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Objective: To assess and compare the knowledge, attitudes, and practices (KAP) toward sustainability among ophthalmic surgeons
and nurses, and to explore factors influencing the implementation of sustainable practices in eye-care delivery.

Design: Cross-sectional observational study.

Setting: Public and private hospitals and eye-care facilities across Saudi Arabia.

Participants: Licensed ophthalmic surgeons and nurses working in public and private hospital settings across Saudi Arabia.
Methods: An online questionnaire assessed sustainability-related KAP using binary and Likert-scale items. Scores were normalized
to percentages and categorized as low, moderate, or high. Group differences were analyzed using independent #-tests and one-way
ANOVA. Perceived barriers and institutional factors were explored descriptively and using Chi-square tests.

Main Outcome Measures: Knowledge, attitude, and practice scores related to sustainable behavior in ophthalmic care delivery.
Results: A total of 83 respondents were included in this study. Ophthalmic surgeons demonstrated significantly higher attitude scores
toward sustainability compared with nurses (66.1% = 7.5 vs 54.1% £ 9, p < 0.001), while nurses achieved higher knowledge scores
(67.1% + 16.8 vs 42.7% + 17.1, p < 0.001). Practice scores were comparable between groups (p = 0.1). Attitude (p < 0.001) and
practice (p < 0.001) scores varied significantly by hospital type, highlighting differences in institutional engagement with sustainable
ophthalmic practices.

Conclusion: Sustainability-related knowledge, attitudes, and practices vary across professional roles and healthcare settings in
ophthalmology. Addressing these gaps through targeted education, multidisciplinary collaboration, and institutional support may
enhance the integration of sustainable practices into routine ophthalmic care and contribute to more efficient and environmentally
responsible service delivery.

Plain Language Summary: This study directly compares sustainability-related knowledge, attitudes, and practices between
ophthalmic surgeons and nurses in Saudi Arabia. While nurses demonstrated higher knowledge levels, surgeons showed more positive
attitudes, highlighting a professional gap between awareness and implementation. Institutional factors, particularly hospital type,
significantly influenced sustainability attitudes and practices. These findings provide role-specific and system-level insights that can
inform targeted educational strategies and policy development to strengthen sustainable ophthalmic care in the region.

Keywords: ophthalmology, sustainable development, health workforce, risk management, environmental health policy, healthcare
systems

Introduction
Sustainability in healthcare has become an increasingly important priority, as the sector contributes substantially to global
carbon emissions and environmental waste." Within healthcare, ophthalmology presents distinct sustainability challenges

due to its reliance on single-use instruments, disposable supplies, and the high volume of procedures performed,
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particularly cataract surgery.” Cataracts remain the leading cause of blindness worldwide, making cataract extraction one
of the most frequently performed surgical procedures. Studies have shown that cataract surgery generates a considerable
carbon footprint and significant waste, largely related to sterile packaging, single-use devices, and resource-intensive
perioperative processes.”* Thiel et al® highlighted the environmental burden associated with ophthalmic surgery and
called for the adoption of more sustainable practices.Despite increasing awareness of healthcare-related emissions,
limited research has explored how ophthalmic healthcare professionals perceive sustainability within eye care. In
Saudi Arabia, where the healthcare sector continues to expand, sustainability in clinical practice remains relatively
underexplored. This study aims to address this gap by examining the knowledge, attitudes, and practices (KAP) of
ophthalmic surgeons and nurses regarding sustainability in their professional settings.

Surgeons and nurses occupy distinct roles within the surgical and clinical environment. Surgeons influence intrao-
perative decisions, including instrument and supply utilization, whereas nurses are closely involved in waste manage-
ment, sterilization processes, and day-to-day operational practices. Understanding whether differences exist between
these professional groups may provide insight into barriers and opportunities for integrating sustainable practices into
ophthalmic care.

This study aimed to assess sustainability-related knowledge, attitudes, and practices (KAP) among licensed ophthal-
mic surgeons and nurses practicing in Saudi Arabia, compare KAP scores across professional roles and hospital types,
and explore perceived barriers and institutional factors influencing the implementation of sustainable practices in
ophthalmic care.

Methods

This was a cross-sectional, observational study conducted using a self-administered, structured online questionnaire to
assess the knowledge, attitudes, and practices (KAP) of licensed ophthalmic surgeons and nurses practicing in healthcare
facilities across Saudi Arabia regarding sustainability in ophthalmic care.

