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ABSTRACT

Background & Aims: In the management of inflammatory bowel disease (IBD), resource-intensive procedures,
such as endoscopy and treatment with biologics, substantially increase the environmental footprint.
Understanding patients’ perceptions on sustainable healthcare is crucial to develop climate-friendly policies.
We explored perspectives on climate change and healthcare in patients with IBD using a cross-sectional survey.
Methods: A web-based questionnaire was distributed to the Crohn and Colitis Netherlands panel and
shared on their social platforms. The questionnaire included 27 items covering climate-related knowledge,
concerns, sustainable behavior, the healthcare system’s role in climate change, opinions on sustainable
treatment alternatives, demographics, and IBD history. Descriptive statistics were used to summarize patient
characteristics and responses. Cluster analysis was performed to identify subgroups with similar perspectives.
Results: The analysis included 498 responses. A majority (72.5%) expressed concerns about climate change
and 78.1% engaged in sustainable behaviors. Whilst 58.4% of patients preferred not to receive background
information on sustainability when choosing between treatments, 71.3% would opt for the most sustainable
treatment, 85.7% support reusable medical materials, and 77.1% would be willing to adjust their current
IBD treatment to a more sustainable option. Support for sustainable healthcare practices was more divided
when measures involved personal inconvenience. We identified three clusters with varying perspectives
on sustainable healthcare practices. In the cluster with the most positive perspective on climate-friendly
healthcare, patients were more often higher-educated, had more baseline knowledge on climate change, and
already made sustainable choices in their daily life.

Conclusions: IBD patients are concerned about climate change and generally support sustainable healthcare
practices, provided these do not compromise their health or cause personal inconvenience.

Key words: sustainability — patient preferences — environment — climate change — Crohn’s disease —
ulcerative colitis.

Abbreviations: CC-panel: Crohn & Colitis Netherlands research panel; CO,: carbon dioxide; GP: general
practitioner; IBD: inflammatory bowel disease; IBD-U: inflammatory bowel disease-unclassified; IQR:
interquartile range.

INTRODUCTION

The healthcare system,
primarily dedicated to improving
health, is paradoxically a
significant contributor to climate
change. It is responsible for
5% of global net emissions, a
proportion that is even larger
in industrialized countries [1].
Climate change remains one of
the most pressing challenges
today, with far-reaching

consequences for public health, ecosystems, and economies
worldwide. As a result, there is an increasing movement within
the healthcare sector to adopt sustainable practices, reduce its
carbon footprint, and implement climate-friendly policies.
Accordingly, an emerging field of research in the area of
gastroenterology is focused on identifying means to reduce its
environmental footprint [2]. As a resource-intensive medical
specialty, gastroenterology generates the third highest amount
of hospitals’ waste [3], for instance due to the high volume
of endoscopic procedures. Previous research has found that
one diagnostic colonoscopy leads to the emission of 56.4 kg
carbon dioxide (CO,) equivalents [4]. Besides endoscopic
procedures, the use of biologic therapies, for instance those
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used in treatment of inflammatory bowel disease (IBD), can
generate substantial carbon emissions, mainly due to the
energy-intensive production of monoclonal antibodies [5],
and global distribution [6].

Inflammatory bowel disease, mainly consisting of Crohn’s
disease and ulcerative colitis, are chronic inflammatory
diseases involving the gastrointestinal tract. Due to the chronic
and relapsing nature of these conditions, patients with IBD
often require lifelong monitoring and treatment, resulting in
sustained use of healthcare resources. This frequently involves
regular hospital visits, which contribute to the environmental
footprint through patient transport. Moreover, as previously
noted, treatment frequently involves biologic therapies, which
contribute substantially to the environmental impact. Regular
endoscopic procedures to assess disease activity or monitor
for colorectal cancer further in increase the environmental
footprint of IBD care. Conversely, environmental pollutants,
which are increasingly prevalent due to climate change, have
been associated with an increased risk of IBD and adverse
disease outcomes [7].

