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Abstract

The growing urgency of the climate crisis has heightened the importance of integrating
sustainability into health education. Allied health professionals are well positioned to
lead sustainable healthcare efforts, yet evidence suggests a persistent gap between student
awareness and formal training. This study explored the perspectives, knowledge, and
attitudes of Portuguese allied health students regarding sustainability. An online and anony-
mous cross-sectional survey was conducted among undergraduate and graduate students
across multiple allied health disciplines. The questionnaire assessed general knowledge,
perceptions of curricular integration, and attitudes toward sustainable clinical practice. A
total of 247 (response rate of 8.23%) students participated, with the majority expressing
high concern about climate change and strong support for environmentally responsible
healthcare. However, the results revealed inconsistent awareness of healthcare’s environ-
mental footprint and a limited exposure to structured sustainability education. Friedman
tests indicated significant variability in students” knowledge, perceived responsibility, and
curricular experiences. Students identified priority themes for curricular inclusion—such
as the environmental impact of the health system—and recognized their alignment with the
UN Sustainable Development Goals (SDGs), particularly SDG 3 (Good Health) and SDG 13
(Climate Action). The findings highlight the need for the systematic, competency-based
integration of sustainability into allied health curricula to support a climate-resilient and
ecologically responsible future healthcare workforce.

Keywords: sustainability in education; allied health education; climate change; environmental
sustainability; health curricula; student attitudes; sustainable development goals

1. Introduction

Over the years, sustainability has gained significant attention across various indus-
tries, including healthcare. Environmental, social, and economic elements greatly influ-
ence health outcomes, underscoring the growing importance of incorporating sustainable
approaches into healthcare systems [1]. Sustainability in the healthcare sector extends
beyond awareness; it involves advocating for accountability, efficient resource utilization,
and recognizing the broader impacts of healthcare on societies and the environment [2].

Sustainability 2025, 17, 6457

https:/ /doi.org/10.3390/sul7146457



Sustainability 2025, 17, 6457

20f 14

Sorensen et al. [3] stated that coordinated competencies and systemic approaches are es-
sential for health professionals to effectively address the health impacts of climate and
environmental change. Allied health professionals are uniquely positioned to promote
sustainable practices due to their diverse roles in providing diagnostic services and patient
support throughout the healthcare system [4,5]. Equipping healthcare professionals with
the knowledge and skills to recognize and promote sustainability is crucial because their
daily practices have a direct impact on the use of resources, the generation of waste, and the
healthcare sector’s overall carbon footprint. Well-prepared health practitioners can make
informed decisions that help reduce environmental harm, conserve natural resources, and
simultaneously contribute to better public and individual health outcomes [3]. Integrating
sustainability concepts into allied health education not only mitigates the environmen-
tal impact of clinical practice but also fosters improved long-term health outcomes. By
advocating for strategies that address climate change and resource scarcity, allied health
professionals can actively contribute to a healthier and more sustainable future, for example,
through waste reduction, sustainable procurement, and patient education on environmen-
tally friendly practices [6,7]. As such, the integration of sustainability into allied health
curricula has become an educational imperative. Curricular reform efforts must aim to
embed sustainability as a foundational principle in professional training—not only to de-
velop environmental competence but to ensure future clinicians can translate these values
into daily practice. Gupta and Shantharam [8] conducted a survey among U.K. medical
students and found that although 93% recognized climate change as a societal concern,
only 1.8% had received formal education on sustainable healthcare, and merely 3.1% felt
confident in answering related exam questions. These findings reflect a broader educational
gap in aligning environmental awareness with practical training. Similarly, a recent scoping
review by Ccami-Bernal et al. [9] revealed that while students generally understand the
significance of climate-related health risks, their formal knowledge of mitigation strategies
and sustainability in clinical decision-making is inconsistent. This gap highlights a critical
need for structured, evidence-based approaches to sustainability education across allied
health disciplines. Accordingly, institutional reports echo this call to action. The Council
of Deans of Health [5] concluded that sustainability remains unevenly integrated across
pre-registration allied health programs in the United Kingdom. The report outlines five
foundational areas—such as understanding the interconnection between nature, health, and
humans—and six guiding principles for embedding sustainability into curricula, including
outcome-based design and pedagogical diversity. However, challenges persist, including
overloaded curricula, limited faculty development, and insufficient assessment strategies
that hinder the systematic inclusion of sustainability topics. While the existing literature
has explored sustainability awareness among medical and nursing students, limited re-
search has addressed this topic in the context of allied health education. Although previous
studies, such as Aleixo et al. [10], have examined higher-education Portuguese students’
perceptions of sustainable development in general, to the best of our knowledge, there is
no published research focusing specifically on students in the field of allied health. This
gap highlights the relevance of the present study, which seeks to deepen the understanding
of how sustainability is perceived within regulated health professions, providing insights
that remain largely unexplored in the national context. Therefore, this study aims to assess
the perspectives, knowledge, and attitudes of allied health students towards sustainability.
In the future, by identifying students’ baseline attitudes and knowledge, this study will
contribute to highlighting opportunities to more fully integrate sustainability into allied
health curricula, thereby fostering a future healthcare workforce capable of contributing to
a more resilient and environmentally responsible health system.
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2. Materials and Methods
2.1. Study Design

