» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/flgastro-2023-
102497).

!Gastroenterology, Kingston
Hospital NHS Trust, Kingston
upon Thames, UK
2Gastroenterology, Guy's and
Saint Thomas' NHS Foundation
Trust, London, UK

3School of Immunology and
Microbial Sciences, King's
College London Faculty of Life
Sciences and Medicine, London,
UK

*Gastroenterology, Imperial
College Healthcare NHS Trust,
London, UK
*Gastroenterology, Royal
Wolverhampton Hospitals NHS
Trust, Wolverhampton, UK

Correspondence to

Dr Aditi Kumar, Gastroenterology,
Royal Wolverhampton Hospitals
NHS Trust, Wolverhampton WV 10
0QP, UK; aditikumar@nhs.net

Received 14 September 2023
Accepted 1 November 2023
Published Online First

22 November 2023

| '.) Check for updates

© Author(s) (or their employer(s))
2024. No commercial re-use. See
rights and permissions. Published
by BMJ.

To cite: Tavabie O,
Clough J, King J, et al.
Frontline Gastroenterology
2024;15:e37—-e48.

Review

Professional matters

Challenges of developing a green
gastroenterology evidence base and
how trainee research networks can

fill the gaps

Oliver Tavabie," Jennifer Clough,?® Jonathan King,* Victoria Nicholas,*

Aditi Kumar ®°

ABSTRACT

Trainee research networks are a collaborative
effort to enable high-quality multicentre audits or
research that is more widely accessible to trainees.
Such networks lead, design and deliver research
at a far higher scale than could be achieved locally
and are carried out solely by trainees. There is an
increasing focus on delivering research that is not
only environmentally sustainable but also focuses
on areas that can reduce the carbon footprint

of service provision in gastroenterology and
hepatology. In this manuscript, we performed a
scoping review to understand the current evidence
base of the impact of gastroenterology and
hepatology services on the environment as well

as exploring any association between pollution
and climate change with gastrointestinal and

liver disease. We further discuss the barriers that
researchers face in delivering environmentally
sustainable research, the limitation in clinical
guidelines related to practicing environmentally
sustainable gastroenterology and hepatology

and how the trainee research networks are

ideally placed to initiate change by developing,
disseminating and implementing best practice in
‘green Gastroenterology’.

WHAT ARE TRAINEE RESEARCH
NETWORKS?

Trainee research networks (TRNs) are a
collaborative effort to conduct high-quality
multicentre audits or research that is led,
designed and delivered by trainees. The first
UK Gastroenterology trainee network was
created in 2015 in the Midlands and there
are now at least 11 established networks
with many successfully delivering regional
and national projects, publishing in peer-
reviewed journals and presenting their
data at national and international confer-
ences."™ TRNs offer the opportunity for

trainees to work with and learn from peers
at different stages of their training while
also receiving support and guidance from
senior investigators.” More importantly,
TRNs allow trainees to develop their own
ideas and prioritise projects they feel will
impact their clinical practice, rather than
contributing to an established programme
delivered by a clinical or educational super-
visor.

WHAT IS ‘GREEN
GASTROENTEROLOGY"?

As a specialty, gastroenterology has been at
the leading edge when it comes to under-
standing the impact of clinical practice on
climate change, with the British Society
of Gastroenterology (BSG) launching its
climate change and sustainability strategy
in November 2021." A survey led by
the NHS Sustainable Development Unit
reported that 98% NHS staff believe that
healthcare systems should work in ways
which support the environment,'’ and
86% of leading international gastroenter-
ologists believe that climate change repre-
sents a crisis.'”> However, just over half
of gastroenterologists surveyed reported
having made climate-focused changes in
their professional practice, suggesting that
there are a number of barriers we face
when it comes to putting ‘green Gastro-
enterology’ into practice.

WHAT ARE THE CHALLENGES

TO DELIVERING ‘GREEN
GASTROENTEROLOGY"'?

Barriers may be financial, systemic or
behavioural in nature.'” In the current
highly pressured NHS working environ-
ment, the competing demands of clinical
work can consume the time and energy
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required to introduce changes in practice. It is easy to
feel that change is the responsibility of the organisation
rather than the individual, and with only 9% of inter-
national gastroenterology societies having a climate
working group or committee,'? it is clear that leader-
ship is required in setting standards to facilitate change.
Unfortunately, the main limitation for publishing or
setting guidelines on practising in a more sustainable
manner is the lack of sufficient evidence. In 2023,
the BSG, Joint Advisory Group on GI Endoscopy and
Centre for Sustainable Health created working groups
that assigned specific topics to address this issue.
Systematic reviews were performed to assess the data
available for each of the topics and a joint statement
(see online supplemental table 1) published." Prior to
this, the European Society for Gastrointestinal Endos-
copy, published 10 statements pledging recommenda-
tions for the greener practice of gastroenterology and
endoscopy (See online supplemental table 2).>

These statements provide a scaffolding of ideas and
mission statements by which the gastroenterology and
hepatology community can build their practice on.
When analysed alongside other publications looking at
the impact of gastroenterology and hepatology on the
environment, it becomes clear that a shift in routine
practice including improving education, clinical
pathways and rationalising of procedures can have a
marked reduction in carbon emissions. Alongside these
changes, an increased adoption of digital information
sharing with patients and virtual consultations can
have a further positive impact on the environment.’