Consequently, IBD care presents a valuable opportunity to
reduce the environmental impact of both the gastroenterology
department and the healthcare sector as a whole. However, no
studies have explored the patient perspectives on sustainability
in the IBD patient population. Gaining understanding of
patients’ perceptions on the environmental implications
of their treatment and care is crucial for developing new
policies. A recent German study emphasized the importance
of incorporating patient perspectives into climate policies
in healthcare; they demonstrated that patients are generally
supportive of sustainable practices in healthcare, but their
willingness to act tends to decrease when such actions involve
personal costs or discomfort [8]. Therefore, involving patients
with IBD in the development of sustainable healthcare policies
might increase support for sustainable changes, improving both
acceptance and feasibility.

In the current study we explored perspectives on climate
change and healthcare in patients with IBD using a cross-
sectional survey. This questionnaire assessed climate-related
knowledge, worry, sustainable behaviors in daily life, and
opinions on potential sustainable solutions within the
healthcare sector.

METHODS

In this cross-sectional survey study, a web-based
questionnaire was distributed to members of the Crohn &
Colitis Netherlands panel (CC-panel). The CC-panel is a
research panel established by the Dutch patient association,
Crohn & Colitis Netherlands, and it consists of Dutch
patients with IBD who have consented to receive research
questionnaires four to six times per year. The survey was issued
directly to members of the CC-panel and shared on social
platforms of Crohn & Colitis Netherlands on 13-feb-2025.
The survey remained accessible for one month and was closed
on 13-mar-2025.

The questionnaire was developed by the study team (D.O.,
L.H.,and M.D.) and based on a recently published survey study
conducted among gynecology patients in the Netherlands
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[9]. The questionnaire consisted of 27 items in four categories
(two questions on climate-related knowledge, six questions
on climate related worry and relation of climate change to
health and healthcare, 13 questions on sustainable behavior
and opinion on sustainable practices in healthcare, and six
questions on demographics and IBD history). The questionnaire
was in Dutch, and the researchers and the patient association
ensured that the questions were at a Bl language level to be
easily understood by patients. The Dutch questionnaire and
English translation are displayed in the Supplementary file.

After data collection, the data were cleaned. If responses
to open-ended options (e.g. “other, namely”) closely matched
one of the predefined answer choices, the corresponding option
was chosen. Patients were excluded from further analysis if:
they did not complete all questions regarding demographics
and IBD history; did not have IBD; or provided answers not
reflecting sincere participation.

The study was conducted in accordance with the
Declaration of Helsinki and was reviewed by the Research
Ethics Committee of Radboud University Medical Center,
which waived the requirement for ethical approval (2025-
18028). At the start of the survey, informed consent was
obtained from all patients. Patients were informed that all data
was anonymous, and by filling out the survey, they consented
to participation in this study.

Descriptive statistics were used to summarize patient
characteristics and survey responses. Categorical data were
described as number plus percentage, and continuous variables
were reported as medians with interquartile ranges (IQR) due
to non-normal distributions. To identify subgroups of patients
with similar perspectives on climate-friendly healthcare, we
performed clustering analysis including the questions on the
relation of climate change to health and healthcare and opinion
on sustainable practices in healthcare (15 questions, these are
displayed in Supplementary file). Only complete cases were
included in clustering analysis. The number of clusters was
determined using the elbow method and gap-statistic. After
data scaling, K-means clustering was performed with Euclidean
distance, five random initializations and a maximum of 25
iterations. All data were analyzed using SPSS version 29.0.0.0,
and R version 4.4.1 using the following packages: cluster,
NbClust, ggplot2.

RESULTS

In total, 517 participants completed the questionnaire. After
exclusion of participants who did not complete all questions
on demographics and IBD history (n=9), participants who
reported not to have IBD (n=9), and a participant providing
answers not reflecting sincere participation (n=1), 498
questionnaires were included in the final analysis. Baseline
characteristics of these patients are displayed in Table I.

