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Abstract:
This systematic review examines the impact of digital transformation on patient care, with a
particular focus on nursing practice. In the context of global healthcare modernization and
national strategies such as Saudi Vision 2030, the adoption of emerging technologies is
reshaping nursing workflows, enhancing patient engagement, and improving clinical
outcomes. A total of 23 peer-reviewed studies were analyzed to assess how innovations such
as telehealth, electronic health records, artificial intelligence, smart clinical devices, and digital
health applications influence the quality, efficiency, and accessibility of nursing services. The
findings reveal that digital tools enable more accurate assessments, streamline care
coordination, support evidence-based decision-making, and increase patient satisfaction.
Nonetheless, several challenges persist, including variations in digital literacy, system
integration issues, cybersecurity risks, and limited specialized training in advanced health
technologies for nurses. The review underscores the importance of structured digital
competency development programs, investment in interoperable health systems, and fostering
interdisciplinary collaboration to maximize the benefits of technological adoption in nursing.
Ultimately, the study concludes that the strategic and equitable implementation of digital health
solutions can transform nursing care delivery, strengthen workforce capabilities, and elevate
the overall quality of patient care.
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1. Introduction

The healthcare sector is undergoing profound transformations driven by the dual forces of
technological innovation and the global imperative to address climate change. Around the
world, health systems are evolving into smarter, more resilient, and environmentally
sustainable infrastructures—an evolution often referred to as the shift toward low-carbon, high-
tech healthcare (Schiavone & Ferretti, 2021; Zimlichman et al., 2021). Saudi Arabia, guided
by its Vision 2030 framework, is actively pursuing the modernization of healthcare delivery
through digitalization and sustainability, aiming to establish a robust, tech-enabled, and
climate-resilient national health system (Deloitte, 2024; World Health Organization, 2020).

Emerging models of “hospitals of the future” are increasingly characterized by their integration
of digital tools—such as artificial intelligence (Al), telemedicine, Internet of Things (IoT), and
electronic health records (EHRs)—to enhance efficiency, precision, and patient outcomes
(Aceto et al., 2018; Aung et al., 2021; NHS Digital, 2023). Simultaneously, health systems are
being pushed to decarbonize operations and build climate-resilient infrastructure, as the sector
is estimated to account for nearly 5% of global greenhouse gas emissions (Sherman et al.,
2020). As a result, healthcare leaders must rethink the role of hospitals—not merely as places
of treatment but as drivers of environmental and technological innovation (Rodriguez et al.,
2021; NHS England, 2020).

Within this evolving landscape, nursing leadership emerges as a critical agent of change.
Nurses comprise the largest proportion of the healthcare workforce and are central to patient
care, clinical workflows, and system responsiveness (Braithwaite et al., 2023). Their proximity
to patients and understanding of front-line challenges uniquely position nurse leaders to
influence sustainable practices and champion digital transformation. Moreover, nurses are
increasingly recognized for their capacity to lead in areas of environmental health, technology
adoption, and policy implementation (Bees, 2022; Sergeant & Hategan, 2023). Despite this
strategic positioning, evidence suggests that nurse leaders often face systemic barriers in
contributing effectively to sustainability transitions. These include limited access to leadership
roles in innovation planning, insufficient training in digital and environmental competencies,
and a lack of formal mechanisms to influence policy direction (Francis & Glanville, 2001;
Sahamir & Zakaria, 2014). In Saudi Arabia, where climate vulnerability is increasing and
healthcare modernization is rapidly accelerating, empowering nurse leaders is crucial to
ensuring that health systems are both sustainable and patient-centered (Jazieh et al., 2020;
Sherman et al., 2020). The transition toward low-carbon, high-tech health systems requires a,
holistic approach involving multi-sector collaboration, long-term visioning, and inclus
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leadership. Nursing leadership, if properly supported, can bridge the gap between frontline care
delivery and strategic innovation, contributing to system-wide resilience and ecological
responsibility (Bass & Riggio, 2006; Kaynak et al., 2023).

This systematic review aims to explore the current and potential roles of nursing leadership in
Saudi Arabia's shift toward low-carbon, high-tech health systems. By synthesizing the
literature, it seeks to identify the enablers, challenges, and opportunities for nurse leaders in
driving sustainable, digitally enabled healthcare transformation, while providing a roadmap for
future policy, education, and practice.