Financial constraints are significant in many global
healthcare settings, particularly in the wake of the
COVID-19 pandemic. In fact, there are often finan-
cial incentives to undertake activity, which causes harm
to the climate. For example, many national societies
derive income from annual meetings, but these meet-
ings have a significant carbon impact."* While the BSG
has launched a ‘sustainability symposium’, making
climate impact a key message at its meetings, we need
to consider the use of technology to deliver meetings in
amore climate sustainable manner. While some climate
sustainable changes to clinical practice may appear
costly and time-consuming in the short term, they are
likely cost-effective in the long term. For example,
ensuring that patients have been adequately prepared
for an endoscopic procedure through rigorous preas-
sessment and bowel preparation to reduce the chance
of rebooking, and developing systems to safely recy-
cling endoscopic equipment where possible would
likely be cost-saving in the long-term.'!

Furthermore, while there has been an understand-
able focus on endoscopy as a source of much visible
wastage within gastroenterology practice,'* there is a
need to consider other areas that are ripe for change.
For example, lessons learnt from the COVID-19
pandemic in practicing telemedicine or patient-led
follow-up to cut down on travel emissions for patients

and staff.” In fact, recent publications in gastroenter-
ology and hepatology have shown that virtual appoint-
ments can reduce carbon emissions while providing
safe patient outcomes and positive patient satisfac-
tion scores.'®™® Similarly, a move towards subcuta-
neous biologics and novel oral therapies as first line
in inflammatory bowel disease (IBD) could potentially
reduce traffic in our infusion units. The British Asso-
ciation for the Study of the Liver has formalised their
commitment to delivering sustainable care in hepa-
tology, acknowledging that the incipient changes in
climate are likely to increase the global burden of liver
disease.” Examples of sustainable practice include
focusing efforts on prevention of liver disease, delivery
of virtual transplant assessment pathways and iden-
tification of prognostication scores for screening of
patients with stable compensated cirrhosis that could
reduce hospital resource use.

Ultimately, any move towards greener practice
requires collaboration between motivated individ-
uals who have buy-in from stakeholders, and the
time and agency to make changes at a local level—all
of which can feel in short supply in our current clin-
ical practice.

WHAT IS THE CURRENT RESEARCH

AND UNDERSTANDING OF ‘GREEN
GASTROENTEROLOGY"?

Given that healthcare is responsible for 4.4% of the
world’s carbon footprint and that endoscopy is a high-
volume generator of carbon-based waste,” there is a
need to reduce the impact of gastrointestinal and hepa-
tology services on the environment. We performed a
scoping review (see online supplementary methods) to
understand the current evidence base of what has been
done to reduce waste and impact on the environment
across services. A total of eight studies'®™"® 2% were
highlighted (see online supplemental figure 1), which
predominately focused on endoscopy waste manage-
ment (5/8) with the remaining studies exploring the
impact of virtual outpatient appointments (table 1).
While no randomised controlled studies were
conducted, a common finding between studies was no
reports of patient harm where there was a change in
approach to a more environmentally sustainable way
of working. This would suggest that there is likely to
be further scope for innovation to reduce the impact
that our services have on the environment. Impor-
tantly, one study was conducted by a trainee network'®
demonstrating that there is potential for trainees to
lead development in this area.

