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INTRODUCTION 

The World Health Organization has 
identified Climate Change as the 
greatest threat to public health in the 21st 
century and a global burden that is 
impacting the health and well-being of 
patients across the lifespan in multiple 
health domains (World Health 
Organization, 2023). Climate change 
exacerbates public health challenges 
through wildfires, heat waves, vector 
borne disease, medication shortages, 

TAKE HOME POINT – A single climate change module integrated into an advanced 
pharmacology course for advanced practice registered nursing students enhanced 
their knowledge and attitudes toward sustainability and climate change. This small-
scale intervention may serve as an example for other healthcare professionals (HCPs) 
to successfully integrate climate change education into their curricula.  
 

ABSTRACT 

Introduction: Climate change plays a 
critical role in global health, emphasizing 
the urgent need to integrate climate 
change education into healthcare 
professional curricula. This small pilot study 
evaluated the integration of climate 
change education into an Advanced 
Pharmacology course for advanced 
practice registered nurse students.  

Methods: Pre- and post-lecture surveys 
were used to assess changes in student 
knowledge and attitude regarding climate 
change and sustainability in healthcare.  

Results: Significant improvements were 
noted in students' knowledge about drug 
classes affecting sweating/hyperhidrosis (p 
< 0.001) and in attitudes toward the 
importance of climate change in nursing 
education (p < 0.05).  

 

Conclusions: These findings demonstrate 
the effectiveness of incorporating climate 
change content into pharmacology 
education and highlight opportunities for 
broader curriculum development to 
prepare healthcare professionals with 
knowledge and skills needs to address 
challenges related to climate change.  
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and other major events (Smith, et al., 
2023, Parums, 2024;). Poor air quality, 
flooding, and sanitation issues further 
increase the risks of heat-related 
illnesses, respiratory and cardiovascular 
conditions, and waterborne diseases 
(Smith, et al., 2023).  

The increasing intensity and frequency of 
these issues directly impact human 
health, strain public health systems, and 
contribute to the global burden of both 
infectious and noncommunicable 
diseases (Parums, 2024). Climate 
change’s impacts on human health is 
further complicated by the many social 
determinants of health, as the health of 
many rural and low-income populations 
across the globe are expected to be 
disproportionately impacted by climate 
change (Ragavan, et al., 2020; Smith, et 
al., 2023; Environmental Protection 
Agency, 2024; Parums, 2024). Additionally, 
the global healthcare system itself is a 
significant contributor to greenhouse gas 
(GHG) emissions and is responsible for 
approximately 5% of GHG emissions 
globally (Or, 2024). 

Healthcare professionals (HCPs) are in a 
prime position to raise awareness of the 
implications of climate change for 
patient care and to address the impacts 
of climate change on patient health, and 
therefore require sufficient knowledge 
and tools to fulfil this role (Kreslake et al., 
2018; Sorensen et al., 2024). For instance, 
resources are available to guide HCPs in 

diagnosis and treatment of heat-related 
illness (HRI), and to educate HCPs on 
understanding how select medications 
may increase the risk of HRI through 
known and theoretical drug mechanisms 
(Mueller et al., 2024).  

International organizations such as the 
Global Consortium on Climate and Health 
Education (GCCHE) have recommended 
integrating climate change into HCP 
curricula (Sorensen et al., 2023); within 
the nursing profession, organizations 
including The International Council of 
Nurses (ICN) have called for immediate 
action from governments, health system 
leaders, and educators to combat 
climate change and to care for affected 
people of climate change across the 
globe (ICN). To support these efforts, 
organizations such as GCCHE and the 
Consortium of Universities for Global 
Health have developed educational 
frameworks such as the Climate 
Resources for Health Education initiative 
and compiled other educational 
resources like the Planetary Health Report 
Card to support integration of climate 
change into HCP curricula. 

Despite these initiatives, there has been 
insufficient progress in integration of 
climate change education into HCP 
curricula and continuing education 
(Sorensen et al, 2023). The authors 
conducted a targeted literature search 
and identified a limited number of studies 
addressing the integration of 
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sustainability and climate change within 
advanced pharmacology courses for 
post-licensure nursing programs. This 
gap in literature supported the 
development of this pilot study, whose 
purpose was to evaluate the impact of 
integrating a single, one-hour climate 
change education module into an 
advanced pharmacology course on APRN 
students’ knowledge and attitudes 
related to climate change and 
sustainability within healthcare using 
pre-and post-lecture surveys.  