This exploratory study employed a cross-sectional survey design to gather data on
Portuguese allied health students’ perspectives, knowledge, and attitudes regarding sus-
tainability. The design was chosen because it is appropriate for capturing self-reported
perceptions at a single point in time and for identifying patterns that may inform future
curriculum development.

2.2. Participants

In Portugal, there are 18 allied health regulated professions, namely, clinical and public
health laboratory technician; pathology, cytology, and thanatology technician; audiolo-
gist; cardiopulmonary technician; dietitian; pharmacy technician; physiotherapist; oral
hygienist; nuclear medicine technician; neurophysiology technician; orthotist-prosthetist;
orthoptist; dental prosthetics technician; radiology technician; radiotherapy technician; en-
vironmental health technician; speech therapist; and occupational therapist. It is important
to note that these regulated professional titles are distinct from the undergraduate degree
programs that grant access to them, as some programs may qualify graduates for multiple
professional roles.

This study was conducted at a large public higher education institution in Portugal,
dedicated primarily to allied health sciences. In addition to its core allied health programs,
the institution also offers degrees in related health science fields. A convenience sam-
pling strategy was applied, with all students enrolled in undergraduate programs at the
institution invited to participate (~3000). This non-probabilistic approach was deemed
appropriate given the exploratory nature of this study and the practical constraints of
reaching a broad cross-sectional sample. Recruitment targeted students across various
years of study, from first-year students to those nearing graduation and recent gradu-
ates to provide a comprehensive understanding of sustainability awareness and attitudes
throughout their education.

2.3. Questionnaire Development and Structure

A structured questionnaire was developed to assess students’ general knowledge, atti-
tudes, and perceptions regarding sustainability within the context of allied health education
and future professional practice. The instrument was adapted and expanded based on four
sustainability surveys used in higher education contexts, incorporating domain-specific ele-
ments relevant to health sciences and environmental impact [8,11-13]. The instrument was
reviewed for content validity by academic experts in sustainability as well as allied health
education and was previously tested by Saude et al. [14]. The final version of the question-
naire was composed of four sections: (A) demographic and academic profile, where were
included items on gender, age group, year of study, and degree program (covering both un-
dergraduate and master’s-level students in allied health disciplines such as physiotherapy,
medical imaging and radiotherapy, audiology, biomedical laboratory sciences, environ-
mental health, speech therapy); (B) sustainability knowledge and awareness, containing
Likert-scale items (1 = strongly disagree to 5 = strongly agree) evaluating self-reported
understanding of sustainability concepts, awareness of climate change, and perceptions of
healthcare’s environmental impact; (C) perceptions of curriculum integration, including
items assessed students’ exposure to formal education on sustainability, perceived need
for additional training, and perceived relevance of various sustainability-related topics
(e.g., renewable energy, health system emissions, and environmental justice) for curricular
inclusion; (D) responsibility and action in sustainability: professional practice and personal
attitudes, containing items evaluating beliefs about the role of sustainability in clinical
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practice, institutional responsibilities, and barriers to implementation (e.g., costs, lack of
regulation, resistance to change). Additional questions explored students” engagement in
sustainable behaviors and alignment of their academic experience with the United Nations
Sustainable Development Goals (SDGs). All questions were anonymous and employed
close-ended formats, primarily five-point Likert scales, with some multiple-choice ques-
tions for thematic relevance and obstacle identification. It was administered online via
institutional platforms, ensuring compliance with data protection regulations (GDPR).

