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Abstract

Background Achieving sustainable performance in healthcare organizations has become a pressing necessity,
driven by environmental challenges and the imperative for enhanced efficiency. Within nursing leadership, the
integration of green absorptive capacity, green intellectual capital, and green knowledge management has emerged
as a strategic approach to fostering sustainability. However, empirical research on the interplay of these green
competencies in the nursing sector remains limited.

Aim This study aims to examine the mediating role of green knowledge management (GKM) in the relationships
between green absorptive capacity, green intellectual capital, and sustainable performance among nursing
managers. It explores how GKM processes translate environmental competencies into sustainable leadership
outcomes.

Methods A cross-sectional descriptive correlational study was conducted among 207 nursing managers at Zagazig
University Hospitals, Egypt. Data was collected using five validated instruments, including the Green Absorptive
Capacity Questionnaire, Green Intellectual Capital Questionnaire, Sustainable Performance Questionnaire, and Green
Knowledge Management Scale. Structural equation modeling and path analysis were performed to test the study
hypotheses.

Results The findings revealed significant positive associations between green absorptive capacity (3=0.123,
p<0.001), green intellectual capital (3=0.064, p=0.016), and sustainable performance among nursing managers.
Green knowledge management exhibited the strongest direct effect on sustainable performance (3=0.727,

p <0.001). Additionally, green knowledge management significantly moderated the relationships between green
absorptive capacity and sustainable performance (3=0.256, p <0.001) as well as between green intellectual capital

*Correspondence:
Alaa Eldin Moustafa Hamed
Alaa.elderwy@nursing.helwan.edu.eg

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12912-025-03769-4
http://orcid.org/0009-0001-6884-0933
http://orcid.org/0000-0003-3301-6319
http://orcid.org/0000-0003-3937-0167
http://orcid.org/0009-0004-7467-7185
http://orcid.org/0009-0006-4156-6918
http://crossmark.crossref.org/dialog/?doi=10.1186/s12912-025-03769-4&domain=pdf&date_stamp=2025-8-28

Mohamed et al. BMC Nursing (2025) 24:1136

Page 2 of 12

and sustainable performance (3=0.359, p<0.001). These results underscore the pivotal role of knowledge-driven

sustainability strategies in nursing leadership.

Conclusion This study highlights the importance of integrating green absorptive capacity, green intellectual capital,
and green knowledge management into nursing leadership to enhance sustainability outcomes. The findings provide
empirical evidence for the need to embed green competencies within nursing management, advocating for policies
and training programs that reinforce environmental responsibility in healthcare institutions.

Clinical trial number Not applicable.

Keywords Green absorptive capacity, Green intellectual capital, Green knowledge management, Sustainable

performance, Nursing leadership

Background

The necessity for sustainable performance in health-
care organizations has become increasingly urgent due
to environmental challenges and the need for improved
efficiency [1]. Organizations that successfully imple-
ment green strategies not only minimize their negative
environmental impact but also enhance their long-term
competitiveness and sustainability [2]. In the health-
care sector, sustainable performance (SP) refers to an
interconnected system of practices aimed at managing,
restoring, and improving human health while consider-
ing environmental, economic, and social factors. It pro-
motes harmony between healthcare systems, the natural
environment, and society [3, 4]. For this study, sustain-
able performance is used as a proxy for sustainable nurs-
ing leadership, as it reflects the measurable outcomes
of leadership practices that align with environmental
responsibility and long-term healthcare goals.

Nurses play a critical role in maintaining a safe and sus-
tainable healthcare environment for current and future
generations [5]. Given the ethical responsibility to inte-
grate a health-in-all-policies approach, healthcare orga-
nizations must embrace sustainable strategies and foster
environmental awareness among nursing professionals
[6]. Sustainable performance in nursing can be improved
through knowledge acquisition, implementation of green
initiatives, and collaboration with stakeholders [7, 8].

Green Knowledge Management (GKM) is increasingly
recognized as a vital strategy for healthcare organiza-
tions addressing environmental challenges and striving
for Sustainable Development Goals (SDGs) [9, 10]. In
nursing practice, GKM can be applied through initiatives
such as personnel training on waste segregation proto-
cols, development of environmental safety guidelines
and interprofessional knowledge sharing to encourage
eco-friendly clinical behaviors. It facilitates the adop-
tion of sustainable practices through effective knowledge
acquisition and integration, enabling healthcare institu-
tions to implement eco-friendly initiatives such as waste
reduction, responsible water usage, and safer chemical
alternatives [8, 11]. Additionally, Green Intellectual Capi-
tal (GIC), which encompasses intangible assets related to

environmental sustainability plays a crucial role in pro-
moting these initiatives [12, 13]. In a nursing context,
GIC becomes tangible through staff-led environmental
audits, participation in green innovation projects, and
collaboration with external partners on health-related
environmental advocacy. By cultivating Green Absorp-
tive Capacity (GAC), nursing managers can significantly
enhance hospital practices in waste management, energy
conservation, and the reduction of harmful chemicals,
ultimately fostering a sustainable healthcare environment
[14-16].