Patients most commonly associated climate change with
global warming (74.7%, n=372), CO, emissions (40.6%,
n=202), and loss of biodiversity (37.8%, n=188). Patients
added 26 additional terms, such as ‘extreme weather’, ‘normal
temperature variation, and ‘overestimation of human impact’
A majority (66.3%, n=330) indicated that they would be able
to explain the concept of climate change to others.
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Table I. Baseline characteristics

Characteristic Patients (N = 498)
Gender *
‘Woman 345 (69.3)
Man 151 (30.3)
Non-binary 2(0.4)
Age (years)* 57 (43 - 67)
Level of education’
Primary school 5(1.0)
Secondary school 77 (15.5)
Vocational education 113 (22.7)
University of applied sciences 187 (37.6)
University 113 (22.7)
Disease’
Crohn’s disease 257 (51.6)
Ulcerative colitis 216 (43.4)
IBD-U 13 (2.6)
Microscopic colitis 11 (2.2)
Collagenous colitis 1(0.2)
Disease duration’
0 - 1 years 17 (3.4)
1 -2 years 20 (4.0)
2 - 5years 66 (13.3)
5 - 10 years 81 (16.3)
10 + years 314 (63.1)
IBD disease course’
Quiescent course 256 (51.4)
Intermittent course 146 (29.3)
Frequently active course 94 (18.9)

"N (%), * median (IQR). IBD: inflammatory bowel disease; IBD-U: IBD-
unclassified.

A majority of the patients (72.5%, n=361) reported worry
about climate change, and most (81.1%, n=404) believed it
could affect a persons’ health. However, a majority (53.9%,
n=268) did not believe that climate change is related to the
onset of IBD, and the largest proportion of the patients (42.4%,
n=211) was neutral regarding climate change impacting their
IBD symptoms.

Most patients (78.1%, n=389) reported making sustainable
choices in their daily lives. The most frequently cited behaviors
were separating waste (72.5%, n=361), reducing energy, gas,
and/or water usage (69.5%, n=346), consuming less or no meat
(54.8%, n=273), and using sustainable energy sources (52.0%,
n=259). Additionally, 36 patients reported other sustainable
choices, such as consuming locally grown and/or biologic foods,
driving an electric car, and choosing not to have children.

A majority (73.7%, n = 367) reported that they considered
contributing to sustainability important, with most cited
motivations being a sense of personal responsibility (94.8%,
n=348), and concern for future generations (59.9%, n=220).

Among the minority of the patients (5.8%, n=29) who
did not find sustainability engagement important, the most
common reasons were a perceived limited impact of individual
actions (51.7%, n=15), and not personally observing climate
change (20.7%, n=6).

A majority of the patients (55.8%, n=278) reported that
they think that the healthcare system has an impact on climate
change, and 70.1% (n=349) agreed that the healthcare system
should lead by example and work sustainably. Similarly, a
majority of the patients (56.0%, n=279) believed that the
healthcare system should inform patients about how to make
sustainable choices.

In contrast, 55.2% (n=275) did not support the idea of
hospitals exclusively providing plant-based food to staff,
patients, and visitors. Responses regarding the use of phone
or video consultations, the responsibility of hospitals for
sustainability, and concerns about reduced choices due to
sustainability measures were more divided, as shown in Fig. 1.

Patients were asked about which aspects of sustainability
they would like to receive information when choosing between
treatments or diagnostic tests. A majority (58.4%, n=291)
indicated that they did not wish to receive any such information.
The preferences of the remaining patients are presented in Fig. 2.

However, 71.3% (n=355) indicated that they would
choose the most sustainable option when selecting between
two equally effective treatments, and most (85.7%, n=427)
supported the use of reusable medical materials if deemed
safe. Additionally, most patients (77.1%, n=384) reported
they would be willing to adjust their IBD treatment to a more
sustainable option, provided that their heath would not be
negatively affected. A slight minority (44.6%, n=222) believed
that patients should have a voice in sustainable healthcare

Distribution of responses

Hospitals should offer only plant-based food options.

| prefer to have all my medical appointments by phone or video call, because it is
better for the climate.

| believe that hospitals, not patients, should be responsible for sustainability in
healthcare.