This study adhered to the tenets of the Declaration of Helsinki. The Institutional Review Board of King Khaled Eye
Specialist Hospital and Research Center approved the study protocol (approval number: RP-24141). Informed consent
was obtained electronically from all participants prior to survey initiation. Patients or the public were not involved in the
design, conduct, reporting, or dissemination plans of this research.

The questionnaire was adapted from a previously published KAP instrument assessing sustainability practices in
healthcare settings, with modifications to ensure relevance to ophthalmic practice.’ ® The adapted items were reviewed
for clarity and contextual appropriateness prior to distribution. The questionnaire consisted of three core domains,
knowledge, attitude, and practice, comprising three to five questions per domain, tailored to each profession. The
questionnaire included binary (yes/no) questions and Likert-scale items with varying response ranges (1-3, 1-4, or
1-5), reflecting the format of the adapted instrument and the conceptual differences between domains. Shorter scales
were used for items assessing perceived importance or agreement, whereas broader scales allowed greater discrimination
for attitudinal constructs. Responses were scored using their raw numeric values, with binary items coded as 1 (yes) or 0
(no). To account for differences in scale length and ensure comparability across domains, each participant’s total domain
score was normalized to a percentage of the maximum possible score. Final scores were categorized into three levels: low
(0-49%), moderate (50-74%), and high (75-100%).

Participants were recruited through electronic invitations distributed via hospital mailing lists and professional
ophthalmology networks across Saudi Arabia. No personally identifiable information was collected, and responses
were recorded anonymously through a secure online survey platform. This study employed a convenience sampling
approach, as participation was voluntary and based on survey accessibility. No formal sample size or power calculation
was performed prior to data collection, given the exploratory nature of the study. Incomplete questionnaires were
excluded, and analyses were performed using available data for minor missing responses.

Data analysis was performed using IBM SPSS Statistics for Windows, Version 29.0 (Armonk, NY: IBM Corp).
Descriptive statistics were used to summarize demographic characteristics and KAP distributions. Independent samples
t-tests were used to compare mean KAP scores between surgeons and nurses, and Welch’s #-test was applied when
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variances were unequal. Categorical comparisons (eg., proportion of participants in each KAP level) were analyzed using
Chi-square tests.

Demographic variables included age (grouped as 25-34, 35-44, 45-54, and 55+), years of experience (1-5, 6-10,
11-15, and >15), and hospital type (general hospital, specialized eye hospital, or private hospital). One-way analysis of
variance test (ANOVA) was used to examine the association between KAP scores and these demographic factors,
including age group, years of experience, and hospital type.

Barriers to sustainability were assessed using a multiple-response question, where participants could select one or
more options. Each selected barrier was coded as 1 (selected) or 0 (not selected), and frequencies were calculated
separately for surgeons and nurses. Chi-square or Fisher’s exact tests were used to assess group differences.

Participants’ perceptions of the importance of sustainability were measured using independent Likert-scale items. Due
to differences in scale formats and respondent roles, these questions were analyzed descriptively and reported using
means, standard deviations (SD), and response distributions without statistical comparisons between groups.

Initial analyses were conducted on the full sample to identify overall trends. Where relevant differences emerged,
subgroup analyses were conducted separately for surgeons and nurses to explore profession-specific insights.

Results

A total of 83 ophthalmic healthcare professionals participated in the study. The majority were between 25-34 years old
(50.6%), followed by those aged 35—44 years old (31.3%) then 45-54 years old (16.9%), and just one participant (1.2%)
was aged 55 or older. Females comprised 71.1% of the sample, while males accounted for 28.9%. The professional roles
were relatively balanced, with 51.8% being surgeons and 48.2% nurses. Regarding clinical experience, 44.6% of
participants had 1-5 years of experience, followed by 25.3% with 610 years, 16.9% with 11-15 years, and 13.3%
with over 15 years. The majority were employed at public-specialized hospitals (66.3%), with fewer working in public-
general (22.9%) or private hospitals (10.8%). Most participants performed between 1-10 surgeries per week (65.1%).

Surgeons and nurses generally recognized the importance of sustainability in ophthalmic care. Among surgeons, the
perceived importance of sustainability within ophthalmology relative to other medical specialties was high
(mean=2.3+0.6 on a 3-point scale). Additionally, there was moderate agreement among surgeons that hospital
administrations should prioritize sustainability initiatives (mean=3.9+ 0.8 on a 5-point scale).

