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ABSTRACT
Background: The doctors of the future need to be empowered to deliver healthcare sustainably
while protecting their patients’ health in the context of a degrading environment. This study
aimed to objectively review the extent and nature of the teaching of planetary health and sustain-
ability topics in UK medical education.
Methods: A multi-centre national review of the timetabled teaching sessions in medical courses in
the UK during the academic year 2020/2021 against the General Medical Council’s adopted
‘Educating for Sustainable Healthcare – Priority Learning Outcomes’. Medical students were
recruited and reviewed the entirety of their own institution’s online teaching materials associated
with core teaching sessions using a standardised data collection tool. Learning outcome coverage
and estimated teaching time were calculated and used to rank participating medical schools.
Results: 45% of eligible UK medical schools were included in the study. The extent of teaching
varied considerably amongst courses. Mean coverage of the 13 learning outcomes was 9.9 (SD:2.5)
with a mean estimated teaching time of 140min (SD:139). Courses with dedicated planetary health
and sustainability sessions ranked best.
Conclusion: There is large disparity in the education that medical students receive on these topics.
Teaching may not adequately prioritise sustainability or reflect advances in planetary
health knowledge.
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Introduction

Medical educators need to prepare doctors for the chal-
lenges they and their patients will face in the coming deca-
des. One major challenge is anthropogenic environmental
change (Romanello et al. 2021).

Environmental change and degradation threaten to
destabilise the fabric of society upon which our health is
so reliant, from global politics to cellular structures. Climate
change is one of the greatest threats (WHO 2022). Future
generations will suffer excess mortality and morbidity
through extreme weather events (Ebi et al. 2021;
Weilnhammer et al. 2021), changing vector ecology
(Caminade et al. 2019), mass migration (Clement et al.
2021), drought and famine (Pokhrel et al. 2021). Global bio-
diversity loss, through soil degradation, urbanisation and
deforestation, will threaten food security (FAO 2019),
increase the incidence of zoonotic disease (Keesing and
Ostfeld 2021) and may even alter the human microbiome
(Cardinale 2012; Mills et al. 2019; Roe 2019). Pollution
already cuts global life expectancy by an estimated 3 years
(Lelieveld et al. 2020; Fuller et al. 2022). And resource

depletion and a harsher global climate will make it harder
for health systems to tackle these forthcoming challenges.

In this context, it is paradoxical that the healthcare
industry is a major contributor to environmental degrad-
ation. In the UK it accounts for around 4–5% of emissions,
close to that of aviation or shipping (Pichler et al. 2019;

Practice points
� Medical education on planetary health and sus-

tainability topics varies widely amongst UK med-
ical schools.

� UK medical education does not necessarily reflect
recent advances in planetary health knowledge

� Greater education focus is required on sustainabil-
ity in healthcare

� Centrally mandated teaching on these topics may
improve disparity in education

� This study’s methodology provides a possible
approach for future curriculum evaluations.
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Lenzen et al. 2020). While the NHS’s commitment to Net
Zero poses movement in the right direction there is much
work still to do and will require systemic organisational
change from students to executives (NHS England and NHS
Improvement 2020).

As well as embracing sustainability, clinicians need to be
empowered to protect their patients’ health in this chang-
ing environment. They need to understand and manage
the direct and indirect impacts of environmental change
on patients’ health. The recent publication and Medical
School Council endorsement of the comprehensive guid-
ance document ‘Education for sustainable healthcare – A
curriculum for the UK’ is a significant step towards embed-
ding these topics into UK medical curricula (Tun and
Martin, 2022). However, to date there is no mandated
coverage of these topics and there have been no compre-
hensive reviews of current UK teaching practices.

In 2013 the term planetary health was coined and later
launched as a concept and science by the Rockefeller
Foundation and the Lancet. Planetary health is defined as
‘the health of human civilisation and the state of the nat-
ural systems on which it depends’ (Whitmee et al. 2015). In
recent years the concept has gained momentum in aca-
demic and medical circles.

In 2019 the Planetary Health Report Card (PHRC), a stu-
dent-led initiative was launched. It measures universities’
performance across a variety of planetary health metrics,
including medical curricula (Hampshire et al. 2022). The
PHRC has gained much traction and has helped raise the
profile of planetary health in medical education.