As a gastroenterology and hepatology community,
we have become increasingly aware of the impact life-
style has on our risk of disease. However, we still have
relatively limited understanding of the impact of the
environment, climate change and pollution on our
risk of developing gastrointestinal and liver disease.
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Table 1 Scoping review of studies directly examining the impact of gastrointestinal and hepatology services on the environment (see
online supplemental table 3 for inclusion/exclusion criteria and search strategy)
Study Setting Design N Outcome
Wanigasooriya Department of Retrospective 1531 patients referred to the ~ Virtual clinic appointments were associated with
etal’ Colorectal Surgery, observational lower gastrointestinal 2week  significantly lower waiting times to appointments,
South Warwickshire NHS  study wait clinic investigations and diagnosis. There were no
Foundation Trust, UK differences in cancer detection rate, treatments
received or time to treatment. Virtual appointments
were associated with significant reductions in carbon
emissions and cost and were acceptable to patients.
Mole et a/"® Department of Retrospective 142 patients who had Telephone appointments led to a total saving of
Colorectal Surgery, observational undergone surgery for colorectal £67 840 over the study period and were associated
Royal Hampshire County study with cancer, 30 who responded to  with high patient satisfaction. The authors
Hospital, UK prospective the survey hypothesise that there was likely a reduction in
patient survey carbon emission compared with conventional
outpatient appointments
King et a/"® Gastroenterology Retrospective 2140 gastroenterology Virtual appointments had lower carbon emissions
outpatients at 11 sites  observational outpatient attendances compared with face-to-face appointments through
across London, UK study a combination of reduced travelling and reduced
investigation request. There were no significant
differences between cohorts for mortality of
admissions
Cunha-Neves et Endoscopy unit at the  Prospective Preintervention=185 endoscopic Following a 1 week intervention including review

al” Algarve University interventional
Hospital Centre, Portugal study

Lopez-Munoz et Endoscopy unit at La Prospective
al” Fe University Hospital,  interventional
Spain study
Yong et al® Endoscopy Department, ~Retrospective
Imperial College observational
Hospital, UK study
Lim et a/** Endoscopy Unit at St~ Prospective
Thomas' Hospital, UK observational
study
Namburar et al”®  Endoscopy units at Prospective
two academic medical  observational
centres, USA study

Establishing an evidence base would allow us to
inform our patients and healthcare policymakers about
the range of risk associated with ongoing pollution and
climate change. We, therefore, performed a scoping
review to further understand the current evidence base
regarding this association (see online supplementary
data for methodology).

A total of 48 studies were identified (See online
supplemental figure 1) which predominately explored

procedures
Postintervention=350
endoscopic procedures

184 endoscopic procedures

11781 lower gastrointestinal
endoscopies

225 endoscopic procedures

278 endoscopic procedures

of data regarding waste management from
preintervention audit, acquisition of recycling bins
and relocation of landfill and biomedical waste bins,
there was a reduction in total and regulated medical
waste and an increase in recycling. This led to a
reduction in the endoscopy unit's carbon footprint

There was significant variation in composition

of commonly used endoscopic tools between
manufacturers including forceps, snares and
haemoclips which impacted their carbon footprint.
A ‘green mark’ was developed as a distance from
potential patient contamination to allow for safe
recycling of tools which led to at 27.44% reduction
in carbon footprint generation

A total of 5125 polyps were removed using 4192
pots. 4563 were less than 1cm with only 6 being
cancerous and 12 demonstrating high-grade
dysplasia. Combining small polyps into a single pot
would reduce pot usage by one third and significant
reductions in carbon emissions.

Trans-nasal endoscopy was associated with low
complications, low discomfort scores and increased
patient satisfaction and adequate procedure
duration and biopsy quality. The authors hypothesise
that transnasal endoscopy would reduce carbon
emissions from endoscopies

Mean waste per endoscopy was 2.11kg with only
9% recycled. Utilising only single use endoscopes
would lead to net increase in waste by 40%.

associations between pollution/climate change and
gastrointestinal/liver cancer’*™*" (22/48), followed by
IBD*7* (11/48), liver disease™*” (9/48) and other
gastrointestinal diseases® *° ®¥73 (8/48) (table 2). All
studies were observational with the majority retro-
spective in design (40/48). A commonality with the
studies was the challenge of eliminating or adjusting
for confounding factors for disease development with
socioeconomic status a clear potential confounder
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Table 2 Scoping review of studies demonstrating associations of pollution and climate change with gastrointestinal and liver disease
(see online supplemental methods for search strategy and online supplemental table 3 for inclusion/exclusion criteria)