Nurses strongly endorsed their role in promoting sustainable practices (mean= 3.6+ 0.5 on a 4-point scale), though
the importance assigned to prioritizing sustainability within ophthalmic nursing specifically was comparatively lower
(mean=1.94+0.7 on a 3-point scale; 67.5%). Formal training in sustainability was limited among respondents. Only
4.7% of surgeons and 25% of nurses reported having received any such training.

In this study, clear differences emerged between nurses and surgeons across the three KAP domains. Nurses scored
notably higher in knowledge (67.1 = 16.8 vs. 42.7 £ 17.1; p < 0.001). On the other hand, surgeons demonstrated a more
positive attitude, with significantly higher scores than nurses (66.1 £ 7.5 vs. 54.1 £ 9; p < 0.001). When it came to
practice, however, the two groups showed no meaningful difference (50.2 + 24.3 for nurses vs. 57.8 £+ 16.6 for surgeons;
p =0.1) [Table 1]. The magnitude of the differences in knowledge and attitude scores was large (Cohen’s d = 1.4 for both
comparisons), indicating substantial role-based variation beyond statistical significance.

Table | Comparison of Mean KAP Scores Between Nurses and Surgeons

KAP Domain | Nurses (Mean £ SD) | Surgeons (Mean * SD) | P-Value

Knowledge 67.1 £ 16.8 4.7 £ 17.1 0.00001*
Attitude 541 £9 66.1 £ 7.5 < 0.001*
Practice 50.2 £ 243 578 £ 16.6 0.1

Notes: p < 0.05 considered statistically significant. *Indicates significant result.
Abbreviation: SD, standard deviation.

Clinical Ophthalmology 2026:20 heeps: 3



AlHilali et al

18%
21%

Good practice

28%

Moderate practice 44%

55%

Poor practice 35%

i, . 0%
Positive attitude D 14%

Neutral attitude 93%

86%

Negative attitude ? 8%
(]

. 68%
High knowledge 16%

. 30%
Medium knowledge 56%

3%
Low knowledge 28%

|

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Nurses M Surgeons

Figure | KAP Score Categories by Profession. Distribution of Knowledge, Attitude, and Practice (KAP) score categories among ophthalmic surgeons and nurses. Each bar
represents the proportion of respondents in each KAP domain, grouped by professional role. Percentages were calculated within each group.

The distribution of KAP score categories among nurses and surgeons are illustrated in Figure 1. Nurses demonstrated
substantially higher knowledge scores than surgeons (68% vs. 16%). Attitude scores were predominantly neutral for both
groups (93% of nurses, 86% of surgeons). Notably, nurses exhibited lower practice performance compared to surgeons
(55% vs. 35%).

The most commonly adopted sustainable practice was the use of reusable instruments (81.4% of surgeons, 72.5% of
nurses; p = 0.3). Other practices, including minimizing energy consumption, reducing water usage, and waste segrega-
tion, were reported less frequently. Importantly, none of the assessed sustainable practices demonstrated a statistically
significant difference between surgeons and nurses (all p > 0.05) [Table 2].

Knowledge, attitude, and practice scores toward sustainability were compared across hospital types using one-way
ANOVA. For attitude scores, respondents from general hospitals demonstrated the most favorable responses, with a mean
score of 67%, and an interquartile range (IQR) of 64% to 71%. In specialized eye hospitals, the mean and median scores
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Table 2 Sustainable Practices Followed by Job Title

Sustainable Practice Surgeons, n (%) | Nurses, n (%) | P-Value
Use of reusable instruments 35 (81.4%) 29 (72.5%) 0.3
Minimizing energy consumption | 16 (37.2%) 15 (37.5%) 0.1
Reducing water usage 16 (37.2%) 9 (22.5%) 0.1
Waste segregation and recycling | 13 (30.2%) 10 (25%) 0.6

Notes: p < 0.05 considered statistically significant.

were 59% and 57%, respectively, with an IQR of 50% to 64%. Private hospitals had the lowest scores, with a mean of
52%, a median of 50%, and an IQR of 46% to 57%. [Figure 2] One-way ANOVA revealed a statistically significant
difference in attitude scores between hospital types (F(2,80) = 9.7, p < 0.001) [Table 3].