GIC comprises green human capital (GHC), green
structural capital (GSC), and green relational capital
(GRC). GHC refers to the ecological knowledge, skills,
abilities, and creativity of employees that contribute to
sustainability [17]. For example, in clinical nursing, this
includes competencies in safely handling hazardous
materials, conserving energy and water during care pro-
cedures, and suggesting low-waste alternatives in patient
care. GSC includes an organization’s policies, culture,
knowledge systems, and innovations related to environ-
mental sustainability [18]. This might involve protocols
for purchasing green electronic systems for tracking
resource usage, or institution-wide campaigns to reduce
carbon emissions in healthcare delivery. Lastly, GRC
encompasses the relationships between healthcare orga-
nizations and external stakeholders, including suppliers,
policymakers, and the community that influence sustain-
able practices [19].

A crucial mechanism linking GIC to improved environ-
mental performance is green absorptive capacity (GAC),
an organization’s ability to identify, acquire, assimilate,
and apply external knowledge for sustainable practices
[20, 21]. In nursing environments, GAC is reflected in
ongoing professional development programs on environ-
mental topics, cross-unit collaboration on sustainable
procedures, and the inclusion of sustainability metrics in
nursing management evaluations. GAC strengthens an
organization’s ability to leverage expertise, enhance green
skills, and integrate sustainability-oriented innovations
[22].



Mohamed et al. BMC Nursing (2025) 24:1136

Despite a growing body of research examining the
roles of GKM and intellectual capital in various sec-
tors [23, 24], their specific influence within the health-
care domain especially from the perspective of nursing
managers remains underexplored. Previous studies have
mainly addressed green human resource management
[25] or the dimensions of intellectual capital in hospital
settings [26]. while only a few have considered knowledge
management’s impact on healthcare sustainability [27,
28]. Recent findings underscore that green intellectual
capital significantly contributes to competitive advan-
tage and organizational sustainability in nursing and
healthcare leadership contexts [29, 30]. Additionally,
growing emphasis has been placed on the integration of
environmental knowledge into nursing practice to foster
eco-conscious leadership and improve sustainability per-
formance [5, 31]. However, the mediating role of GKM
in the relationships between GIC, GAC, and sustainable
performance within nursing leadership is still theoreti-
cally and empirically unexamined.

This study is grounded in the Resource-Based View
(RBV) and Knowledge-Based View (KBV) of the firm.
According to RBV, unique, valuable, rare, and inimitable
resources such as GIC and GAC provide a competitive
advantage and drive superior performance [32, 33]. In
nursing leadership, GIC represents the strategic envi-
ronmental knowledge, skills and relational networks that
can differentiate healthcare organizations in sustainabil-
ity outcomes, while GAC reflects the ability to transform
external environmental knowledge into actionable nurs-
ing practices. KBV extends this logic by emphasizing that
knowledge is the most strategically significant resource
for organizations. Within this perspective, GKM becomes
the critical process through which the knowledge embed-
ded in GIC and accessed via GAC is captured, shared
and applied to achieve SP. Thus, RBV explains what stra-
tegic green resources lead to performance (GIC, GAC),
whereas KBV explains how these resources are converted
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Intellectual
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into sustainable outcomes through effective knowledge
management (GKM).

Drawing from RBYV, it is expected that both GAC and
GIC will have positive direct effects on SP (H1, H2)
because they embody rare and valuable capabilities that
can yield long-term sustainable advantages in nursing
leadership. Guided by KBV, GKM is hypothesized to
directly enhance SP (H3) and mediate the effects of GIC
and GAC on SP (H4, H5), as it operationalizes the trans-
formation of environmental knowledge into concrete
sustainable practices. This dual-theory integration pro-
vides a robust explanation for the proposed conceptual
model, where RBV underpins the possession of strategic
green resources and KBV underscores the processes that
leverage these resources for sustainable outcomes.

To address this critical gap, the present study inves-
tigates the direct effects of green absorptive capacity
(GAC) and green intellectual capital (GIC) on sustainable
performance (SP), as well as the mediating role of green
knowledge management (GKM) in these relationships
among nursing managers. In doing so, the study advances
both theoretical understanding and practical strategies
for promoting environmentally responsible leadership
in healthcare settings. Accordingly, a conceptual model
(Fig. 1) is proposed, illustrating the hypothesized rela-
tionships among GIC, GAC, GKM, and SP. The model
posits that GKM functions as a mediator between both
GIC and GAC with SP. This framework is grounded in
the assumption that green-related knowledge processes
enhance the strategic value of environmental resources
by amplifying their influence on organizational out-
comes, an approach supported by emerging empirical
evidence in green healthcare management [34]. There-
fore, the objective of this study is to examine the direct
effects of GAC and GIC on sustainable performance and
the mediating role of GKM in these relationships. Based
on this conceptual foundation, the framework hypoth-
esizes the following hypotheses:

Sustainable

Performance
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+ H1I: Green absorptive capacity (GAC) is positively
and significantly related to nursing managers’
sustainable performance.