Condition(s)
Study Setting studied Design N Outcome
Sun et al*® UK, Finland and Primary liver Mendelian 1120000 individuals No association was demonstrated between
Japan cancer randomisation enrolled into three national PM2.5, PM10, NO, or NO with primary liver
study biobanks cancer. NO was associated with arginase-1 with
may affect hepatocellular differentiation
Chin et al”’ Taiwan HCC Retrospective 940 patients with HCC Increasing levels of both PM2.5 and NO, were
observational study associated with increasing risk of HCC mortality
VoPham et al®®  Areas HCC Retrospective 90359 adults with There was no association between overall dioxin
covered by observational study hepatocellular carcinoma  emissions and HCC. There may be an association
19 US cancer between dioxin emissions from coal-fired
registries power plants and from cement kilns with HCC
prevalence
Soetal® 5 European Liver cancer Retrospective 330064 adults Liver cancer incidence was associated with NO,,
countries observational study PM2.5 and black carbon exposure including at
levels lower than European Union standards
Xue et a*° Texas, USA Liver cancer Retrospective 770 participants derived Over time, there was increasing exposure
observational study from a study exploring to aflatoxin across all groups which was
biomarkers of aflatoxin hypothesised to be due to increasing
exposure and healthy contamination among food sources due to
controls from two unrelated climate change. This may lead to an increased
studies risk in long-term liver cancer risk
Ma et al’' Taiwan Colorectal cancer Retrospective 1,164,962 patients with A dose—response relationship was demonstrated
observational study newly diagnosed diabetes  between exposure to PM2.5 and risk of
colorectal cancer
Fei et al*? Hangzhou, Gastric cancer  Retrospective 9378 adults newly Individual heavy metals exposure did not have
China observational study diagnosed with stomach  an association with stomach cancer. However, a
cancer non-linear association between gastric cancer
and cumulative heavy metal exposure was
demonstrated
Weinmayr et a/*>  seven study Gastric cancer  Meta-analysis 227044 adults Long term to PM2.5 sulphur was associated with
areas across of prospectively an increased incidence of gastric cancer
central collected data from
Europe and ten cohorts
Scandinavia
VoPham et a**  USA HCC Retrospective 56 245 patients with Higher levels of ambient PM2.5 were associated
observational study HCC with background with increased incidence of HCC
population data
Deng et a/*® California, USA  HCC Retrospective 20.221 patients with HCC ~ PM2.5 exposure was associated with increased

observational study

mortality from HCC and disease progression after
diagnosis

Pedersen et al®  Four study Liver cancer Meta-analysis 174770 adults No significant association between air pollution
areas across of prospectively and primary liver cancer was demonstrated
central collected data from although only 279 liver cancers were diagnosed
Europe and four cohorts across these cohorts
Scandinavia

Kachurieta’” 7 Canadian Rectal cancer Retrospective 3131 adults A significant association between diesel emission
provinces observational case- exposure and rectal cancer was demonstrated

control study

Di Ciaula® Apulia region,  Gastric cancer  Retrospective 4,099,547 subjects Deaths from gastric cancer were higher in areas
South Italy observational study within 3km of municipal waste landfills

Pan et a/*® Taiwan HCC Prospective 23820 adults PM2.5 was significantly associated with ALT and

observational study likelihood of HCC

Lopez-Abente  Spain Colorectal cancer Retrospective 120841 adults who died  Significant associations were demonstrated

etal® observational study from colorectal cancer between the prevalence of colorectal cancer

and proximity to the; mining industry, paper and
wood production facilities, food and beverage
sector, metal production and processing
installations and ceramic industry
Continued
e40 Tavabie O, et al. frontline Gastroenterology 2024;15:e37—e48. doi:10.1136/flgastro-2023-102497

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

" jooyasaboysnwseig
V.11-Z39 1uswiredad 1e 520z ‘TZ AeN uo jwodfwa Byy/:dny woly papeojumod "£20Z J18qWIBAON ZZ U0 /6%20T-£202-0115eB1)/9€TT 0T Se paysiignd 1si1) 1|0181U8041SBD 8uljIuo.S


https://dx.doi.org/10.1136/flgastro-2023-102497
https://dx.doi.org/10.1136/flgastro-2023-102497
http://fg.bmj.com/

Professional matters

Table 2 Continued

Condition(s)
Study Setting studied Design N Outcome
Fang et a/*’ British Colorectal cancer Retrospective case- 8707 adults with cancer ~ Colorectal cancer was more common in
Columbia, control study individuals in occupations associated with low
Canada physical activity or significant asbestos, wood
dusts, engine exhaust, diesel emissions and
ammonia exposure than other cancers
Chiu et al*? Taiwan Gastric cancer  Retrospective case- 7020 adults’ deaths Individuals living in municipalities with higher
control study petrol station density were more likely to die from
gastric cancer

Sjodahl eta/®  Sweden Gastric cancer  Prospective 364892 male construction Male workers who developed gastric cancer

observational study workers were more likely to be exposed to cement dust,
quartz dust and diesel exhaust with an increased
incidence observed with increased exposure to
each

Guo et al** Finland Oesophageal Retrospective 1180231 adult census Occupational diesel exhaust exposure was
cancer observational study participants associated with increased prevalence of ovarian

cancer. No association between occupational
diesel exhaust exposure and oesophageal cancer
or other cancers were observed.

Romundstad Norway Pancreatic cancer, Retrospective 5627 men employed for Polycyclic aromatic hydrocarbon exposure was

etal® bladder cancer ~ observational study at least 6 months attwo  associated with increased incidence of bladder

aluminium plants cancer and pancreatic cancer.