2.4. Data Collection and Analysis

This study was conducted in accordance with institutional ethical guidelines and
data protection regulations. A favorable opinion was granted by the Institutional Data
Protection Officer (approval code: 2024/90) on 19 September 2024. Informed consent
was obtained digitally, in accordance with best practices for online research. Participation
was therefore voluntary, anonymous, informed, and involved active consent by selecting
mandatory options including “I have read and accept the terms”, thus ensuring compliance
with ethical standards and legal requirements, including the GDPR. The questionnaire
was distributed electronically via institutional email lists and course management systems.
Data were collected over a four-month October 2024 to January 2025 period and exported
to Microsoft Excel and IBM SPSS Statistics 29th version software for analysis. Descriptive
statistics were used to summarize demographic characteristics and Likert-scale responses.

The Shapiro-Wilk test was applied to assess the normality of the response distributions.
As most variables were not normally distributed, non-parametric tests were employed.
The Kruskal-Wallis test was used to compare ordinal responses across sex and academic
year groups. Additionally, a Friedman test was applied to a subset of five conceptually
related Likert-scale items assessing students” general knowledge, environmental awareness,
and perceptions of healthcare’s environmental impact. This exploratory test aimed to
determine whether participants rated these dimensions of sustainability consistently or
with significant variation. Multiple-response items (e.g., perceived barriers, sustainability-
related themes, preferred practices, and selected SDGs) were analyzed using frequency
counts to identify the most frequently endorsed options. Individual items were analyzed
separately, and there was no cumulative score calculation.

3. Results
3.1. Sample

A total of 247 participants completed the survey (8.23% response rate). The majority
were women (81.8%, n = 202), with 44 identifying as men (17.8%), and one respondent
preferring not to disclose their gender. Respondents spanned a range of age groups, with
the largest proportion aged 18-20 years (68.8%). Additional age representation included
students aged 21-23 years (approximately 16%) and a smaller proportion aged 24 or older.
Regarding academic progression, students from all years of undergraduate study were
represented: 29.1% were first-year students, 27.1% were in their third year, and 24.3% in
their second year. Fourth-year students and recent graduates (alumni) comprised 15%
and 4.1% of the sample, respectively. Participants were enrolled across a diverse range of
allied health programs, including medical imaging and radiotherapy, occupational therapy,
audiology, environmental health, clinical physiology, pharmacy, biomedical laboratory
sciences, physiotherapy, and orthoptics. Table 1 shows the demographics of the participants.
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Table 1. Descriptive characteristics of the participants.
Variable/Item * Category Frequency (1) Percentage (%)
Female 202 81.8
Q1 Gender Male 44 17.8
Prefer not to say 1 0.4
18-20 169 69.0
Q2 Age group 21-23 55 22.4
24-26 10 4.1
27+ 11 4.5
1st year 72 29.3
2nd year 60 24.4
Q3 Academic year 3rd year 67 27.2
of study 4th year 37 15.0
Recent graduate/alumni 10 4.1

* Jtems 1-3 were demographic questions of the questionnaire.