METHODS 
Description of the Innovation - Guided by 
a targeted literature review, faculty 
developed a conceptual model to 
support the integration of climate change 
principles into pharmacology education 
for APRNs, emphasizing the bidirectional 
relationship between climate change, 
pharmaceutics, and prescribing patterns. 

These relationships are bidirectional. For 
example, climate change is contributing 
to a rise in respiratory illness, which has 
led to the increased use of rescue 
inhalers and other inhaler therapies 
(Gupta et al., 2024). Conversely, the 
prescribing and use of medications, such 
a pressurized metered dose inhalers 
(pMDI) to treat these conditions, 
contribute to climate change through 
their production, use, and disposal. In fact, 
the greenhouse gas emissions from one 
single pMDI inhaler are comparable to 
driving 180 miles (Fidler et al, 2022).  This 

bidirectional approach highlights a 
feedback loop where clinical decisions 
are both influenced by and contribute to 
planetary health outcomes. 

Students were provided with 1) an 
optional pre-lecture assessment; 2) a 
one-hour lecture that introduced the new 
climate change model and its 
application to major diseases and 
conditions impacted by climate change 
including respiratory illness, HRI, and 
vector-borne diseases; and 3) an 
optional post-lecture assessment 
designed to measure changes in attitude 
and knowledge of climate change and 
pharmacology. This module was 
integrated into the Spring semester 2023 
Advanced Pharmacology Across the Life 
Span course for APRN students.   

Instrument - The identical pre-lecture 
and post-lecture assessment consisted 
of two parts: 

Attitude Assessment: SANS-2 Survey  
The SANS-2 survey evaluates nursing 
student attitudes toward climate change, 
sustainability, and integration of these 
concepts into nursing curricula, and has 
been previously studied in undergraduate 
and graduate nursing students and 
demonstrated good internal consistency 
(Richardson et. al, 2019). We adapted 4 of 
the 5 questions from the survey, and 
responses were required using a 7-point 
Likert scale, where 1 = “strongly disagree”, 
and 7 = “strongly agree”. Faculty received 
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approval from the SANS-2 survey lead 
author, Janet Richardson, for use of the 
survey.   

Knowledge Assessment: Multiple choice 
questions and open-ended questions: 
A series of knowledge-based questions 
were developed by the study authors who 
are faculty within the areas of 
pharmacology, nursing education, and 
climate change.   The knowledge 
assessment consisted of four multiple-
choice questions. These addressed key 
lecture content: (1) identifying drug 
classes that increase 
sweating/hyperhidrosis, (2) drug classes 
that decrease sweating/hyperhidrosis, 
(3) medications associated with 
photosensitivity, and (4) determining 
which inhaler types are most 
environmentally sustainable. Questions 
were designed to assess students’ 
understanding of pharmacologic 
principles in the context of climate-
related health risks. 

Statistical Analysis - Pre-lecture and 
post-lecture survey responses were 
analyzed to evaluate changes in student 
knowledge and attitudes. Knowledge 
question responses were compared 
using McNemar’s test for paired 
categorical data, with odds ratios (OR) 
and 95% confidence intervals (CI) 
reported. Responses to the seven-point 
Likert scale measuring attitudes towards 
climate change were summarized using 
medians and interquartile ranges (IQRs). 

Changes between pre- and post-lecture 
attitudes were analyzed using the 
Wilcoxon rank-sum test, and effect sizes 
(r) were calculated using only complete 
pairs. All significance levels were set to a 
p <0.05.   

Ethical Approval - This project was 
reviewed by the Institutional Review 
Board at Emory University and was 
classified as exempt. To ensure further 
protection for participants, course faculty 
did not include completion of this lecture 
evaluation in the formal grading 
requirements for the course.  