Park and Mirer® Detroit, USA  Gastric cancer,  Retrospective 1870 employees of two Deaths from stomach cancer were associated
lung cancer, observational study engine plants with time working in camshaft/crankshaft
haematological production as well as toolroom work. Deaths
cancer, bladder from pancreatic cancer were associated with
cancer, prostate inspection, machining with straight oil and
cancer skilled trades work. Associations were also

demonstrated between specific cohorts and
lung cancer, haematological cancer, bladder and
prostate cancer.

Kusiak et af"’ Ontario, Gastric cancer  Retrospective 50201 male miners An association with gold mining and mortality

Canada observational study from stomach cancer was demonstrated. This
was greatest after 5 years of exposure. After 20
years of exposure, miners born outside of North
America were more likely to develop gastric
cancer than those born in North America.

Chen et af*® UK IBD Retrospective 4708 adults with IBD Increasing exposure to PM2.5 was associated

observational study with increased risk of enterotomy and increased
exposure to NO, NO,, PM10 and PM2.5 was
associated with all-cause mortality

Okafor et a*® California, USA Irritable bowel  Retrospective 5376881 adults Exposure to particulate matter<2.5pum (PM2.5)
syndrome, observational study was associated with a higher incidence of IBS but
IBD, functional not IBD, functional dyspepsia or EoE
dyspepsia,
eosinophilic
oesophagitis

Adami et al*° Italy IBD Retrospective 81363 adults at risk of Increased exposure to PM2.5 was associated

observational study fractures with an increased risk of several immune-
mediated diseases including IBD

Li et al®’ UK IBD Retrospective 48005 adults Increased exposure to ambient PM2.5, PM10,

observational study NO, and NO were associated with increased risk
of UC but not Crohn’s disease

Duan et al*? Beijing, China  UC Retrospective 84000 outpatient There was a significant association between

observational study attendances for ulcerative  short-term exposure to ambient PM2.5 and
colitis increased number of outpatient attendances for
UC with this greatest in younger patients

Ding et a/*? Heifei, China  IBD Prospective 886 patients admitted to ~ PM2.5, 0, and CO exposure were associated

observational two hospitals with IBD with increased admissions with IBD. This was

accentuated in warm periods

Continued
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Table 2 Continued

Condition(s)
Study Setting studied Design N Outcome
Opstelten et al**  Five centres IBD Retrospective 710 adults No significant association was demonstrated
across the observational case- between exposure to air pollution and IBD
UK, Central control study
Europe and
Scandinavia
Manser et al®  Zurich, IBD, infectious Retrospective 2030 patients of all Heat waves were significantly associated with
Switzerland gastroenteritis  observational case- ages with either non- increased hospital admissions for both flares of
control study infection chronic intestinal  IBD and infectious gastroenteritis. Heatwaves led
inflammation, IBD or to an almost immediate increase in admissions
infectious gastroenteritis ~ with IBD. In contrast, admissions for infectious
gastroenteritis peak 7 days after the onset of a
heatwave
Steenland et a/*®  Mid-Ohio, USA  UC Prospectively 32254 adults A significant association was demonstrated
conducted between exposure to perfluorooctanoic acid, an
interviews industrial surfactant used in sealants and home
combined with furnishings, and the development of UC
retrospective
observational data
acquisition
Ananthakrishnan Wisconsin, USA IBD Retrospective 3890 adults admitted to  Total air emissions of pollutants were associated
etal”’ observational study hospital with diagnoses with increased hospitalisations with IBD. Specific
of Crohn'’s disease or air pollutants including carbon monoxide, nitrous
Ulcerative Colitis oxide, sulphur dioxide, PM2.5 and volatile
organic chemicals were all associated with
increased hospitalisations with IBD
Kaplanetal® UK IBD Retrospective case- 367 patients with Crohn’s  Increased exposure to NO,, SO, or PM,  was
control study disease, 591 with UC with  not associated with an increased incidence of
1833 and 2962 matched  IBD. However, increased SO, or NO, may be
controls respectively associated with earlier onset disease.
VoPham et al®  USA NAFLD Retrospective 45433392 hospitalisations Higher ambient PM2.5 exposure was associated
observational study with increased admissions for patients with
NAFLD
Orioli et al®® Rome, Italy Cirrhosis Retrospective 1265058 adults over the  Increased exposure to ambient air pollutants
observational study age of 30 including PM10, PM2.5, NO, and NO was
significantly associated with cirrhosis incidence
Hou et a/®' Henan Liver fibrosis Retrospective 21010 adults Cooking with coal or wood and higher ambient
Province, China observational study ozone level exposure was associated with
increased liver fibrosis with this being greatest
in females
Li et a/*? New England,  Hepatic steatosis Prospective 2513 adults Living closer to a major road was associated with
USA observational study a higher prevalence of hepatic steatosis although
no association with residential-based average
PM2.5 levels and steatosis were observed
Dey et a/*® Assam, India  Abnormal liver  Prospective 46 adults living near an Increased exposure to respirable suspended
function tests observational study oil drilling site, 61 froma  particulate matter and NO, was associated with
control site increased ALT with NO, associated with increased
AST as well
Kim et a/®* Seoul, Korea  Abnormal liver ~ Retrospective 545 attendees over the Increased ambient exposure of PM2.5 was
function tests observational study age of 60 to a community  associated with increased AST, ALT and GGT
welfare centre whereas NO, was associated with increased AST
and ALT and O, was associated with increased
GGT
Hu et a/*® Southeast Abnormal liver  Prospective 952 employees from two  Liver function test abnormalities were more
China function tests observational study coking plants and one wire likely in patients with long-term high coke oven
mesh plant emission exposure and was greatest among
employees with concomitant viral hepatitis (B or
() or body mass index=25kg/m?
Continued
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Table 2 Continued