3.2. Statistical Analysis

The mean scores (Ms) for the five sustainability-related items ranged from 3.07 to
4.65 (Table 2). Students most strongly agreed with the statement that climate change is
a significant concern (M = 4.65, SD = 0.59), followed by the need for environmentally
friendly clinical care (M = 4.58, SD = 0.61). The lowest agreement was observed for the
belief that daily clinical practice has a negative environmental impact (M = 3.19, SD = 0.88).
The Friedman test indicated a statistically significant difference in response distributions
across these five items, x?(4) = 456.32, p < 0.001. This suggests that participants did not
evaluate all dimensions of sustainability equally. In general, students reported high concern
for climate change and strong support for environmentally friendly healthcare practices,
but their self-reported knowledge and awareness of clinical impact varied more widely.
Despite recognizing broader environmental issues and sustainability ideals, they were
less aware of their direct implications within clinical contexts. Descriptive analysis of
Likert-scale items revealed that students generally demonstrated high levels of environ-
mental awareness and strong sustainability-related attitudes (Table 2). The item “Climate
change is a significant concern in today’s society” received the highest level of agreement
(M = 4.65, SD = 0.58), followed closely by “Environmentally friendly clinical practice is
needed” (M = 4.58, SD = 0.61), indicating widespread concern about planetary health and
a willingness to engage in sustainable clinical behaviors. Students also reported moderate
to high self-perceived awareness regarding their daily environmental impact (M = 4.24,
SD = 0.71), and general knowledge about sustainability (M = 4.17, SD = 0.58). However,
the item “Clinical practice has a negative environmental impact” showed the lowest mean
score among the set (M = 3.17, SD = 0.89), suggesting a gap in understanding how routine
healthcare delivery contributes to ecological degradation. This pattern reinforced the inter-
pretation drawn from the Friedman test: while students expressed high agreement with
broad environmental concerns, there was limited awareness of the environmental footprint
specific to healthcare practices.
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Table 2. Responses to sustainability-related questionnaire items (Likert scale).

Question Response * Frequency (1) Percentage (%) Mean (M) Std. Deviation (SD)
Q4. I have general knowledge 2 2 0.8
about sustainability (I 3 18 7 4
understand its concept and its 417 0.58
relation to well-being and 4 160 66.1
human health). 5 62 25.6
2 2 0.8
Q5. I believe that climate 3 32
change is a significant concern 4.65 0.58
in today’s society. 4 64 25.9
5 173 70.0
2 6 24
Q6. I am aware of my daily 3 26 10.5 40 -
impact on the environment. 4 119 482 23 0.73
5 96 389
1 6 2.4
Q7. Daily clinical 2 42 17.0
practice/ heal'thc;'are delivery 3 114 162 3.19 0.88
has a negative impact on
the environment. 4 68 27.5
5 17 6.9
. . 2 2 0.8
Q8. It is important that daily
clinical practice/healthcare 3 37
. . 458 0.61
delivery is 4 80 325
environmentally friendly. 5 155 3.0
1 22 8.9
Q9. I have formally learned 2 56 22.7
what Sustainability is (for 3 32 13.0
example, through classes or 3.26 1.32
lectures on the topic during 4 62 251
my course). 5 48 194
6 27 10.9
1 1 0.4
Q10. More education on 2 13 53
sustainability and sustainable 3 38 15.4
healthcare is needed in the 4 115 46.6 4.03 085
curriculum of the course.
5 73 29.6
6 7 2.8
1 22 8.9
Q11. I believe there is room in 2 41 167
the curriculum to incorporate 3 66 26.8
education. on sustainability 4 74 30.1 3.29 1.19
and sustainable healthcare.
5 41 16.7
6 2 0.8
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Table 2. Cont.