Regarding practice scores, participants from specialized eye hospitals again performed best, with a mean of 58%,
a median of 54%, and an IQR of 46% to 77%. General hospital staff showed moderate scores (mean = 53%, median =
46%, IQR = 38% to 69%), while private hospitals had the lowest practice scores (mean = 32%, median = 23%, IQR =
23% to 38%). [Figure 3] The difference in practice scores across hospital types was statistically significant (F(2,80) =
7.4, p = 0.001) [Table 3].

However, the difference in knowledge scores based on hospital type was not statistically significant (F(2,80) = 2.1,
p = 0.1) [Table 3]. Additionally, one-way ANOVA was conducted to assess the effect of age and years of experience on
KAP scores. No statistically significant differences were found across any of the domains for these variables.

Overall, the most frequently reported barriers to sustainability were lack of awareness and difficulty changing
established practices. Lack of awareness was cited by 77% of surgeons and 53% of nurses (p = 0.02). A statistically
significant difference was also observed for “difficulty changing practices,” reported by 58% of nurses compared to 33%
of surgeons (p = 0.02). Other commonly reported obstacles included lack of institutional support (42% of surgeons vs.
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Figure 2 Attitude Scores by Hospital Type. Box-and-whisker plot showing the distribution of attitude scores toward sustainability across hospital types. Median scores were
highest in general hospitals, followed by specialized eye hospitals and private hospitals. The box represents the interquartile range (IQR), the line inside the box indicates the
median, and the “X” denotes the mean. Whiskers show the data range, and dots represent outliers. One-way ANOVA showed a statistically significant difference between
hospital types (p = 0.0001).
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Table 3 ANOVA Summary Table for KAP Domains by
Hospital Type

KAP Domain | F (df Between, df Within) | P-Value
Knowledge 2.1 (2, 80) 0.1
Attitude 9.7 (2, 80) 0.0001*
Practice 74 (2, 80) 0.001*

Notes: ANOVA = Analysis of Variance. F is the test statistic comparing
group variances. df = degrees of freedom (between groups, within
groups). p < 0.05 considered statistically significant. *Indicates significant
result.

43% of nurses), cost of sustainable alternatives (30% vs. 35%, respectively), and time constraints, which were more
frequently noted by nurses (48%) than surgeons (30%). [Table 4 and Figure 4].

Discussion

This study revealed distinct role-based differences in sustainability-related knowledge, attitudes, and practices among
ophthalmic healthcare professionals in Saudi Arabia. Nurses demonstrated significantly higher knowledge scores,
whereas surgeons exhibited more positive attitudes toward sustainability. Practice scores did not differ significantly
between the two groups. Additionally, attitude and practice scores varied by hospital type, suggesting that institutional
context influences the implementation of sustainable behaviors. Overall, participants demonstrated substantial awareness
of sustainability in the operating room (OR), consistent with prior reports indicating strong concern among ophthalmic
professionals regarding OR waste reduction.’

Our findings showed that nurses achieved higher knowledge scores, but lower practice performance compared to
surgeons, despite reporting greater exposure to formal training (25% vs. 4.7%). This pattern is consistent with interna-
tional data: for example, 74% of nurses in Qatar® and 61.6% in Bangladesh’ reported attending waste management
workshops, whereas physicians typically receive little or no formal training in this area.” Nurses’ stronger knowledge
base may reflect their daily involvement in waste segregation, sterilization processes, and disposal practices.

Several factors may contribute to this knowledge—practice gap. Previous studies have identified institutional and
leadership-related barriers to implementation.®'° Nurses may also perceive sustainability responsibilities as additional

Il General hospital [l Specialized eye hospital [l Private hospital

Figure 3 Practice Scores by Hospital Types. Box-and-whisker plot showing the distribution of sustainability practice scores across hospital types. Median and mean scores
were highest in specialized eye hospitals and lowest in private hospitals. The box represents the IQR, the line inside the box indicates the median, and the “X” denotes the
mean. Whiskers extend to 1.5%XIQR, and dots represent outliers. One-way ANOVA revealed a statistically significant difference in practice scores between hospital types (p
=0.001).
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Table 4 Barriers to Sustainability by Job Title

Barrier Surgeons, n (%) | Nurses, n (%) | P-Value
Lack of awareness 33 (76.7%) 21 (52.5%) 0.02*
Cost of sustainable alternatives | 13 (30.2%) 14 (35%) 0.64
Lack of institutional support 18 (41.9%) 17 (42.5%) 0.1

Time constraints 13 (30.2%) 19 (47.5%) 0.1
Difficulty changing practices 14 (32.6%) 23 (57.5%) 0.02%

Notes: p < 0.05 considered statistically significant. *Indicates significant result.

workload and feel they have limited influence in institutional decision-making. For instance, even when nurses are well-
trained in waste segregation protocols, their efforts may be constrained by inconsistent availability of color-coded bins or
the absence of clear hospital-level policies.” Broader healthcare research similarly highlights insufficient collaboration
between training institutions and clinical environments as a contributing factor, with nearly 59% of Pakistani nurses
citing this issue."'