I am concerned that sustainability efforts might reduce the treatment options
available to me as a patient.

W % Strongly agree W% Agree = % Neutral

0

©
5]
©
o
5 . .
=)

10 20 30 40 50 60 70

% Disagree M % Stongly disagree M % Agree but for other reasons than climate

Fig. 1. Distribution of responses for sustainability measures on which participants were more divided.
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What environmental aspects would you like to be
informed about when choosing a treatment?

| do not want to receive any information
Amount of waste generated

Greenhouse gas emissions

Impact on biodiversity

Water use

Land use

Use of materials like oil, gas, copper or wood
Air pollution

Water pollution

Other, namely
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m%Yes ©%No

Fig. 2. Preferences of patients about environmental aspects when
choosing between treatments or diagnostic procedures.

policies, for example by participating in a patient advisory
board or receiving information when choosing a treatment. An
overview of the responses to all survey questions is displayed
in the Supplementary file.

F ives on in

per cluster

After selecting complete cases only, 489 (98.2%) patients
were included in clustering. Based on the elbow method
and gap-statistic as displayed in Inlocuim cu Supplementary
file, a three-cluster solution was chosen. Using k-means
clustering, cluster 1 (35.6%, n=174), 2 (44.2%, n=216) and 3
(20.2%, n=99) were identified. Fig. 3 visualizes the clusters’
perspectives on sustainable healthcare practices. Baseline
climate- and healthcare-related knowledge and actions are
shown in Fig. 4. Table II compares demographics between
the clusters.

Cluster 1 was characterized by a very positive view on
sustainable practices in healthcare: a large majority of patients
in this cluster would choose or change to the most sustainable
treatment option and support the use of sustainable materials,
if safe. In contrast, cluster 3 had the most negative attitude
towards sustainable healthcare practices, while the views of
patients in cluster 2 were more divided. In both cluster 2
and 3, a large majority did not wish to receive background
information on sustainability of treatment, though cluster 2
was very positive towards sustainable treatment options and
reusable materials.

Would switch to sustainable treatment

Climate change impacts health Healthcare impacts climate change Climate change can worsen IBD symptoms ifno tive health impact
100%- " 1 ‘ ‘ 100%- i " 100%- ¢ . 100%- ‘
75%- 75%- 75% 75%- |
50%- 50%- 50%- 50%-
i I ) ) ) .
. - - & - . Response
g 5 No
Patients should be involved in decision- Wish to receive information Yos
g Would choose sustainable treatment ek oglonis & tainable hisaihicare Accept use of reusable materials if safe on sustainability of treatment " Disagree
Neutral
© 100%- — 100%- ‘ | 100%- ‘ ’ 100%- H Agree
75%- 75%- ‘ 75%- 75%-
50%- 50%- 50%- 50%-
25%- 25%- l 25%- 25%-
o I . N | .
i 2 3 i 2 3 i 2 3 i 2 3
Cluster
Fig. 3. Perspectives on sustainable healthcare practices per identified cluster.
Baseline knowledge of and attitude towards climate change and sustainability per cluster
Able to explain climate change Worry about climate change Make sustainable choices in daily life Important to contribute to sustainability
p<0.01 p<0.01 p<0.01 p<0.01
100%- —T 100%- ————————a—— 100%- —— 100% —_—
% Response
% | Disagree
Neutral
o 50%
& I Agree

Cluster

50%- 50%- 50%-
) I ) . )
1 2 3 1 2 3 1

2!

g

2] 3 1 2 3

Fig. 4. Baseline knowledge of and attitude towards climate change and sustainability per cluster.
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Table II. Baseline characteristics per cluster