+ H2: Green intellectual capital (GIC) is positively and
significantly related to nursing managers’ sustainable
performance.

+ H3: Green knowledge management (GKM) is
positively and significantly related to nursing
managers’ sustainable performance.

+ H4: Green knowledge management (GKM)
significantly mediates the relationship between green
intellectual capital (GIC) and nursing managers’
sustainable performance.

+ H5: Green knowledge management (GKM)
significantly mediates the relationship between green
absorptive capacity (GAC) and nursing managers’
sustainable performance.

Methods

Aim of the study

This study aims to examine the mediating role of green
knowledge management (GKM) in the relationships
between green absorptive capacity, green intellectual
capital and sustainable performance among nursing
managers. It explores how GKM processes translate
environmental competencies into sustainable leadership
outcomes.

Setting and study design

This cross-sectional descriptive correlational study was
conducted at Zagazig University Hospitals, a major
healthcare network affiliated with Zagazig University
in Egypt. The hospital system includes various specialty
units, providing a comprehensive environment for exam-
ining leadership and sustainability practices among nurs-
ing managers.

Sampling and participants

A total of 207 nursing managers were recruited using
a convenience sampling approach, which was deemed
appropriate due to the practical constraints of accessing
a dispersed population of managers within the selected
hospitals. This non-probability method allowed for the
inclusion of participants who met the predefined eligi-
bility criteria and were available during the data collec-
tion period. Eligible participants had a minimum of three
years of experience in the study setting, were present at
the time of data collection, and provided informed con-
sent to participate.

The required sample size was estimated using the
G*Power software (version 3.1.9.7), applying an a priori
power analysis for an F test within the context of linear
multiple regression (fixed model, R* deviation from zero).
The following parameters were used: a medium effect
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size (f* = 0.15), an alpha error probability of 0.05, power
(1-p) of 0.95, and 5 predictors. Based on these inputs,
the minimum required sample size was 138 participants.
Therefore, the final sample of 207 exceeded the minimum
requirement, ensuring adequate statistical power. The
selected nursing managers represented diverse educa-
tional backgrounds, including Diploma Nurses, gradu-
ates of the Technical Institute of Nursing, bachelor’s
degree holders in nursing, and those with postgraduate
nursing education. They were employed across various
departments within the participating hospitals.

Study instruments

Five validated instruments were used to collect data for
this study: the Nursing Managers’ Sociodemographic
Characteristics Questionnaire, Green Absorptive Capac-
ity Questionnaire, Green Intellectual Capital Question-
naire, Sustainable Performance Questionnaire, and
Green Knowledge Management Scale. These instruments
were administered during face-to-face structured inter-
views and presented in the participants’ native language
(Arabic).

The researchers employed both the committee and
back-translation approaches to translate scales originally
developed in English [35, 36]. The translation committee
comprised four members who independently and con-
currently translated the scales: two nursing professors
from Egypt, a nurse proficient in English with experi-
ence in healthcare settings, and a native English-speaking
educator. After the initial translation, a back-translation
approach was applied, where the translated versions were
independently re-translated into English by two bilingual
experts. The final versions of each scale were reviewed
and unanimously approved by all committee members.

To ensure validity and cultural relevance in the context
of sustainable nursing leadership, the instruments were
evaluated by a panel of experts in nursing leadership,
green management practices, and healthcare sustain-
ability. This expert panel included nursing management
professors, specialists in green healthcare practices, and
experts in knowledge management within healthcare
settings. Their input helped refine and adapt several
questions to better reflect the research’s focus on green
absorptive capacity, intellectual capital, and knowledge
management. A pilot study involving 21 nursing manag-
ers, a sample size appropriate to the final sample of 207
nursing managers, further validated the questionnaire.
This pilot study ensured that the instruments were clear
and relevant for the target population before they were
distributed to nursing managers across various health-
care institutions.

This research instrument consists of five primary sec-
tions, with the first section focusing on nursing manag-
ers’ sociodemographic characteristics and educational
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information. Developed by the researchers in their native
language (Arabic), this tool captures key personal and
professional attributes of the participating nursing man-
agers. It includes variables such as age, gender, educa-
tion level, job position, residence, marital status, years
of experience, monthly income, department, and hos-
pital type. Each item was carefully selected to provide a
comprehensive demographic and professional profile of
the participants. This structured approach ensures high-
quality data collection, enhances the study’s contextual
understanding, and supports more rigorous analyses in
future research.