RESULTS 
Demographics - Student demographics 
are shown in Table 1. One hundred and 
thirty-two students were enrolled in the 
course (120 Master of Science in Nursing 
[MSN], 12 Doctor of Nursing Practice 
[DNP]). Out of the total possible sample, 
57 (43%) participated in the pre-lecture 
survey and 41 (31%) participated in the 
post lecture survey.  

Knowledge - The results of the knowledge 
questions are shown in Table 2.  The 
proportion of students correctly 
identifying which drug classes decrease 
sweating/hyperhidrosis significantly 
increased from 87.7% to 97.6% (p<0.001). 
While increases in knowledge were 
observed for identifying the most 
environmentally friendly inhaler, drug 
classes increasing photosensitivity, and 
drug classes associated with increased  
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Table 1: Course enrollment by Program and 
Specialty Track in the Spring 2023 APRN Advanced 
Pharmacology Course 
Program Student Specialty Track No. 
MSN Adult/Gerontology Acute 

Care 
10 

MSN Adult/Gerontology Primary 
Care 

20 

MSN Family Nurse Practitioner 38 
MSN Neonatal 8 
MSN Nurse-Midwifery 7 
MSN Pediatric Acute Care 9 
MSN Pediatric Primary Care 9 
MSN Women’s Health & Gender 

Related Care 
18 

MSN Non-degree Graduate 
Student/Certificate 

1 

MSN Total  120 
DNP Adult/Gerontology Acute 

Care 
1 

DNP Adult/Gerontology Primary 
Care 

1 

DNP Family Nurse Practitioner 1 
DNP Nurse Anesthesia 4 
DNP Pediatric Acute Care 1 
DNP Pediatric Primary Care 2 
DNP Women’s Health 1 
DNP Non-degree Graduate 

Student/Certificate 
1 

DNP Total  12 
Total 
Studs 

 132 

 
sweating/hyperhidrosis, these results did 
not reach statistical significance.  
Despite improved overall performance,  
over 30% of students continued to answer 
certain concept-based knowledge 
questions incorrectly. Specifically, the 
pre-lecture question on identifying the 
most environmentally friendly inhaler had 
a post-lecture to 68.3%, and the item 

assessing knowledge of drug classes 
associated with increased 
sweating/hyperhidrosis was answered 
correctly by only 70.0% post-lecture. 
These findings suggest that several 
concepts from the module may require 
additional reinforcement or repetition 
throughout the semester. 

Attitudes -Changes in the students’ 
attitudes are shown in Table 3. Significant 
improvements were observed in students’ 
agreement with the importance of 
climate change for nursing (p<0.05), the 
inclusion of climate change in nursing 
curricula (p<0.05), and the inclusion of 
sustainability in nursing curricula 
(p<0.05). While the median score for the 
importance of sustainability in nursing 
increased, this change was not 
statistically significant. 

DISCUSSION 
This study builds upon current literature 
supporting integrating climate change 
into HCP curricula. Prior studies have 
demonstrated that even short, single 
module interventions can enhance 
student attitude and knowledge on 
climate change and sustainability within 
nursing programs (Álvarez-Nieto et al., 
2024). Our findings indicate that 
integration of climate change content 
into an advanced pharmacology course 
for APRN students positively impacted 
their attitudes and knowledge regarding  
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Table 2: Changes in Knowledge Among Advanced Practice Registered Nursing 
Students After a Lecture Integrating Climate Change Principles into a Pharmacology 
Course 
 Correct  

Pre-Test  
(n=57) 

Correct  
Post-Test 

(n=41) 

 
 

p-values 

 
OR  

(95% CI) 
N Percent N Percent 

Which type of inhaler is 
best for the environment? 

14 24.6% 28 68.3% 0.075 6.61 (2.71–
16.15) 

Which of the following 
drugs can increase the 
risk for photosensitivity/ 
toxicity? 

38 66.6% 33 80.5% 0.052 2.06 
(0.79–
5.33) 

Which of the following 
drug classes can increase 
sweating/hyperhidrosis? 

17 29.8% 25 70.0% 0.06 3.68 
(1.58–
8.57) 

Which of the following 
drug classes can 
decrease sweating/ 
hyperhidrosis? 