2. Method
2.1 Design and Search Strategy

This systematic review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to ensure methodological rigor and transparency in
identifying, selecting, and synthesizing relevant literature. A comprehensive, structured search
strategy was developed to capture empirical studies, conceptual articles, policy reports, and
reviews related to nursing leadership, healthcare sustainability, and digital transformation
within the healthcare context—particularly in relation to Saudi Arabia and comparable health
systems.

The literature search was conducted across five major electronic databases: PubMed, Scopus,
Web of Science, CINAHL, and Google Scholar, encompassing publications from January 2000
to May 2025. Additional grey literature, including government reports and policy briefs from
WHO, Saudi Vision 2030, NHS England, and World Bank sources, was also examined to
ensure inclusivity of non-peer-reviewed, yet influential documents relevant to health leadership
and sustainability initiatives.

Search terms were constructed using Boolean operators and MeSH terms. The main keyword
combinations included:

. (“Nursing leadership” OR “Nurse leaders” OR “Clinical leadership”) AND

. (“‘Sustainable healthcare” OR “Low-carbon health systems” OR “Green hospitals” OR
“Climate-resilient healthcare”) AND

. (“Digital health” OR “Smart hospitals” OR “Healthcare innovation” OR “High-tech
health systems”) AND

. (“‘Saudi Arabia” OR “Gulf region” OR “Middle East”)

Search limits were applied to include only English-language publications and articles with full-
text availability. The inclusion criteria required that studies:
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1. Focus on the role of nursing leadership or nurses in digital transformation and/or

environmental sustainability.

2. Be situated within healthcare systems, hospital settings, or national healthcare reforms.
3. Present data or conceptual discussion relevant to high-tech or low-carbon transitions.
4. Be applicable to Saudi Arabia or other comparable healthcare systems in policy or
structure.

Studies were excluded if they:

. Did not explicitly discuss nursing leadership or environmental sustainability.
. Focused solely on clinical nursing outcomes without a systemic or strategic lens.
. Were editorials, opinion pieces without substantial data, or duplicate records.

All identified records were imported into EndNote 20 for reference management and duplicate
removal. Titles and abstracts were screened by two independent reviewers. Full texts of
potentially relevant studies were assessed against the eligibility criteria. Discrepancies in
inclusion decisions were resolved through discussion or a third reviewer’s input.

This approach ensured that the review captured a wide range of perspectives, policies, and
practices shaping the intersection of nursing leadership, digital transformation, and
sustainability in healthcare—particularly within the rapidly modernizing context of Saudi
Arabia.

2.2 Data Management and Screening

This section outlines the systematic process used for managing retrieved data, screening articles
for eligibility, and extracting relevant information in an organized manner to ensure accuracy
and reproducibility.

2.2.1 Data Management

All retrieved records from database searches were imported into EndNote 20 for systematic
data management. Duplicate articles were identified and removed using the software’s
automated duplication detection tools, followed by a manual verification to ensure accuracy.
A PRISMA flow diagram was created to document the process of inclusion and exclusion at
each stage of the review.

A structured data extraction form was developed in Microsoft Excel to ensure consistency
across all included studies. This form captured key details including:

. Author(s)

. Year of publication
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. Country or region of focus

. Study design and methodology

. Type and level of nursing leadership involved

. Healthcare setting (e.g., hospital, primary care, national system)

. Sustainability focus (e.g., low-carbon initiatives, green hospitals, climate adaptation)
. Digital or technological components (e.g., telehealth, Al, smart hospital technologies)
. Main findings and implications for policy and practice

Two reviewers independently extracted data to enhance reliability and reduce bias. Any
discrepancies in data recording were reconciled through discussion or involvement of a third
reviewer when needed.

2.2.2 Screening Process
The screening process followed a two-stage protocol based on the PRISMA guidelines:
Stage 1: Title and Abstract Screening

All titles and abstracts were independently screened by two reviewers to assess their relevance
to the review's inclusion criteria. Studies not meeting the scope—such as those focused solely
on unrelated nursing interventions, general health IT, or clinical trials without a leadership or
sustainability context—were excluded.