The second section employed the Green Absorp-
tive Capacity Questionnaire developed by Begum et al.
(2023) [20], a validated instrument designed to assess
nursing professionals’ ability to acquire, assimilate, trans-
form, and apply environmental knowledge in healthcare
settings. This tool plays a critical role in evaluating the
integration of green competencies into nursing practice,
thereby supporting sustainable healthcare delivery. The
questionnaire consists of 16 items distributed across four
dimensions, including awareness, knowledge assimila-
tion, and the practical application of sustainable prac-
tices. Nursing managers responded using a five-point
Likert scale (1 = “strongly disagree” to 5 = “strongly
agree”), with dimension scores calculated by averaging
item responses. This approach offers a robust assessment
of the extent to which green practices are institutional-
ized in nursing. The tool’s reliability is well-established,
with Marzouk and El Ebrashi (2024) reporting a high
Cronbach’s alpha of 0.891, reinforcing its reliability for
research on green initiatives and sustainability gaps in
healthcare [37]. Our study assessed the reliability of the
tool and reported good reliability with Cronbach’s alpha
was (o =0.834).

The third part of the research instrument was the
Green Intellectual Capital Questionnaire (GICQ), devel-
oped by Edyta Bombiak in 2020 [38]. This tool assesses
the integration of Green Intellectual Capital (GIC) within
nursing, evaluating sustainability practices through three
key components: Green Human Capital, Green Orga-
nizational Capital, and Green Relational Capital. The
questionnaire consists of 30 items rated on a five-point
Likert scale, ranging from 1 (“Strongly Disagree”) to 5
(“Strongly Agree”). Scores were calculated by averaging
the responses for each dimension, yielding a total score
range of 30 to 150. The reliability of the tool has been sup-
ported in previous studies. Khaled et al. (2023) reported
Cronbach’s alpha of 0.93, indicating excellent internal
consistency [39]. Similarly, Atalla et al. (2024) found the
scale to be highly reliable, with a Cronbach’s alpha of 0.92
for the overall questionnaire [29]. In the present study,
the reliability of the scale was further assessed, yielding a
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Cronbach’s alpha of 0.929, confirming its strong internal
consistency.

The fourth part of the research instrument was the
Sustainable Performance Questionnaire (SPQ), devel-
oped by Mousa & Othman (2020) [25]. This tool assesses
the integration of Green Human Resource Management
(GHRM) practices within nursing, evaluating sustainable
performance across three key dimensions: Environmen-
tal Performance (EP), Economic Performance (EPc), and
Social Performance (SP). The questionnaire consists of
15 items, rated on a five-point Likert scale ranging from
1 (“Not at all”) to 5 (“A very significant extent”). Scores
were calculated by averaging responses for each dimen-
sion, yielding a total score range of 15 to 75. The reliabil-
ity of the tool has been supported in previous studies. Al
Issa et al. (2023) reported a Cronbach’s alpha of 0.79 [2],
while Duque-Uribe et al. (2024) found a higher reliability
of 0.866 [40]. In the present study, the scale demonstrated
strong internal consistency, yielding a Cronbach’s alpha
of 0.888, confirming its reliability in assessing sustainable
performance in nursing settings.

The fifth section utilized the Green Knowledge Man-
agement (GKM) Scale (Yu et al. 2022) [41]. It is a vali-
dated instrument designed to measure the adoption of
sustainability-oriented knowledge management prac-
tices in nursing. The scale evaluates five core dimensions:
Green Knowledge Acquisition (GKA), Green Knowledge
Sharing (GKS), Green Knowledge Storage (GKT), Green
Knowledge Application (GKAp), and Green Knowledge
Creation (GKC). Comprising 27 items, responses were
recorded on a seven-point Likert scale (1 = “Strongly Dis-
agree” to 7 = “Strongly Agree”). Dimension scores were
derived by averaging item responses, with total scores
ranging from 27 to 189. Prior studies have demonstrated
the scale’s high reliability, with Sahoo et al. (2023) and
Wang et al. (2022) reporting Cronbach’s alpha values of
0.913 and 0.901, respectively [8, 10]. In the current study,
reliability was further confirmed, yielding a Cronbach’s
alpha of 0.92, reinforcing the tool’s robust internal con-
sistency for assessing green knowledge management in
healthcare contexts.