Characteristic Cluster 1 (n=174) Cluster 2 (n =216) Cluster 3 (n =99) P
Gender' 0.102
Woman 130 (74.7) 149 (69.0) 59 (59.6)
Man 43 (24.7) 66 (30.6) 40 (40.4)
Non-binary 1(0.6) 1(0.5) 0(0)
Age (years)* 55 (30 - 80) 59 (36 - 82) 58 (36 - 81) 0.162
Level of education’ 0.002
Primary school 0(0) 2(0.9) 3(3)
Secondary school 18 (10.3) 36 (16.7) 20 (20.2)
Vocational education 32(18.4) 49 (22.7) 31 (31.3)
University of applied sciences 71 (40.8) 86 (39.8) 29 (29.3)
University 53 (30.5) 43 (19.9) 16 (16.2)
Disease’ 0.082
M. Crohn 83 (47.7) 108 (50.0) 61 (61.6)
Ulcerative colitis 81 (46.6) 101 (46.8) 30 (30.3)
IBD-U 5(2.9) 4(1.9) 4(4)
Microscopic colitis 5(2.9) 2(0.9) 4 (4)
Collagenous colitis 0(0) 1(0.5) 0(0)

"N (%), * median (IQR). IBD: inflammatory bowel disease; IBD-U: IBD-unclassified.

Accordingly, cluster 3 had generally less baseline knowledge
on climate change and made less sustainable choices in daily
life. The three clusters were comparable in gender, age and
disease, though cluster 1 had the highest percentage of women
and cluster 3 had the highest percentage of people with
Crohn’s disease. The clusters did significantly differ in level of
education; cluster 1 had the largest number of higher educated
people, followed by cluster 2 and 3.

DISCUSSION

This study shows that patients with IBD are concerned
about climate change, and most patients report sustainable
behavior in daily life. A slight majority do not wish to receive
any information on aspects of sustainability when choosing
between treatments. However, most patients generally support
sustainable healthcare practices, provided these do not
compromise their health or cause personal inconvenience.
Through cluster analysis, we identified three clusters with
varying perspectives on sustainable healthcare practices. In the
cluster with the most positive perspective on climate-friendly
healthcare, patients were more often higher-educated, had
more baseline knowledge on climate change and already made
more sustainable choices in their daily life.

Although no previous study assessed climate perspectives
in patients with IBD, research has been performed in other
patient populations. A recent survey study in the Netherlands
of 274 gynaecological patients similarly found substantial
concern about climate change, and 62% of the patients
indicated a preference for the most sustainable treatment
option [9]. However, patients did not prefer sustainable
measures if these caused personal inconvenience, such as
only offering vegetarian food, or replacing in-person visits
with virtual or phone consultations, similar to our findings.

Notably, gynecological patients appear more willing to
receive information about the environmental outcomes of
treatment, such as waste or CO, emissions, with only 22%
expressing a desire not to be informed. This contrasts with our
findings, where 58.4% of patients reported not wanting such
information. A possible explanation is that the gynecological
patients were all females and had a lower median age (36 years)
compared to our sample. In our study, there was no significant
difference in age across the identified clusters, though cluster
1, the most positive towards sustainable healthcare practices,
had the highest percentage of females, possibly accounting
for the greater receptiveness to environmental information,
as observed in the gynecological cohort.

Given that a little over half of the patients in our study
preferred not to receive information about the environmental
consequences of treatment options, it would be valuable to
further explore what climate-related information patients
would want to receive during consultations. In this context,
Scholz et al. [8] conducted a survey study in 399 patients in a
German hospital and found that 55.9% of respondents were
unaware of the healthcare sector’s contribution to carbon
emissions. However, patients expressed significant interest in
knowing the environmental impact of their treatments. The
authors proposed a Nutri-Score-like system that displays the
carbon footprint of medical procedures, which was supported
by 63.2% of respondents.