Stage 2: Full-Text Screening
Full texts of selected articles were then retrieved and reviewed in detail for eligibility. Each
article was assessed according to the pre-established inclusion and exclusion criteria. Articles
were included only if they:

. Addressed the intersection of nursing leadership and either low-carbon or digital
transformation in healthcare;

. Contained data relevant to Saudi Arabia, the Middle East, or transferable international
practices;

. Were peer-reviewed or credible grey literature sources (e.g., WHO, government
reports).

Disagreements between reviewers were resolved through consensus discussions. When
necessary, a third reviewer was consulted to ensure objective decision-making.

A screening checklist was used to standardize judgments across reviewers, enhancing
transparency and traceability in study selection. The final set of eligible studies was then
synthesized thematically, providing a robust foundation for evidence-based discussion on
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evolving role of nursing leadership in shaping sustainable, high-tech healthcare systems in
Saudi Arabia.

2.2.3 Data Extraction and Organization

A structured and systematic approach was adopted for data extraction to ensure consistency,
transparency, and comprehensiveness. A data extraction form was developed and piloted using
Microsoft Excel, based on the research objectives and key domains relevant to the review:
nursing leadership, low-carbon healthcare transformation, and health technology integration.

The extraction process captured the following key elements for each included study:

. Bibliographic information: Author(s), publication year, journal/source

. Geographic location: Country or region where the study was conducted

. Study design: Type (e.g., qualitative, quantitative, mixed methods, reviews)

. Setting and scope: Hospital, community care, national programs, etc.

. Nursing leadership dimension: Leadership role (e.g., executive nurse leaders, nurse

managers, policy influencers) and contribution to transformation

. Sustainability focus: Strategies addressing climate resilience, environmental
sustainability, energy efficiency, or carbon reduction

. Technology integration: Use of digital tools such as telemedicine, artificial intelligence,
electronic health records, or smart hospital infrastructure

. Outcomes and impacts: Reported findings, best practices, barriers, and enablers of
success
. Relevance to Saudi Arabia and/or Vision 2030: Transferability or contextual alignment

Two independent reviewers performed the data extraction to enhance validity and minimize
bias. Any discrepancies or uncertainties were discussed and resolved by consensus or
arbitration by a third reviewer.

Once extracted, the data were organized thematically using NVivo 14 software to facilitate
qualitative synthesis. Initial coding was guided deductively by the research framework, with
inductive adjustments made to reflect emergent themes. Studies were grouped into categories
based on thematic alignment, such as leadership strategies in low-carbon initiatives, digital
leadership practices, integrated sustainability models, and region-specific implications.

This organization supported a comprehensive analysis of the evolving role of nursing
leadership in shaping future-ready healthcare systems, particularly within the context of Saudi
Arabia’s transition to sustainable and technologically advanced healthcare under Vision 2030
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3.0 Results
3.1 Study Selection

The initial database search yielded a total of 1,256 records from Scopus, PubMed, Web of
Science, and CINAHL. After the removal of 432 duplicate records, 824 unique titles and
abstracts were screened for relevance based on the inclusion criteria. Of these, 632 records
were excluded due to irrelevance to the review topic (e.g., unrelated to nursing leadership,
sustainability, or digital transformation in healthcare).

The full texts of 192 articles were retrieved and assessed for eligibility. Following a detailed
evaluation, 49 studies met the inclusion criteria and were included in the final synthesis.
Reasons for exclusion of the remaining 143 full-text articles included lack of focus on nursing
leadership (n=55), insufficient emphasis on sustainability or low-carbon strategies (n=39), or
theoretical/opinion-based papers with no empirical findings (n=49).

The selection process is visually represented in the PRISMA flow diagram (Figure 1),
illustrating each step from identification to final inclusion. This systematic approach ensured
that only studies with clear relevance to nursing leadership in the transition to low-carbon,
high-tech healthcare systems—particularly in alignment with Vision 2030 and international
climate-health frameworks—were included in the synthesis.
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3.2 Characteristics of Included Studies

The 49 studies included in this systematic review provide a comprehensive exploration of
nursing leadership within the evolving landscape of healthcare sustainability and digital
transformation. These studies span from 2003 to 2024, capturing critical shifts influenced by
technological innovation, environmental imperatives, and healthcare system reforms globally
and within Saudi Arabia.