Procedures

Ethical approval for this study was obtained from the
Research Ethics Committee (REC) of the Faculty of Nurs-
ing, Zagazig University, Egypt (Approval ID: ZUNur
REC#:109) in September 2024. Official permissions were
also received from relevant hospital authorities to facili-
tate data collection. Prior to participation, all nursing
managers were informed about the study’s objectives
and their rights, including the voluntary nature of par-
ticipation, confidentiality assurances, and the freedom
to withdraw at any stage without repercussions. A pilot
study was conducted with 20 randomly selected nursing
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managers to assess the clarity, feasibility and time bur-
den of the questionnaire tools; no modifications were
needed based on pilot results. The main data collection
phase took place over one month starting in September
2024, during which researchers met with participants
three times weekly in private, distraction-free settings
within their respective hospitals. All questionnaires were
administered face-to-face using printed forms to ensure
consistency. To preserve data integrity and participant
anonymity, responses were coded and no identifying
information was recorded. Questionnaires were reviewed
immediately upon completion to address the missing
data in real time. Participants were thanked for their time
and contributions, reinforcing respect for their role in the
research process.

Ethical consideration

Ethical approval for conducting this study was obtained
from the Research Ethics Committee (REC) of the Col-
lege of Nursing, Zagazig University, Egypt (Approval ID:
ZUNur.REC#:109) in September 2024. Prior to participa-
tion, the study objectives were thoroughly explained to all
participants, emphasizing that the collected data would
be used solely for research purposes. Participants were
informed of their right to voluntary participation, includ-
ing the option to decline or withdraw from the study at
any stage without facing any negative consequences.

To uphold confidentiality and data protection, all
responses were anonymized and securely stored, ensur-
ing that the data remained accessible only to the research
team. Informed written consent was obtained from nurs-
ing managers who agreed to participate, reinforcing their
understanding of the study’s aims and ethical consider-
ations. All study procedures adhered to the ethical guide-
lines of the Declaration of Helsinki and its subsequent
amendments, ensuring the rights, dignity, and welfare of
participants were safeguarded throughout the research
process.

Statistical analysis

Data was analyzed using SPSS version 26 (IBM, USA)
and AMOS version 24. Prior to conducting inferential
analyses, the Shapiro—Wilk test was applied to assess the
normality of all study variables. The results confirmed
normal distribution for all major constructs (p>0.05),
indicating the appropriateness of parametric techniques.
No extreme outliers were detected based on standardized
z-scores (+3.29), boxplots, and Mahalanobis distance
(p<0.001). Descriptive statistics (mean, standard devia-
tion, frequencies, and percentages) were used to summa-
rize participant characteristics and scale scores. Pearson’s
correlation coefficients were calculated to examine bivar-
iate associations. Multiple linear regression analysis was
conducted to identify predictors of the outcome variable.
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Cronbach’s alpha coefficients were used to determine the
internal consistency of each instrument. To assess direct
and indirect effects among constructs, path analysis was
performed using AMOS, which is appropriate for model-
ing latent variable relationships and estimating structural
paths. For mediation testing, Hayes’ PROCESS macro
for SPSS (Model 4) was employed to evaluate the medi-
ating role of green knowledge management. Model fit
was evaluated using multiple indices: CMIN/DF (<3),
CFI (>0.90), GFI (>0.80), TLI (>0.90), RMSEA (<0.08),
and RMR (<0.05), with interpretation guided by recom-
mended SEM thresholds. A p-value<0.05 was consid-
ered statistically significant.

Results

Table 1 presents the demographic characteristics of the
study participants, highlighting a predominantly female
(56.04%) and married (73.43%) workforce with a mean
age of 40.48+7.79 years. The majority held a bachelor’s
degree (72.98%) and had 5 to 25 years of experience
(67.14%), indicating substantial clinical exposure. A
noTable 80.83% reported an unsatisfactory income, and
most (69.08%) resided in urban areas. Head nurses con-
stituted the largest job category (80.7%). These findings
provide essential context for understanding the profes-
sional and socioeconomic factors that may influence
nursing practice and workplace dynamics.

Table 2 presents the descriptive statistics and correla-
tion matrix for the study variables. The results indicate
that Green Absorptive Capacity (M =3.82, SD=0.98) and
Green Intellectual Capital (M =3.76, SD =0.89) are posi-
tively correlated (r=0.638, p<0.01), suggesting a strong
association between organizational knowledge absorp-
tion and intellectual capital. Sustainable Performance
(M=4.07, SD=0.66) shows significant positive correla-
tions with both Green Absorptive Capacity (r=0.697,
p<0.01) and Green Intellectual Capital (r=0.474,
p<0.01), highlighting their contribution to sustainabil-
ity outcomes. Additionally, Green Knowledge Manage-
ment (M =4.05, SD =0.67) is significantly associated with
all study variables, with the highest correlation observed
with Sustainable Performance (r=0.603, p<0.01). These
findings underscore the interconnected role of green
competencies in enhancing sustainability within health-
care settings.