Condition(s)
Study Setting studied Design N Outcome
Kim et a/*® South Korea ~ Abnormal liver  Retrospective 36151 adults Increases in ALT and AST were associated with
function tests observational study increased exposure to ambient air pollutants
(NOZ’ S0,, CO and PM10) in patients who
drank alcohol. However, only NO, and SO, were
associated with increased ALT and AST in those
who did not drink alcohol
Wu et af’ Taiwan Abnormal liver  Prospective 147 employees High exposure to benzene soluble fraction was
function tests observational study (administrative and coking associated with elevated AST and ALT and this
workers) from two coke association remained significant when adjusted
plants for non-occupational risk factors for abnormal
liver function tests including alcohol exposure
and viral hepatitis
Tsai et af*® Taipej, Taiwan ~ PUD Retrospective 23205 admissions with Admissions were associated with all ambient
observational study PUD air pollutants measured (PM10, PM2.5, SO,,
NO,, CO and 0,) on warm days. On cool days,
admissions were associated with PM10, NO,
and 0.
Chau and Taiwan PUD Retrospective 1700000 medical Increases in exposures to ambient air pollution
Wang® observational study attendances to hospital were associated with increased attendances for a
number of pathologies including PUD
Wu et al Yinzhou, China  PUD Retrospective 211786 hospital Short-term exposure to air pollutants was
observational study attendances for peptic ulcer associated with increased hospital visits for PUD.
disease PM2.5 and carbon monoxide had a cumulative
effect increasing hospital admissions.
Tian et a/”! Hong Kong PUD Retrospective case- 8566 emergency Increases in ambient NO, exposure were
crossover study admissions with bleeding  associated with an increase in admissions for
PUD bleeding PUD
Wong et al” Hong Kong PUD Retrospective 66820 adults over the age  Increasing exposure to ambient PM2.5 was
observational study of 65 associated with increased admissions for PUD.
PM2.5 was associated with gastric ulcers but not
duodenal ulcers
Quan et a/” Calgary and PUD Retrospective 2523 admissions with No significant associations were demonstrated
Edmonton, time-stratified case- upper gastrointestinal between O,, SO,, CO, NO,, PM10 or PM2.5 and
Canada crossover study bleeding secondary to PUD  admissions with bleeding secondary to PUD

IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; EoE, eosinophilic oesophagitis; NO, nitric oxide; NO,, nitrogen dioxide; PM, particulate
matter; HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease; UC, ulcerative colitis; PUD, peptic ulcer disease; ALT, alanine transferase;
AST, aspartate aminotransferase; O,, 0zone; GGT, gamma-glutamyl transferase; SO,, sulphur dioxide.

in the studies examining occupational risk. This is a
potential challenge in understanding the impact of the
environment and climate change on the risk of devel-
oping disease. It is clear that further work is required
to provide better quality evidence to better appreciate
the impact of the environment, climate change and
pollution on gastrointestinal and liver disease.
Unfortunately, while randomised control trials
would allow us to understand causation rather than
correlation, this type of study analysis is methodolog-
ically unfeasible to assist our understanding of these
relationships. However, there are several approaches
that can be used to reduce the impact of confounding
factors. Mendelian randomisation, used in the study
by Sun et al,*® could be employed to better under-
stand the association of pollution and climate change
with gastrointestinal and liver disease.”® The concept
of Mendelian randomisation utilises genetic variants,
which are determined at birth, which are associated

with an exposure of interest, for example, increased
circulating levels of pollutants such as carbon monoxide
(CO), to understand if they are associated with an
outcome, such as a disease of interest.”*”* Multiple gene
targets are usually identified via genome-wide associa-
tion studies and subsequently, analysis can be complex.
While there has been increased funding and support
for TRNs through charities and societies including
GUTS UK and the BSG, this methodology is currently
unlikely to be viable for most TRNs due to the cost and
expertise required. However, using specific genetic
variants can be used to increase outcome events and
provide a better understanding of association between
gastrointestinal and liver disease and pollution/climate
change. Furthermore, this type of study analysis could
allow trainees to collaborate on an international scale
to compare different environmental policies used in
managing the risk of climate change and pollution on
the risk of developing gastrointestinal and liver disease.
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WHAT ARE THE CHALLENGES TO DELIVERING
RESEARCH IN AN ENVIRONMENTALLY
SUSTAINABLE DOMAIN?