A study among 1002 Dutch healthcare consumers found
that 73% of patients were unaware of the climate impact of the
healthcare system [10]. In contrast, 55.8% of the patients in our
study was aware of this. This difference may be partly explained
by the fact that our study population consists exclusively of
chronically ill patients who are more frequently in contact with
the healthcare system. As a result, they may have greater exposure
to, or a better understanding of, the environmental consequences
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of medical care. When presented with hypothetical treatment
options, the Dutch healthcare consumers were more likely to
opt for the more sustainable treatment when informed about
its environmental impact. Notably, only 3% of patients had
ever discussed the climate change impact of healthcare with
a healthcare professional. Similar findings were reported in a
survey study of 449 gynecological patients in Germany, where
most of the consultations contained no information about
climate change and health [11].

These findings highlight the need to address climate change
and health during patient consultations. However, studies among
general practitioners (GP) suggest that healthcare professionals
are often hesitant to initiate such conversations due to concerns
about negative patient reactions or jeopardizing their doctor-
patient relationship [12, 13]. In contrast, a recent survey among
Dutch GP patients found no evidence that sustainable treatment
advice leads to lower satisfaction with general care [14],
suggesting that healthcare professionals can feel more confident in
initiating conversations about sustainable treatment alternatives.
Additionally, studies have shown that healthcare professionals feel
they lack sufficient knowledge to engage in such conversations
[12, 13]. This underscores the need for greater education in
climate-related health issues and climate impacts of treatments.

We acknowledge several limitations. First, selection bias
may have influenced our findings. The study questionnaire
was distributed through the Dutch patient association, in
their research panel and on their social platforms. As a result,
the sample may overrepresent individuals with higher levels
of education and those who are more engaged with their
disease or the patient community. Furthermore, the invitation
explicitly mentioned the subject of the questionnaire, which
may have attracted patients with an interest in or strong
opinions regarding climate change and sustainability. Lastly,
the survey relied on hypothetical scenarios, and responses may
not reflect real-world behavior as previous research has shown
a discrepancy between the two [15].

The current study has several strengths. To our knowledge,
itis the first study to explore patient perspectives on sustainable
healthcare practices among patients with IBD. The need and
options for sustainability in IBD care were recently emphasized
by Sharif et al. [16], who outlined key research priorities
to support implementation of sustainable practices. These
included evaluating patient acceptance of interventions such as
telemedicine, an objective that aligns closely with the current
study. The results from the current study provide essential first
description of IBD patients’ perspectives on climate policies
in healthcare, and the environmental implications of their
treatments. The large and well-defined sample of patients
from the Crohn and Colitis Netherlands panel strengthens the
generalizability of our findings for the Dutch IBD population.
Additionally, involvement of the patient association in the
questionnaire design contributed to the use of appropriate
questions and accessible language. The current study highlights
the need of discussing climate change and sustainability during
patient consultations. The willingness most of patients with
IBD to consider more sustainable treatment options indicates
an opportunity to incorporate environmental considerations
into decision-making. To support clinicians in initiating these
conversations, education on climate-related health issues
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and climate impacts of treatments is needed. Additionally,
the lack of reliable data regarding the environmental impact
of medical treatments, and diagnostic procedures limits
clinicians’ ability to make sustainable choices and discuss these
considerations with their patients. Therefore, further research
is warranted to quantify the environmental footprint of clinical
practices, and to develop tools that facilitate environmentally
responsible decision-making in clinical practice. A slight
majority of patients prefer not to receive detailed information
on environmental outcomes of treatments, which suggests that
the given information should be condensed and personalized.
Divided views on sustainable measures involving personal
inconvenience, such as dietary restrictions or remote
consultations, further highlight the need for personalized
approaches. Additional research is needed to better understand
what type and amount of information patients would find
useful. Finally, we underscore the need for further research
on patient preferences in real-world contexts, as hypothetical
willingness may not fully translate into practice.

CONCLUSIONS

Patients with IBD generally support sustainable healthcare
practices, provided these do not compromise their health of
cause personal inconvenience. A slight majority does not wish
to receive any detailed information on aspects of sustainability
when choosing between treatments, but the majority of patients
would opt for the most sustainable option. Patients in the
cluster with a more positive attitude towards climate-friendly
healthcare were often higher educated, had greater baseline
knowledge about climate change, and already engaged in
sustainable behaviors in their daily lives.
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