50 87.7% 40 97.6% <0.001 5.60 
(0.66–
47.42) 

 
 

Table 3: Changes in Attitudes Among Advanced Practice Registered Nursing Students After 
a Lecture Integrating Climate Change Principles into a Pharmacology Course Using the 
SANS-2 Survey 

 Pre-Test (n=57) 

Median [IQR] 

Post-Test 
(n=41) 

Median [IQR] 

p-value Effect Size 
(r) 

Climate Change 
Important for Nursing 

6.0 [5.0-7.0] 7.0 [6.0-7.0] <0.05 0.28 

Climate Change Should 
be Included in Nursing 
Curricula 

6.0 [5.0-7.0] 6.0 [6.0-7.0] <0.05 0.24 

Sustainability Important 
for Nursing 

6.0 [6.0-7.0] 7.0 [6.0-7.0] 0.08 0.17 

Sustainability Should be 
Included in Nursing 
Curricula 

6.0 [5.0-7.0] 7.0 [6.0-7.0] <0.05 0.23 

 
climate change. Statistical significance 
was observed with three of the SANS-2 

attitude survey questions. While only one 
knowledge-based question achieved 



INTERSECTIONS JOURNAL 

2025 Emory University.  
Authors retain copyright for their original articles.  

ISSN NUMBER: 2836-9130 

7 

statistical significance, improvements 
were seen with the other knowledge-
based multiple-choice questions as well. 

This study had several limitations. First, 
while several attitude-based questions 
had statistically significant 
improvements, the improvement from 6 
to 7 on the Likert scale may have limited 
significance. The pre- and post-lecture 
assessments were optional, and it is 
possible that students with interest in 
climate change or pharmacology may 
have been more likely to participate.  
Additionally, the small sample size, 
resulting from response rates of 43% for 
the pre-lecture survey and 31% for the 
post-lecture survey, was a limitation. A 
higher response rate may have increased 
the power of the study, potentially 
enabling statistical significance across all 
knowledge- and attitude-based 
questions. Another limitation was the 
design of the knowledge-based 
questions, which were primarily designed 
by faculty as multiple-choice and open-
ended questions.  Future validation of 
student knowledge could incorporate a 
combination of formative assignments 
with application of the climate change 
model through case studies, essays, and 
group presentations. 

While the overall improvement in student 
knowledge was positive, there was 
variability across individual knowledge 
items, with over 30% of students missing 
certain concept-based questions. Several 

factors may have contributed to the 
learning variability. First, the lecture 
content was delivered as a single stand-
alone lecture offered midway through the 
semester. This single exposure may not 
have allowed adequate time for learning, 
reinforcement, and retention of new 
concepts. 

Future course designs could include 
longitudinal reinforcement with early 
introduction of the climate change model 
to allow for integration and application 
throughout the semester. Evidence based 
strategies such as spaced repetition and 
cased based multiple-choice questions 
have been shown to support improved 
learning and retention (Price et al., 2025). 
Embedding the climate change model 
across multiple lectures or courses with 
periodic follow up assessments may 
encourage sustained knowledge 
retention over time. 

Currently, faculty are conducting a 
scoping review to further demonstrate 
the gap in knowledge of the bidirectional 
relationship of prescribing patterns, 
pharmaceutics, and climate change 
within the proposed climate change 
model, as well as the adaptability of the 
climate change model for all HCP 
curricula. Future plans include 
assessment of knowledge and attitudes 
toward climate change and sustainability 
amongst a variety of HCP learners, with 
the goal of implementing the climate 
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change model broadly within HCP 
education.  

CONCLUSION 
Despite the multiple limitations, this small 
pilot study demonstrated improvement in 
APRN students’ knowledge and attitudes 
towards climate change and 
sustainability within healthcare. 
Expanding climate change education 
across all HCP curricula is critical to 
preparing future HCPs to address the 
growing healthcare challenges stressed 
by climate change. Continued research in 
providing educational frameworks and 

models that can be seamlessly applied 
amongst all HCPs is essential in preparing 
the next generation of HCPs to address 
climate change. 

In summary, incorporation of climate 
change content into an advanced 
pharmacology course for APRNs can 
positively change nursing student 
attitudes towards the importance of 
climate change and sustainability. 
Climate change curricula should be 
interwoven amongst all courses of HCP 
education. 
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