Ongoing research is integral to clinical practice but
carries with it a significant burden to the environ-
ment. It is estimated that an average of 78.4 tonnes
of CO, is generated per clinical trial, which is equiv-
alent to the emissions produced by nine people in the
UK for an entire year.” The MRC CRASH trial had
estimated total emissions equivalent to 126 tonnes of
CO,, which is roughly equal to that produced by 32
individuals over a year, or 525 round trip flights to
New York from London.”” The trial centre produced
the largest proportion of CO, (39%), followed by
delivery of drugs and documents (28%) and travel
(23%).” While it can be challenging to deliver
research in an environmentally sustainable domain
given that a large proportion of emissions appear to
be out of the control of individual researchers, they
should still aim to reduce the environmental harm
caused by their activities.

Targets for sustainable practice in laboratories have
been outlined”® but a common barrier described is
lack of knowledge and understanding among clinical
laboratory staff.”” Cold storage in laboratories is one
of the largest energy consumers with materials often
kept in refrigerators and freezers for several years, if
not decades.®® Lab research is also a high producer of
plastic waste, accounting for nearly 2% of total plastic
waste.*’

The National Institute for Health and Care Research
(NIHR) Carbon guidelines have key recommendations
for conducting greener research.*’ These include a
focus on research questions that are most important to
patients and ensuring rigorous systematic review prior
to embarking on research that could be answered from
existing evidence. Non-English-language publications
present a challenge in this respect particularly as China
now has the largest global share of academic publica-
tions, with output increasing by 51% between the years
2016 and 2002%. It follows that a ‘green researcher’
should think two times before excluding them from
literature searches, but translation is equally time-
consuming and costly. Furthermore, regardless of the
research question, there should be a focus on efficient
study design and avoidance of unnecessary data collec-
tion.*! This can be challenging while not compromising
the quality of research. Efficiency can be increased by
answering several research questions in a single trial,
but this is logistically challenging; as demonstrated by
only a small percentage of ongoing NIHR trials being
factorial trials.*! Remote data collection and utilisation
of videoconferencing can help to deliver research in
an environmentally sustainable way by reducing travel.
However, this may not always be feasible and rather
prove to be more challenging for certain demographic
populations such as the elderly and/or low socioeco-
nomic groups.

A significant barrier to conducting green research is
the heavy influence of commercial activity and finan-
cial incentives, which often competes with the aim
to provide significant long-term benefits to patients
and the environment; a fact that is mostly unavoid-
able given the high cost of research. It is particularly
relevant in the field of gastroenterology, with commer-
cial research accounting for 41.8% of studies in the
NIHR Clinical Research Network (CRN) portfolio.*®
Working with over 90 industry sponsors from 2019 to
2020, it gives the specialty one of the largest commer-
cial portfolios in the NITHR CRN.*

The pressure on researchers to achieve publications
in the so-called ‘publish or perish’ phenomenon®*
is in conflict with the green agenda. The focus on
achieving publications rather than producing mean-
ingful research has contributed to the rising number
of publications year on year.®* It is estimated that
just 45% of articles are cited within the first 5 years
of publication,®® suggesting waste from low-quality
or irrelevant research. Meanwhile high-impact jour-
nals tend to be biased towards large-scale studies with
extensive data, rather than simple studies delivered in
an environmentally sustainable way. The carbon cost
of research remains whether it is published or not, but
given duplication of work, it is increased further if it
remains unreported.®' Every effort should be made
to make all data publicly available, but this is in the
hands of journals’ peer-review systems. It is estimated
that at least 12000 trials completed every year remain
unpublished®’ and a systematic review showed that
only 53% of abstracts have full data available after
9years.” There are alternatives to the traditional peer
review process, including postpublication peer review;
however, a huge culture shift will be required for this
to be recognised and respected among the academic
community.

The ‘IBD Bioresource’ is an example of collab-
orative working in an environmentally sustain-
able domain. It is an open-access platform aimed at
advancing research in Crohn’s and ulcerative colitis,
including data from over 25000 patients.*® Samples
were largely collected as part of routine clinical care
and so limiting its environmental impact. The use of
the data is maximised as it is open to any researcher
approved by an ethics committee. Hopefully, there
will be an increase in such collaborative working and
data sharing in the future.