Question Response * Frequency (1) Percentage (%) Mean (M) Std. Deviation (SD)
2 3 1.2
Q12. I believe that knowledge 3 37 15.0
aboufc sustainability will be 4 118 48.0 416 0.72
important for my
professional future. 5 82 33.3
6 6 24
1 3.7
Q13. If specific training > 20 8.1
opportunities on the topic are
available (workshops, short 3 84 34.1 3.54 0.99
courses, postgraduate 4 86 35.0 . '
progr.ams), I. am 1r.1terested 5 40 163
in participating.
6 7 2.8
1 15 6.1
Q15. I have knowledge about 2 63 25.7
sustainable practices in my 3 75 30.6 3.07 1.04
future profession. 4 75 306
5 17 6.9
1 1 0.4
Q16. I have the responsibility 2 5 2.0
to adopt sustainable practices 3 24 98 415 0.70
in the exercise of
my profession. 4 143 58.1
5 73 29.7
2 2.
Q17. I have the responsibility > 0
to be aware of the 3 18 7.3
environmental impact of my 4 152 61.8 417 0.64
(future) profession.
5 71 28.9
Q18. I believe that healthcare 2 8 3.3
in.stittu’;io?s (pl;bli(c1 and/ i)r1 3 26 10.6
rivate) play a fundamenta 4.16 0.74
P P r}(;le in 4 130 52.8
promoting sustainability. 5 82 33.3
1 16 6.5
Q19. The materials and 2 79 322
consu.mables use.d in 3 103 120 577 0.90
professional practice are
mostly recyclable. 4 40 16.3
5 7 2.9
Q22. I adopt sustainable
o 1 2 8 32
practices in my daily life (e.g.,
e wpaston wducog 3
. ey 4 147 59.5
consumption, using public
transport, etc.). 5 71 28.7
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Table 2. Cont.

Question Response * Frequency (1) Percentage (%) Mean (M) Std. Deviation (SD)
1 24 9.8
Q23. T have participated in 2 64 26.0
some environmental
protection activities related to 3 3 17.5 3.15 1.23
climate change. 4 81 32.9
5 34 13.8
Q24. 1 believe that the 1 4 1.6
educational institutions I
attend /have attended 2 22 8.9
promote and support the 3 79 32.0
adoption of sustainable 4 112 45.3
behaviors and attitudes (for 3.57 0.88
example: raising awareness on
the topic, providing 5 30 121

conditions for waste
separation, etc.).

* 1 = Strongly disagree; 2 = disagree; 3 = neither agree or disagree; 4 = agree 5 = strongly agree; 6 = do not know
(when applicable, this response was not considered for M calculation).

A Kruskal-Wallis test was conducted to examine whether students’ responses to
sustainability-related Likert-scale items differed based on their academic year or gender.
No statistically significant differences were observed for any of the items, either by academic
year (all p > 0.05) or gender. The item with the highest variability by academic year was the
statement “Clinical practice has an environmental impact” (H = 4.94; p = 0.293), although
this result was not statistically significant. These findings suggest a generally consistent
pattern of attitudes and perceptions across the demographic subgroups in the sample. Addi-
tionally, to explore the internal consistency of student responses across thematically related
sustainability items, the Friedman test was applied to three distinct item clusters, which
included five Likert-scale items assessing (1) sustainability knowledge and awareness,
(2) perceptions of curriculum integration, and (3) responsibility and action in sustainability:
professional practice and personal attitudes. Only a subset of questionnaire items was
included in the Friedman analysis due to specific methodological considerations. The test
requires ordinal data from matched groups, making it suitable exclusively for Likert-scale
items that measure conceptually related constructs. Items grouped under the clusters
“Knowledge & Awareness,” “Responsibility & Action,” and “Curriculum Integration” met
these criteria in terms of scale consistency, thematic coherence, and data completeness.
Conversely, the other items were excluded because they used different response formats
(e.g., multiple choice, nominal, or open-ended questions), lacked conceptual alignment
with the clusters, or had excessive missing data—particularly due to the frequent selection
of “I don’t know” responses. This selective approach ensured the statistical validity and
interpretive reliability of the comparisons performed. Table 3 presents the results of the
Friedman test by thematic cluster.
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Table 3. Friedman test results for thematic item clusters.