Given the complexity of analysing and comparing differ-
ent medical school curricula, there is an opportunity for
the utilisation of an alternative robust methodology to
audit medical schools’ inclusion of planetary health and
sustainability topics. This could offer an additional perspec-
tive to the PHRC, facilitate a detailed analysis of current
teaching and further establish a baseline against which
future progress can be measured.

A promising methodology for objectively auditing full
medical curricula was developed for the Global Health
Education in UK Medical Schools (GHEMS) study
(Bandyopadhyay et al. 2019; Incision UK 2020). This involved
employing medical students to act as auditors to independ-
ently review the entirety of their medical school’s teaching
materials against a set of learning outcomes, using a strict
data collection tool. This approach allows for the collection
of highly detailed data and good accuracy; students are well
placed to navigate and understand their respective curricula.
Students, too, benefit from involvement in research (Jacobs
and Cross 1995; Boyle et al. 2017).

To utilise the GHEMS methodology, an appropriate set
of learning outcomes is required. In the last decade, several
sets of learning outcomes have been proposed to help
guide the teaching of planetary health and sustainability
topics (Maxwell and Blashki 2016; GCCHE 2020; Guzm�an
et al. 2021; IMECCS 2021; Shaw et al. 2021; Hampshire
et al. 2022). In the UK, medical teaching must meet the
learning outcomes set out by the General Medical Council’s
(GMC) Outcomes for Graduates (GMC 2018). In 2014, in
response to a request from the GMC, the Centre for
Sustainable Healthcare published ‘Educating for Sustainable
Healthcare – Priority Learning Outcomes’ (Thompson et al.

2014; Centre for Sustainable Healthcare 2014). These are
referenced as further reading in the GMC’s Outcomes for
graduates, see Supplementary Table 1. At the point of ini-
tiating this study these were the only planetary health rele-
vant learning outcomes referenced by the GMC and
therefore represented the closest option to a gold standard
for UK medical education.

Study objectives

The primary objective of this study was to assess the
extent and nature of the teaching of planetary health and
sustainability topics in the core curricula of UK med-
ical schools.

The secondary objectives were:

� To identify a method for use as a future tool for audit-
ing planetary health and sustainability teaching in med-
ical schools.

� To set a baseline performance of planetary health and
sustainability teaching against which to benchmark
future progress.

� To provide feedback to individual medical schools to
identify potential improvements that could be made to
their curriculum.

Methods

The study design was adapted from the GHEMs study
protocol (Bandyopadhyay 2019). The primary difference
was the addition of estimated teaching time and the use
of ‘Educating for Sustainable Healthcare – Priority Learning
Outcomes’. The study design was reviewed by an inter-
national panel of environmental health and public health
educators to ensure a robust methodology. The method-
ology was further refined by a 2019 pilot study of 3 med-
ical schools (Imperial College, University of Bristol and
University of Southampton), feedback from which was
incorporated into the design. The principal change follow-
ing the pilot was the exclusion of elective or student
selected units from the study. As these units were non-
mandatory for all students, it was not possible to accur-
ately identify the proportion of students attending such
teaching sessions. In addition, data collection during the
pilot was considered too labour intensive by the pilot stu-
dent auditors. The study was therefore designed to only
capture core teaching, thereby reflecting all students’
experience rather than those selecting specific units or
modules. Student auditors from the pilot were invited to
help design and facilitate the subsequent study.

All UK GMC-registered medical schools which had
taught a complete course by the end of the academic year
2021 were eligible for participation. Only undergraduate
courses were included in the analysis due to insufficient
data for graduate courses. The word ‘course’ is used here
on to describe undergraduate medical courses, rather than
the term ‘school’ which refers to the medical institution
which potentially provide either or both undergraduate
and graduate courses.

2 J. BEVAN ET AL.

https://doi.org/10.1080/0142159X.2022.2152190


Data collection

Data collection was undertaken by ‘auditors’, drawn from
students from any year of eligible medical schools.
Recruitment was conducted through student groups, social
media sites and direct communication with medical
schools. Students were invited to send in applications that
were reviewed by the research team. The aim was to
recruit two medical students from each eligible medical
school in the UK to act as auditors.

Successful applicants were required to attend a two-part
online teaching session lasting 90min. The first part pro-
vided a ‘climate, sustainability and health crash course’,
covering topics relevant to each learning outcome. The
second part provided training on the use of the study’s
excel-based data collection tool, attached as
Supplementary Materials, and how to obtain permissions
from universities and access to online learning materials.
Auditors were also provided with a flow chart and time-
table for data collection.