Opverall, the idea that it is the responsibility of the
research facility rather than individuals is a key factor
that needs to change in order to lead to organisation-
wide improvements. Clinical researchers often have
short-term contracts feeling like they have limited time
to make any meaningful lasting changes; however,
they should always consider the environmental
impact of their research when formulating a research
proposal and should aim to evaluate its carbon cost on
completion.

edq

Tavabie O, et al. frontline Gastroenterology 2024;15:e37—e48. doi:10.1136/flgastro-2023-102497

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

" jooyasaboysnwseig
V11739 1uswiredsad 1e 520z ‘TZ AeN uo jwodfwa Byy/:dny woly papeojumod "£20Z J18qWIBAON ZZ U0 /6%20T-£202-0115eB1)/9€TT 0T Se paysi|gnd 1si1) 1|0181U8041SBS 8uljIuo.S


http://fg.bmj.com/

HOW CAN TRNS HELP TO DELIVER A ‘GREEN
GASTROENTEROLOGY' RESEARCH APPROACH?
As part of a new generation of gastroenterologists,
it is vital that we as trainees embed climate-focussed
decision-making into our clinical practice. Trainees
moving between trusts for their specialty training are
required to demonstrate agility and flexibility in their
practice, making them ideally placed to identify and
adopt novel climate sustainable approaches. The inter-
connectedness of TRNs provides a forum in which to
share examples of good practice and to audit between
trusts. In aligning themselves with the BSG’s ‘green’
agenda,'® TRNs will be able to access the support and
resources available through the society, ensuring that
trainees are part of the driving force towards sustaina-
bility in our clinical practice.

Reducing waste is key to the delivery of sustain-
able research, whether that be carrying out system-
atic reviews to avoid duplicating existing research, or
designing clinical trials to answer several questions
through one study. Many of the NIHR’s ‘Carbon
Guidelines’ are applicable to the work of TRNs.®! A
key benefit of research delivered by TRNG is its collab-
orative nature. By having ready access to a group of
engaged trainees from across a region, it is possible to
conduct multicentre observational studies and access a
large potential patient cohort, increasing the chances
of generating a study, which is adequately powered
to observe differences. While gastroenterology TRNs
have yet to deliver a prospective clinical trial, inter-
national trainee-led surgical research networks have
demonstrated that this is feasible.®! As trainees, we are
likely to have had limited involvement in trial design,
so engagement with the NIHR network and local
methodologists is vital to ensure that study design is
efficient, making good use of patient populations and
patient time.

The NIHR Carbon Guidelines recommend
measuring outcomes remotely wherever possible.”
Many TRNs are comfortable with remote moni-
toring, having engaged in data collection using secure
online servers such as RedCAP. In connecting trainees
across a geographic region or nation, TRNs are well
accustomed to meeting virtually to discuss prog-
ress, reducing the impact of travelling to meetings.
Although TRNs typically run on modest budgets, it is
important for trainees to consider funding sources and
to ensure that any industry partners are committed to
green principles.

Finally, we cannot forget that environmental health
is a global issue. Carbon emissions from one country
affects people in another. For gastroenterology (or any
medical or surgical department), to be truly ‘green’
international collaboration must coexist. Given the
aforementioned benefits of TRNs such as remote
collaboration, their regular use of remote monitoring
tools and engaged trainees, TRNs are ideally placed
to lead the way in international quality improvements

Professional matters

in green gastroenterology and beyond. The Royal
College of Physicians currently has 14 registered
TRNs with an additional 27 TRNs registered in the
UK for the surgical specialties. As such, the UK has
vast experience in setting up and successfully running
TRNs. Now is the right time for networks to expand
not just beyond their deaneries but crossing national
and international boundaries as well and green gastro-
enterology is the right reason to do so.

MOVING FORWARDS

Gold standards for endoscopic procedures clinical
practice already exist, which are well known and well
practised. Nationally there are also targets for clinical
pathways and referral times. The same needs to be true
for clinical practice that impacts on the environment.
While societies have started to publish best practice
statements on improving sustainability, more data are
still required to consolidate the evidence in order to
produce impactful guidance and gold standards.

To obtain more robust data and create change, a team
of like-minded individuals needs to come together and
supports change at both the management and grass
root level, building a team of people who first acknowl-
edge the problem; second, are interested in tackling
the issue at hand; and, importantly, will be present at
the time affected by the change.!” The TRN groups
are the ideal team members who can initiate change
by developing, disseminating and implementing best
practice in green gastroenterology—perhaps even in
an internationally coordinated fashion. As Segal et al
wrote in 2022, ‘“The potential of TRNs is clear. What
comes next is in our hands’.’”
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