Thematic Cluster x? (Friedman) p-Value Interpretation
Knowledge and Awareness 456,30 <0.001 Strong variation in how students ‘rate knowledge and
awareness-related items
Curriculum Integration 284.22 <0.001 Divergence in how sfcudggts perceive the integration of
sustainability in curricula
Responsibility and Action 130.68 <0.001 Differences in perceptions of roles and responsibilities

in sustainability

As shown in Table 3, in all three cases, the Friedman test revealed statistically sig-
nificant differences in how students rated the items within each cluster (p < 0.001 for all),
suggesting that student perceptions varied notably across the dimensions of sustainabil-
ity. In cluster 1, knowledge and awareness, students did not respond uniformly across
statements assessing knowledge of sustainability, climate concern, and healthcare’s envi-
ronmental impact. This variation implies that while concern for climate issues was high,
this did not necessarily translate into consistent understanding or perceived responsibility
within the clinical context. In cluster 2, curriculum integration, the largest divergence
was found. Students were most inconsistent in their ratings of how well their program
fosters sustainability skills, from promoting critical thinking to preparing them for future
environmental challenges. This indicates a fragmented or uneven curricular integration,
reinforcing the need for a more holistic and coherent approach to sustainability education.
Finally, in cluster 3, responsibility and action, the significant response variation suggested
that students differentiated the roles that citizens, professionals, and institutions should
play in sustainability efforts. Some responsibilities may be perceived as more actionable or
realistic than others, pointing to a need for clearer framing of individual and professional
agency in curricula.

3.3. Additional Insights on Curriculum, Practices, and Sustainable Development Goals

The results for the responses to the non-Likert scale items (Q14, Q20, Q21, Q25, and
Q26) are also presented. Participants were asked to select organizational measures they
deemed important for promoting sustainability within future or current professional con-
texts (Q21). The most frequently selected strategies included implementing recycling and
waste reduction programs (88.7%), training and awareness campaigns for staff (70.9%),
exams and/or reports submitted in digital format (67.4%), paper printing being limited
and always double-sided (51.1%), and, in the procurement of goods and services, the
organization applying sustainable criteria (49.6%). Conversely, when asked about the
main barriers to the implementation of sustainable practices in the health sector (Q20),
respondents most frequently cited limited funding or financial resources (78.0%), lack of
technical knowledge (46.1%), and resistance to change among staff (41.1%); these findings
indicate that students perceived both structural (financial, managerial) and cultural (resis-
tance, awareness) challenges to sustainability in healthcare organizations. Simultaneously,
they endorsed a range of practical, implementable actions that could be prioritized at the
institutional level. Regarding relevant topics for sustainability education (Q14), the most
frequently selected themes were “New approaches to reduce the environmental impact
of the National Health System (NHS)” (55.4%), “Impact of the NHS on climate change”
(54.3%), “The effect of climate change on health” (59.4%), “Health and pollution: causes
and consequences” (48.6%), “Renewable energy in healthcare” (44.0%), and “Strategic
and systems thinking in health management” (43.4%). In terms of practical application
areas (Q25), participants identified the following as the most conducive to implementing
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sustainable principles: “Conscious consumption (e.g., reduce/reuse/recycle)” (54.7%),
“Water conservation” (53.0%), “Sustainable mobility” (49.4%), “Energy efficiency” (45.3%),
and “Preserving biodiversity” (41.7%). Finally, when asked about to which Sustainable
Development Goals (SDGs) their degree contributes (Q26), the most frequently selected
were Goal 3—Good Health and Well-being (91.4%), Goal 4—Quality Education (53.7%),
and Goal 8—Decent Work and Economic Growth (38.9%). Figure 1, shows the complete set
of responses to Q26.

Q26 - I believe that the (under)graduate program I am attending/have attended contributes to
the achievement of the Sustainable Development Goal(s)

100

%
)]
S

9143

53.71
20 ] 35.43 - 38.86 - ol

— 23.
13.71 1314 1543 1543 14.86

Sustainable Development Goals

Figure 1. Perceived alignment of students” academic programs with the United Nations Sustainable
Development Goals (SDGs).