This gap may reflect misalignment between sustainability education and real-world clinical practice.'*'® Bridging this
divide requires more resilient, practice-relevant curricula that embed sustainability principles into undergraduate educa-
tion and continuing professional development. Furthermore, stronger collaboration between researchers, policymakers,
and clinicians is essential. Knowledge brokering has been proposed as an effective strategy to translate research findings
into practical, accessible guidelines; thereby addressing barriers such as limited time and resource.'*'”

Hospital type was another important determinant in this study. Attitude and practice scores were higher in general and
specialized eye hospitals compared to private hospitals, although knowledge scores did not differ significantly. These
findings are consistent with research from Pakistan, where public hospitals demonstrated superior medical waste
segregation practices compared to private hospitals (50% vs. 16%).'® Governance-related factors, including leadership

commitment, staff empowerment, and institutional policies, are crucial to sustainability adoption, as emphasized in
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. . 30%
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Figure 4 Reported Barriers to Sustainability by Job title. Reported barriers to sustainability among ophthalmic surgeons and nurses, presented as percentages. Multiple
barriers could be selected by respondents.
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a recent systematic review of governmental hospitals.'” The observed inter-institutional variations suggest that sustain-
ability is not yet consistently embedded within organizational governance structures. Such inconsistency may pose
a potential system-level risk, including operational inefficiency, regulatory non-compliance, and potential reputational
impact. Integrating sustainability into hospital quality-assurance and accreditation frameworks could reduce these risks
while enhancing institutional accountability.'®

Cost remains a widely cited barrier to sustainability, noted by roughly one-third of our respondents. While initial
expenses can be high, several studies show that integrating green practices can yield significant long-term savings. For
example, one institution saved $60,000-$158,000 annually by reducing red bag waste.!” This may also explain why some
private hospitals with greater upfront resources (eg., Tehran University—affiliated facilities) performed better in certain
sustainability dimensions."”

Looking forward, physicians and nurses can contribute differently to driving change. Surgeons, as decision-makers,
are well-positioned to influence supply utilization, pharmaceuticals choices, and surgical workflows, while nurses play
a critical role in waste reduction and day-to-day implementation of sustainable practices. Integrating structured sustain-
ability modules into ophthalmology residency programs and nursing curricula would provide foundational knowledge
and promote early professional engagement. Additionally, incorporating sustainability indicators into hospital quality
metrics and accreditation frameworks could institutionalize accountability and encourage leadership-driven implementa-
tion. Embedding sustainability into CME programs, hospital induction processes, grand rounds, and professional meet-
ings may further support cultural change within ophthalmology.”® From a policy perspective, formal institutional
guidelines and leadership-driven monitoring systems are essential to embed sustainability into routine practice.

This study has several limitations. It relied on self-reported questionnaires, which may be subject to response and
social desirability bias. Its cross-sectional design limits causal inference, and the relatively small sample size, particularly
within hospital subgroups, may not fully capture the diversity of ophthalmic professionals. Additionally, the voluntary
nature of participation may have introduced selection bias, as individuals with a greater interest in sustainability may
have been more likely to respond to the survey. Finally, as the study was conducted within the Saudi Arabian healthcare
system, the findings may not be fully generalizable to other geographic or healthcare settings with different organiza-
tional structures and policies.

Future research should evaluate interventional and cost-focused strategies. Studies assessing the effect of training
programs on KAP outcomes, combined with cost-benefit analyses of green strategies in ophthalmology, would clarify
how to achieve long-term, cost-effective change. Qualitative research, such as interviews or focus groups, could also
provide valuable insights into the motivations and barriers that shape sustainable practice in ophthalmology. Positioning
sustainability within existing risk-management and policy frameworks will help ensure that environmentally responsible
practices become integral to healthcare quality, safety, and long-term system resilience.

Disclosure
The authors report no conflicts of interest in this work.
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