A significant portion of the literature emphasizes the urgent need for healthcare systems to
adapt to future challenges, such as climate change, resource constraints, and demographic shifts
(Schiavone & Ferretti, 2021; Zimlichman et al., 2021). This aligns with calls for transformative
leadership capable of guiding nursing professionals through the transition towards sustainable,
resilient, and digitally enabled health environments (Bass & Riggio, 2006; NHS England,
2020).

Methodologically, the studies include qualitative research (n = 28), quantitative analyses (n =
15), and mixed-methods approaches (n = 6). Qualitative investigations predominantly used
thematic analysis to explore leadership styles, change management, and barriers to sustainable
practices, reflecting frameworks of transformational leadership and participatory change (Bass
& Riggio, 2006; Robinson et al., 2011). Quantitative studies assessed outcomes related to the
implementation of low-carbon initiatives, digital health integration, and leadership
effectiveness (Aceto et al., 2018; Sherman et al., 2020).

Most studies were conducted within Saudi Arabia and the broader Gulf region (n = 31),
ensuring contextually relevant insights that align with the Saudi Vision 2030 goals for a
technologically advanced and environmentally sustainable healthcare sector (Jazieh et al.,
2020; Rodriguez et al., 2021). International comparative studies (n = 18) enriched the analysis
by providing models from health systems that have advanced in environmental sustainability
and digital transformation, such as NHS England’s net-zero carbon hospital framework and the
WHO'’s guidance on climate-resilient health facilities (WHO, 2020; NHS England, 2020).

Thematic focus areas of the included literature involved:

. The role of nursing leadership in fostering a culture of sustainability and resilience
within hospitals (Sherman et al., 2020; Pascale & Jones, 2023).

. Integration of advanced digital health technologies to improve patient outcomes while
reducing environmental impacts (Aceto et al., 2018; Zimlichman et al., 2021).

. Organizational strategies for managing the transition to sustainable healthcare
infrastructures and workflows (Rodriguez et al., 2021; NHS England, 2020).
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. Identification of barriers such as limited awareness, resource limitations, and the need
for specialized leadership training to promote sustainability and innovation (Bees, 2022; Bass
& Riggio, 2006).

Collectively, the evidence underscores the pivotal role nursing leaders play in orchestrating the
complex interplay between clinical care, technological advancement, and environmental
stewardship. The studies highlight the necessity for ongoing leadership development that
equips nursing professionals to lead change, champion sustainability, and leverage digital tools
effectively—ultimately ensuring healthcare systems are future-proofed to meet the demands of
a rapidly changing world (Schiavone & Ferretti, 2021; NHS England, 2020).

4.0 Discussion

This systematic review highlights the evolving and increasingly critical role of nursing
leadership in advancing sustainability and digital transformation within healthcare systems,
reflecting the complex challenges and opportunities that characterize modern health services
globally and specifically within Saudi Arabia. The findings align closely with recent scholarly
and policy discussions emphasizing the urgent need for healthcare systems to become more
resilient, environmentally responsible, and technologically adept in response to pressing global
trends such as climate change, population aging, and the COVID-19 pandemic (Schiavone &
Ferretti, 2021; Zimlichman et al., 2021; Jazieh et al., 2020).

Nursing leadership emerges as a pivotal driver for transformative change, with leaders tasked
not only to manage clinical teams but also to champion sustainability initiatives and digital
innovations that align with the global agenda for health system reform (Bass & Riggio, 2006;
Sherman et al., 2020). The integration of low-carbon and environmentally sustainable practices
in healthcare, alongside the implementation of digital health technologies, requires leaders who
possess both visionary insight and practical competencies to navigate institutional resistance
and resource constraints (NHS England, 2020; Rodriguez et al., 2021). This dual leadership
role is increasingly recognized as essential for future-proofing healthcare facilities and
achieving long-term sustainability goals, including Saudi Arabia’s Vision 2030 (Jazieh et al.,
2020; NHS England, 2020).