The results showed a strong association with SDG 3 (Good Health and Well-being),
followed by SDG 4 (Quality Education) and SDG 8 (Decent Work and Economic Growth),
while goals such as SDG 1 (No Poverty) and SDG 2 (Zero Hunger) were less frequently
identified. These results suggested that while the students were personally committed to
sustainability and could identify relevant curricular content and practice domains, there
may be room to further strengthen the perceived institutional alignment with broader
global goals such as the SDGs. A heatmap was employed as a visual analytical tool to
explore and communicate the frequency of co-occurrence between sustainability-related
curricular themes (Q14) and the Sustainable Development Goals (SDGs) (Q26) identified
by students (Figure 2). Given the categorical and multi-response nature of both variables,
traditional statistical tests would not capture the nuanced relational patterns across all
possible pairings. The heatmap enables an intuitive representation of these associations by
using color gradients to reflect the strength of each pairing—darker shades indicating higher
frequencies. This approach allowed for the detection of dominant themes, overlooked SDGs,
and possible gaps or synergies between the perceived relevance of curricular content and
global sustainability priorities. It thus supported exploratory interpretation and data-driven
hypothesis generation, complementing the more formal statistical analyses conducted in
other sections of this study.
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Figure 2. Heatmap of associations between curricular sustainability themes and perceived SDG con-
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tributions. The heatmap displays the frequency of co-occurrence between each of the 12 sustainability-
related themes proposed for curricular integration (Y-axis) and the 17 Sustainable Development Goals
(SDGs) (X-axis), as identified by student responses. Darker cells indicate higher frequencies of associ-
ation. Legend: curricular themes—1. impact of the National Health Service (NHS) on climate change;
2. the effect of climate change on health; 3. established approaches and strategies to reduce the
environmental impact of the NHS; 4. new approaches to reduce the environmental impact of the NHS;
5. renewable energy resources and their usefulness in healthcare; 6. funding sustainable healthcare
and challenges to overcome; 7. additional resources available regarding the environmental impact of
clinical practice/healthcare; 8. health impact assessment; 9. health and pollution: consequences and
causes; 10. mapping and geographic information systems (GISs); 11. climate and health: justice and
ethical-legal aspects; 12. strategic and systems’ thinking in health management.

The co-occurrence heatmap illustrates the frequency with which specific sustainability
themes suggested for curricular inclusion (Q14) were selected alongside particular Sus-
tainable Development Goals (SDGs) identified as relevant to the respondent’s academic
program (Q26). The data revealed a strong perceived alignment between themes related
to environmental impacts of clinical practice and SDG 3—Good Health and Well-being,
as well as SDG 4—Quality Education. For instance, Themes 1 through 6 consistently
showed the highest co-occurrence with SDG 3, reinforcing the health-centered framing
of sustainability among students. Some broader goals—such as SDG 13 (Climate Action)
and SDG 12 (Responsible Consumption and Production)—also emerged as relevant but
with more varied connections across themes. In contrast, SDGs related to social equity
(e.g., SDG 1—No Poverty, SDG 2—Zero Hunger, and SDG 10—Reduced Inequalities) and
environmental systems (e.g., SDG 14—Life Below Water, SDG 15—Life on Land) appeared
less frequently linked to curricular themes, suggesting areas for pedagogical reinforcement.
This visual representation highlights which sustainability goals students intuitively associ-
ated with their academic content and underscored potential gaps in how comprehensively
sustainability was addressed within the health curricula.
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4. Discussion