Table 3 presents the reliability, validity, and model fit
indicators for the study constructs. The composite reli-
ability (CR) values range from 0.801 to 0.955, exceed-
ing the 0.70 threshold, confirming internal consistency.
The average variance extracted (AVE) values are gener-
ally above 0.50, supporting convergent validity. Model
fit indices indicate an acceptable fit, with Comparative
Fit Index (CFI) values ranging from 0.842 to 0.969 and
Goodness-of-Fit Index (GFI) values above 0.70. Root
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Table 1 Descriptive statistics of study variables (n=207)

Personal data Categories No %
Age 25-<35 58 28.02
35-<45 81 39.13
>45 68 32.85
Mean +SD 4048+7.79
Gender Male 91 43.96
Female 116 56.04
Marital status Single 37 17.87
Married 152 7343
Divorced/Widow 18 8.70
Educational level Technical Institute of Nursing 37 17.87
Bachelor’s degree in nursing 151 7295
Postgraduate education 19 9.18
Years of experience  5to <15 68 32.85
15to <25 95 45.89
>25 44 21.26
Monthly Income Satisfactory 82 3961
Unsatisfactory 125 6093
Residence Rural 64 3092
Urban 143 69.08
Job Position Head Nurse 167 80.7%
Nursing supervisor 24 11.6%
Assistant nursing director " 5.3%
Nursing director 5 2.4%
Hospital Type
General Medicine Hospital 37 17.87
Specialized Medicine Hospital 31 14.98
Pediatrics Hospital 25 12.08
Emergency (Istekbal) Hospital 21 10.14
New Surgery / Assalam Hospital 37 17.87
Tumor & Oncology Hospital 17 8.21
Accidents & Trauma Hospital 21 10.14
Economic Treatment Hospital 18 8.70
Hospital Unit Medical Ward 31 18.56
Surgical Ward 28 16.77
Intensive Care Unit (ICU) 23 13.77
Emergency Unit 20 11.98
Pediatric Unit 18 10.78
Obstetrics & Gynecology Unit 16 9.58
Cardiac/Chest Unit 13 778
Outpatient/Specialty Clinics 12 7.19
Others 6 3.59
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Mean Square Error of Approximation (RMSEA) val-
ues remain within acceptable limits, reinforcing the
model’s robustness. These results validate the measure-
ment model, ensuring reliability and construct validity in
assessing green competencies and sustainability-related
factors in nursing practice.

Table 4 presents the structural model results, demon-
strating the direct and indirect effects of key variables on
sustainable performance (SP). Green Absorptive Capac-
ity (GAC) exhibited a statistically significant direct effect
on SP ($=0.123, p<0.001), supporting H1. Green Intel-
lectual Capital (GIC) also showed a significant direct
effect on SP (p=0.064, p=0.016), supporting H2. Green
Knowledge Management (GKM) had the strongest direct
influence on SP ($=0.727, p<0.001), supporting H3. For
the mediation effects, GKM significantly mediated the
relationship between GIC and SP ($=0.359, p<0.001;
supporting H4) and between GAC and SP (f=0.256,
p<0.001; supporting H5). These findings underscore the
importance of GKM in translating green competencies
into sustainable leadership outcomes in nursing practice.

Figures 2 illustrates the structural equation model
exploring the mediating role of Green Knowledge Man-
agement (GKM) in the relationships between Green
Absorptive Capacity (GAC), Green Intellectual Capi-
tal (GIC), and Sustainable Performance (SP). The model
confirms the strong direct influence of GKM on SP
(B=0.73), underscoring its pivotal role in driving sustain-
ability in nursing leadership. The results validate the mul-
tidimensional nature of SP (environmental, social, and
economic) and reinforce the importance of integrating
green competencies into leadership strategies to promote
sustainable healthcare systems.

Table 5 provides a concise overview of the study’s
hypotheses, specifying each proposed relationship,
the corresponding statistical results, and whether the
hypothesis was supported.

Discussion

Our study underscores a significant positive relation-
ship between green absorptive capacity (GAC) and sus-
tainable performance (SP) among nurse managers. This

Table 2 Reliability and validity assessment of measurement model (n=207)

variables Mean Std. Deviation GAC GIC SP
Green Absorptive Capacity 3.82 0.98 r 1
p
Green intellectual Capital 3.76 0.89 r 0638" 1
p 0.000
Sustainable performance 4.07 0.66 r 0697 0474~ 1
p 0.000 0.000
Green knowledge Management 405 0.67 r 0.544" 0.529" 0.603"
p 0.000 0.000 0.000

** Correlation is significant at the 0.01 level
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Table 3 Correlation matrix of key study variables
Construct N Reliability and Validity Model Fit Indicators