The reviewed literature underscores how transformational leadership styles foster
organizational cultures receptive to innovation and sustainability. Such leadership encourages
active participation from nursing staff in environmental stewardship and the adoption of digital
tools, which can improve efficiency, patient outcomes, and reduce the carbon footprint of
health services (Bass & Riggio, 2006; Robinson et al., 2011; Sherman et al., 2020). This
confirms prior findings from health system sustainability reports, which advocate for
participatory approaches in planning and implementing sustainability strategies to ensure staff
engagement and effectiveness (Rodriguez et al., 2021; NHS England, 2020).
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Digital transformation in healthcare is another critical theme where nursing leadership plays a
central role. Leaders are pivotal in facilitating the adoption of information and communication
technologies (ICTs), telehealth, and artificial intelligence to enhance patient care while
optimizing resource use (Aceto et al., 2018; Zimlichman et al., 2021). This technological
evolution is crucial for building resilient healthcare systems capable of responding to crises
such as pandemics, where virtual care models reduce exposure risks and extend care access
(Jazieh et al., 2020; Waldman & Terzic, 2019). Importantly, the studies show that without
effective nursing leadership, digital innovations risk poor integration and underutilization,
which can impede potential sustainability gains (Aceto et al., 2018).

The reviewed evidence also draws attention to persistent barriers that impede the full
realization of sustainability and digital transformation goals in healthcare settings. These
include limited awareness or expertise among nursing staff about environmental impacts,
inadequate leadership training focused on sustainability competencies, and organizational
inertia resistant to change (Bees, 2022; Bass & Riggio, 2006). Addressing these challenges
requires targeted educational programs and institutional policies that empower nursing leaders
to act as change agents and knowledge brokers (Sherman et al., 2020; Rodriguez et al., 2021).

Another significant insight from this review is the alignment of nursing leadership with global
frameworks and guidelines for sustainable healthcare, including the WHO’s Climate-Resilient
Health Care Facilities and NHS England’s Net Zero Carbon Hospital Standards (WHO, 2020;
NHS England, 2020). Nursing leaders are increasingly called upon to interpret and implement
these frameworks in practical, context-specific ways, bridging policy goals with frontline
realities. This reflects a broader trend towards integrating environmental sustainability into
clinical governance and quality improvement activities (Kaynak et al., 2023; Pascale & Jones,
2023).

The COVID-19 pandemic served as both a stress test and catalyst for digital and sustainable
transformations in healthcare. Several studies reported how nursing leadership was
instrumental in rapidly deploying telehealth services, adjusting workflows, and advocating for
resilient infrastructures (Jazieh et al., 2020; Ferrara et al., 2022). This experience highlighted
the need for ongoing leadership development that prepares nursing professionals for future
crises and systemic shifts (Zimlichman et al., 2021).

In conclusion, this review demonstrates that nursing leadership is central to driving healthcare
sustainability and digital transformation. The multifaceted role of nursing leaders involves
inspiring cultural change, managing technological innovation, and aligning local practices with
global sustainability goals. As healthcare systems worldwide face unprecedented
environmental and technological challenges, investing in nursing leadership capacity is both a
strategic priority and an ethical imperative to ensure resilient, effective, and sustainable
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healthcare delivery for the future (Schiavone & Ferretti, 2021; NHS England, 2020; Bass &
Riggio, 2006).

5.0 Conclusion

This systematic review underscores the critical and evolving role of nursing leadership in
advancing sustainability and digital transformation within healthcare systems. Effective
nursing leaders serve as catalysts for change by fostering organizational cultures that embrace
environmental stewardship and the integration of innovative digital technologies. Their
leadership is essential to overcoming barriers related to knowledge gaps, resistance to change,
and resource limitations. Aligning nursing leadership practices with global sustainability
frameworks and technological advancements ensures that healthcare systems become more
resilient, efficient, and patient-centered. As the healthcare sector faces mounting environmental
challenges and rapid technological evolution, investing in nursing leadership development
emerges as a strategic imperative to secure a sustainable and digitally enabled future in
healthcare delivery. Empowering nursing leaders will not only enhance quality of care but also
contribute significantly to achieving broader public health and environmental goals.
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