The findings of this study suggested that this group of allied health students showed
a relatively high level of environmental awareness and personal engagement with sustain-
ability principles. Most participants acknowledged climate change as a critical issue and
expressed general support for eco-conscious practices in clinical settings. However, despite
this awareness, many respondents indicated limited exposure to formal sustainability
education during their training, which may point to a gap between students’ attitudes
and how these topics are addressed within the curriculum. These findings are in line with
broader evidence from Portuguese higher education. Aleixo et al. [10] found that although
university students generally demonstrated pro-sustainability attitudes and behaviors, they
perceived that their institutions could do more to systematically integrate sustainability
topics into formal education. This broader pattern supports our descriptive results and
underscores the need for tailored curricular strategies in allied health programs. Previous
research among health students has shown that, although they recognize the urgency of
environmental health challenges, sustainability has still not been systematically embed-
ded in pre-registration programs across many health disciplines. For example, Ramlaul
and Khine [15] emphasized that health professionals, including radiographers, have the
potential to mitigate the healthcare sector’s carbon footprint, yet note that structured sus-
tainability content remains sparse. Similarly, Field et al. [16] highlight the importance
of curriculum frameworks that clearly define learning outcomes, teaching methods, and
assessment standards for environmental sustainability, particularly in oral health education.
Gupta et al. [8] provided further evidence of this gap through a U.K.-based survey, where
most medical students acknowledged the seriousness of climate change but only a small
proportion felt they had received adequate training on sustainability in healthcare. These
findings broadly align with our descriptive data and underline the possible benefits of
more comprehensive sustainability education within health curricula. In addition, recent
qualitative research by Flock et al. [17] shows that while students perceive climate change as
relevant to future practice, they often feel uncertain about their professional responsibility
in addressing wider systemic sustainability challenges. Huss et al. [11] argue for a humanis-
tic approach to education that fosters reflective learning and agency, empowering students
to act as change agents in their clinical environments. Furthermore, McGibbon and Van
Belle [18] show that curriculum design using problem-based and project-based learning
to tackle real-world environmental problems can effectively enhance students’ capacity
to transfer theoretical knowledge to practice. Our findings align with these perspectives.
Despite limited curricular exposure, the students in our sample demonstrated an ability
to identify relevant sustainability themes (e.g., climate impacts of healthcare, pollution,
and waste) and linked these to the Sustainable Development Goals (SDGs), especially
SDG 3 (Good Health and Well-being), SDG 13 (Climate Action), and SDG 12 (Responsible
Consumption and Production). However, the relatively lower associations with broader sys-
temic goals (e.g., SDG 11: Sustainable Cities, or SDG 9: Industry and Innovation) indicated
a limited conceptual framing of sustainability beyond direct clinical and healthcare activity
impact. As Gandhi et al. [19] pointed out, sustainability education should go beyond the
transmission of knowledge to help learners balance environmental, social, and economic
factors when making professional decisions. Considering these descriptive insights, we
suggest that allied health curricula could be strengthened by clearer sustainability compe-
tencies, the use of active learning strategies, and greater opportunities for interprofessional
collaboration, as proposed by Soares et al. [20] and Roletto et al. [21]. Such measures may
help translate students” awareness into practical readiness for sustainable practice. Indeed,
the application of the Friedman test across thematic clusters revealed significant differences
in how students rated items related to knowledge, responsibility, and the curriculum. These
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results may reflect a fragmented internal structure in students’ sustainability perceptions.
While the majority supported sustainability principles in general, their responses suggested
differences in conceptual understanding, clarity about professional roles, and exposure
to relevant content. Taken together, these descriptive results reinforce the importance
of developing a more coherent and integrated approach to sustainability education that
bridges the gap between awareness and professional practice.

5. Conclusions

This study contributes to a growing body of evidence highlighting the need to
strengthen sustainability education in health programs. Despite showing a relatively
high degree of environmental concern and a willingness to engage in sustainable practices,
the students reported inconsistent exposure to formal sustainability content and expressed
a clear desire for better integration into their training. These descriptive findings support
this study’s initial objective by illustrating a mismatch between students” awareness and the
structured opportunities provided by curricula, pointing to the need for a more coherent
approach to embed sustainability-related competencies in allied health education. This gap
reinforces the importance of revising curricula to offer more practical, interdisciplinary, and
systems-based learning opportunities that can translate students’ motivation into concrete
professional action. However, this study is not without limitations. Being cross-sectional
in design, it captures student perceptions at a single point in time, which may not reflect
longitudinal changes or curriculum evolution. The use of self-reported measures may also
introduce response bias, and the sample, although diverse, may not be representative of all
allied health programs nationally or internationally. Future research should explore the
longitudinal impact of sustainability training on professional behaviors after graduation
and assess the effectiveness of specific pedagogical strategies (e.g., simulation, service
learning, or interprofessional modules). Additionally, comparative studies across institu-
tions and disciplines could shed light on structural facilitators and barriers to embedding
sustainability more systematically in health education.
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