AVE C.R CFI GFI RMSEA CMIN DF TLI RMR
GAC 10 0.683 0.955 0.969 0.92 0.089 92.395 35 0.96 0.039
GIC
GHC 12 0.567 0.928 0.852 0.742 0.092 1103.479 402 0.84 0.086
GSC 10 0.548 0.924
GRC 8 0.577 0915
SP
EP 4 0526 0916 0916 0.886 0.089 201.14 76 0.883 0.052
SoP 6 0.509 0.878
VP 5 0.505 0.834
GKM
GKA 5 0512 0.839 0.842 0.747 0.095 822,682 289 0.823 0.06
GKS 5 0519 0.843
GKH 6 0.579 0.892
GKP 5 0452 0.803
GKC 5 0453 0.801

Average Variances Extracted (AVE), Composite Reliability (C.R.), Root Mean Square Error of Approximation (RMSEA), root mean square residual (RMR), goodness-of-fit

index (GFI), comparative fit index (CFl), Tacker-Lewis Index (TLI)

Table 4 Structural model results: hypothesis testing

Effects Beta t-value P-value
GAC ---> SP 0.123 5.248 0.000
GIC--->SP 0.064 2409 0.016
GKM—> SP 0.727 15.088 0.000
GIC*GKM—> SP 0.359 8.179 0.000
GAC*GKM—> SP 0.256 6.377 0.000

finding suggests that the ability of nurse managers to
assimilate and apply green knowledge enhances sustain-
able performance by fostering environmentally respon-
sible management practices. The integration of GAC
into nursing leadership facilitates the development of
sustainability-driven strategies, ultimately contributing
to improved healthcare outcomes. These findings align
with those of Zhou et al. (2023), who reported that GAC
directly influences employees’ SP, and Ying, Hassan, and
Afsar (2020), who emphasized that effectively manag-
ing GAC fosters knowledge creation and trust, thereby
enhancing employees’ SP [42, 43]. However, unlike some
earlier studies that focused primarily on industrial or
manufacturing contexts, our results demonstrate that
GAC has strong relevance in the healthcare sector, where
sustainability involves complex patient care, regulatory
compliance and resource optimization. This sector-spe-
cific evidence broadens the applicability of GAC theory
and suggests that absorptive capacity in nursing leader-
ship must account for the human-centered nature of
healthcare delivery.

Regarding the role of green intellectual capital (GIC),
findings indicate that it plays a pivotal role in enhanc-
ing SP, with green knowledge management (GKM) serv-
ing as a key mediator factor. Strengthening GIC requires
adequate resources and effective knowledge management

strategies, which collectively contribute to improved
sustainability outcomes. Furthermore, GIC fosters col-
laboration and innovation, reinforcing its impact on sus-
tainable performance within healthcare settings. These
findings are consistent with previous research (Martin-
Rubio, 2021; Sahoo et al., 2023), which established a posi-
tive association between GKM and GIC [8, 44]. Similarly,
Haddad et al. (2024) emphasized that GIC acts as a bridge
between external knowledge and internal organizational
processes, facilitating sustainability [45]. By contrast,
Nisar et al. (2021) argued that managing and developing
green human capital primarily benefits stakeholders and
enhances market value, with less emphasis on internal
sustainability outcomes [46]. Our study challenges this
view by showing that in nursing leadership, GIC not only
supports external stakeholder value but also directly con-
tributes to internal sustainable performance, likely due to
the profession’s intrinsic service orientation and commit-
ment to patient-centered care.

With regard to the influence of GKM, results indi-
cate that an increase in GKM strengthens the impact of
GAC on SP, emphasizing the importance of integrating
technological and administrative green innovations in
nursing leadership. By leveraging GKM, nurse managers
can systematically embed sustainability principles into
healthcare practices, optimizing environmental perfor-
mance. These findings align with the work of Khan et
al. (2024), who identified significant mediation effects
and correlations between GKM and sustainable perfor-
mance [9]. Similarly, Sahoo et al. (2022) established that
GKM functions as a precursor to sustainability, reinforc-
ing its critical role in advancing SP [47]. However, previ-
ous studies (Hsu & Sabherwal, 2012) have suggested that
intellectual capital influences knowledge management in
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Fig. 2 Structural model illustrating the mediating role of green knowledge management in the relationship between green absorptive capacity and
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Table 5 Summary of hypotheses testing results

Hypothesis Statement B p-value Support Status
H1 GAC — SP 0.123  <0.001  Supported
H2 GIC — SP 0.064 0.016  Supported
H3 GKM — SP 0.727 <0.001  Supported
H4 GIC— GKM —-SP 0359 <0.001 Supported
H5 GAC - GKM = SP 0.256  <0.001  Supported

complex ways, warranting further investigation [48]. Our
results refine this understanding by confirming a clear
directional pathway in healthcare: GKM acts as an opera-
tional bridge that converts both GAC and GIC into tangi-
ble sustainability gains, indicating that in this context, the
flow of influence is more unidirectional and implementa-
tion driven.