Auditors requested a full timetable of all core (not stu-
dent-selected) teaching sessions and associated online
materials for all years of study in the academic year 2020/
2021 from their own medical school. Once access was
obtained, auditors independently assessed all their medical
courses’ teaching sessions against the sub-learning out-
comes (SLOs), see Supplementary Table 1, using the data
collection tool. The research team was available for sup-
port, whilst remaining independent of the auditing pro-
cess itself.

Assessing the extent of sub-learning outcome teaching

Teaching for each SLO was quantified in two ways: cover-
age of SLOs and estimated teaching time (ETT). Universities
were anonymously ranked based on total learning outcome
coverage and ETT.

Coverage was defined as a medical course providing
any teaching relevant to that SLO. No attempt was made
to qualify the depth of coverage as this was considered
too complex and subject to bias.

ETT was calculated as the estimated time spent on
teaching an SLO within a particular teaching session. For
example, in a lecture lasting 60min with 100 slides and 2
slides relevant to an SLO, it was deemed that 1.2min was
spent on this SLO. If more than one SLO was covered in
these slides the estimated time was divided equally
amongst each SLO covered. Estimating teaching time
allowed for greater granularity of analysis beyond that of
binary coverage data.

Estimated Teaching Time

¼ Length of overall teaching session

� Estimated proportion of session time dedicated to

specific SLO

SLOs associated with LO1 were anticipated to have the
most comprehensive teaching as such auditors were asked
to specify exact topics covered in teaching sessions to
allow for more detailed analysis.

Data cleaning and verification

Auditors submitted data sets independently to the central
research team. Each data point was individually checked by
one member of the research team to confirm it matched
the description of the learning event provided by the audi-
tor. In cases of ambiguity, the auditor was contacted for
clarification. For courses where there were two data sets
provided, these were manually merged to ensure no dou-
ble counting. Auditor descriptions of teaching events were
also used to establish if the medical course had dedicated
core sustainability or planetary health teaching sessions.

Presenting back to faculties

Auditors were given individualised presentation packs to
deliver to their faculty. Information within these presentations
included individual course rankings, detailed analyses of SLO
coverage and ETT compared to the participating course aver-
age. These packs also highlighted opportunities for improve-
ment and provided references to useful resources.

Results

Learning outcome data was collected for 45% (14/31) of
eligible medical schools, see Figure 1. ETT data was avail-
able for 13/14 of participating courses and as such, ETT
analysis only refers to these courses.

The teaching of learning outcomes

Amongst participating medical courses there was mean
coverage of 9.9 (SD:2.5) and median of 10 (IQR:8.5–12) of
the 13 SLOs. 35% of courses covered fewer than 10 SLOs.
Only one medical course covered all 13 SLOs. The mean
ETT on all topics related to SLOs was 140 (SD:139) min
with a median of 100 (IQR:74–149) min with a range of
35–566min. ETT and mean coverage varied considerably
amongst SLOs, see Figure 2.

Most of the ETT of the SLOs was spent in the traditional
preclinical years 1 and 2 of study. In these years, teaching
on LO1 constitutes 66% percent of total SLO ETT.
Proportionally, ETT of LO2 and 3 increase in the later years
of study, see Figure 3. Overall, 84% of total ETT on these
topics was through lectures and 13% through smaller
group sessions.

Learning outcome 1 analysis
LO 1 had the best coverage, with all universities covering
at least 3 of the associated SLOs with a mean coverage of
95% (SD:8%) and median of 100%. Mean ETT for associated
SLOs was 86 (SD:99) min with a median of 55
(IQR43:73) min.

Detailed analysis of SLO 1c showed that the most
taught environmental mechanism by which human health
is affected by environmental change was ‘air quality and
pollution,’ see Figure 4. ETT on this mechanism related
mostly to respiratory health (66%), oncology (16%) and car-
diovascular health (8%). See Supplementary Table 2. The
least discussed environmental mechanisms were biodiver-
sity loss and allergens, see Figure 4.
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Learning outcomes 2 and 3 analysis
SLOs associated with LO2 and LO3 had a mean coverage
of 70% (SD:27%) and 64% (SD:26%), respectively. Mean ETT
for associated SLOs were 34 (SD:29) min and 20 (SD:19)
min, respectively. One university did not cover any SLOs
associated with LO3.