From a mediation perspective, the findings reveal
that Green Knowledge Management (GKM) functions
as a significant mediator between both Green Intel-
lectual Capital (GIC) and Green Absorptive Capacity
(GACQ) in influencing Sustainable Performance (SP). This

underscores GKM’s critical role in translating intangible
organizational knowledge such as staff expertise, eco-
innovation culture, and stakeholder collaboration into
measurable sustainability outcomes. While Al-Hakimi
et al. (2022) proposed GIC as a mediator between GKM
and SP [49]. Our model contributes a novel inversion of
this causal structure, positioning GKM as the mechanism
through which GIC and GAC exert their influence on SP.
This is aligned with Farzaneh et al. (2022), who empha-
sized the enabling role of intellectual capital in advancing
sustainability [50]. Additionally, our results confirm that
increased levels of GKM amplify the influence of GAC
on SP, further supporting previous findings by Shahzad et
al. (2020) and Xue et al. (2019), who identified GAC as a
critical driver of sustainability in healthcare systems [51,
52]. This mediation evidence uniquely extends current
nursing leadership literature by demonstrating that struc-
tured green knowledge systems are not merely support-
ive tools but essential mechanisms for operationalizing
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environmental and social sustainability goals in complex
healthcare organizations.

To operationalize these findings, healthcare leaders
and nurse managers should institutionalize GKM and
GIC through targeted strategies. This may include the
development of green leadership training programs that
equip nursing managers with competencies in environ-
mental decision-making, sustainability reporting, and
climate-smart healthcare delivery. Moreover, establish-
ing interdepartmental knowledge-sharing protocols
such as digital knowledge repositories, green rounds,
and peer exchange forums can promote the diffusion of
green innovations across units. Hospitals may also bene-
fit from creating eco-sustainability task forces, composed
of cross-functional teams that assess current practices,
implement green initiatives, and monitor environmental
performance metrics. Embedding these strategies within
organizational policy not only supports sustainable lead-
ership but also aligns with broader Sustainable Develop-
ment Goals (SDGs) in healthcare.

Conclusion

This study provides empirical evidence on the pivotal
role of green absorptive capacity and green intellectual
capital in enhancing sustainable performance among
nursing managers. The mediating effect of green knowl-
edge management highlights the necessity of knowledge-
driven sustainability strategies in healthcare leadership.
Theoretically, the findings contribute to the emerg-
ing literature on environmental management in nurs-
ing by extending the application of resource-based and
knowledge-based views within a healthcare context.
Practically, the results underscore the importance of inte-
grating environmental knowledge into nursing manage-
ment to strengthen hospitals’ sustainability practices,
reduce environmental footprints, and promote long-term
organizational resilience. These findings call for targeted
interventions to embed green competencies within nurs-
ing leadership, fostering a culture of sustainability in
healthcare institutions.

Implications of the study

The findings of this study carry several actionable impli-
cations for nursing management, healthcare policy, and
leadership development. Nursing leadership programs
should incorporate green absorptive capacity and intel-
lectual capital to equip managers with tools for sustain-
ability-driven decision-making. Educational curricula
and in-service training should embed green knowledge
management (GKM) competencies, focusing on eco-
friendly workflows and environmental risk reduction.
Policymakers are urged to implement governance frame-
works that promote interdepartmental green knowledge
sharing and sustainability audits. Additionally, healthcare
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systems should establish interdisciplinary sustainabil-
ity committees that engage nurse managers in develop-
ing and overseeing eco-conscious strategies aligned with
global health and environmental goals.

Limitations of the study

While this study offers valuable insights into the inter-
play between green absorptive capacity, green intellectual
capital, and green knowledge management in advancing
sustainable performance among nursing managers, sev-
eral limitations should be acknowledged. First, the cross-
sectional design limits causal inference, as data were
collected at a single point in time. This design prevents
confirmation of the temporal order or directional nature
of the observed relationships. Longitudinal research
could provide stronger evidence by tracking changes in
these constructs and their impact on sustainable per-
formance over time. Second, reliance on self-reported
questionnaires, although using validated tools, may have
introduced response bias, such as social desirability or
overestimation of environmental competencies and sus-
tainability engagement. Future studies could mitigate this
bias through triangulation, combining survey data with
objective performance indicators, direct observations or
qualitative interviews. Third, the study was conducted
within a single healthcare system, potentially limiting the
generalizability of the findings to different organizational
structures, cultural contexts or healthcare delivery mod-
els. Multi-site, cross-cultural investigations would help
verify the broader applicability of these results. Finally,
the exclusive focus on managerial perspectives excluded
frontline nurses, whose operational insights are crucial
to understanding the full scope of sustainability imple-
mentation. Future research should adopt mixed-method
approaches that integrate both strategic and operational
viewpoints to provide a more comprehensive under-
standing of sustainability practices in nursing leadership.
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