Ranking of medical courses

Universities were ranked according to the total coverage of
learning outcomes, then by ETT, see Figure 5.

50% of courses had dedicated sustainability teaching
sessions and 57% had sessions on planetary health. Overall,
the courses which covered the most SLOs and had the
most ETT were those which had both dedicated planetary
health and/or sustainability teaching sessions as well as
topics interweaved throughout the rest of the course.
Those that performed worst had no dedicated sessions,
with teaching mainly focusing on traditional environmental
and occupational health topics with little reference to cli-
mate and sustainability throughout the course.

Discussion

This study attempted to objectively quantify the level of
planetary health and sustainability relevant teaching at UK

medical schools. Among the 14 participating medical
courses there was widely varying coverage and ETT of
SLOs. The results are important for both participating and
non-participating medical schools, education leads and
policymakers.

Disparity of extent and nature of teaching

The results of this study the support those found by the
PHRC by demonstrating a wide disparity in medical educa-
tion on planetary health and sustainability issues
(Hampshire et al. 2022). In particular, the depth of coverage
of these topics, measured as ETT, varies considerably: from
only 35min up to 9 h. Medical courses which ranked high-
est in our analysis appeared to have prioritised planetary
health and sustainability with dedicated sessions on these
topics, while those that ranked lowest offered little teach-
ing beyond that of basic environmental and occupational
health topics. This suggests that medical students in the
UK will exit medical school with vastly different knowledge
bases and may leave some with outdated impressions of
the importance of specific topics. This issue is likely not
limited to the UK, with an international survey of medical
students finding that only 11% of almost 3000 medical
schools globally provided any formal planetary health edu-
cation (Omrani et al. 2020).

Figure 1. Recruitment of auditors and participating medical courses.
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The field of planetary health has fostered a new appreci-
ation of the complex interactions between the health of
the planet and that of the human population. This com-
plexity is not yet reflected in many medical curricula. For
instance, one of the most discussed mechanisms by which
environmental change affects human health was ‘pollution.’
Within this mechanism, our analysis showed that teaching
focused mostly on respiratory health rather than

cardiovascular health. The literature, however, suggests
that pollution contributes to similar or more cardiovascular
mortality than respiratory (Lelieveld et al. 2020;
Rodopoulou et al. 2022). The impact of climate change and
pollution on other health conditions such as chronic kidney
disease also appears neglected (Tsai et al. 2021). In
addition, the poor coverage of biodiversity in teaching
is concerning given its clinical relevance to zoonotic

Figure 2. (A) Overall coverage of Sub-Learning Outcomes (SLO)s amongst participating courses. Coverage data available for 14 courses. (B) Estimated teaching
time per SLO, the box indicates 2nd to 3rd quartiles, whiskers indicate 1st and 4th quartiles, median indicated by the line across the box, x indicates mean,
statistical outliers excluded from the analysis. Estimated teaching time data available for 13 courses.

Figure 3. Estimated teaching time per learning outcome by year of medical course.
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disease (especially in the context of COVID-19)
(Schmeller et al. 2020; Lawler 2021; Platto 2021), inflamma-
tory and atopic disease (Haahtela 2019, Prescott
et al. 2018).

In addition to understanding the risk that environmental
degradation poses to health it is also important thatstu-
dents are empowered to reduce their environmental
impact as future health professionals. Yet these topics

Figure 4. Learning outcome 1c analysis. (A) Coverage and estimated teaching time of the aspects of human health which is affected by environmental
change. (B) Coverage and estimated teaching time of the environmental mechanisms by which human health is affected by environmental change.

Figure 5. Courses were ranked in terms of total estimated teaching time and total sub-learning outcome coverage. (1 is the highest rank), they were placed
into three categories: Courses with both dedicated planetary health and sustainability teaching sessions; courses with either dedicated planetary health (PH) or
sustainability (Sust) teaching sessions; courses with no dedicated planetary health or sustainability teaching sessions.
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remain under-represented in medical curricula. ETT on sus-
tainability related SLOs was much less than that on more
environmental risk related SLOs and only half of the
courses had dedicated teaching sessions on sustainability.

Given these findings, it appears the UK medical school
system is not appropriately preparing many students for
the challenges that environmental degradation poses to
human health, to deliver healthcare sustainably, or to
deliver a Net Zero NHS.

Enhancing the teaching of planetary health and
sustainability topics

Multiple approaches to improving coverage of these topics
have been proposed, from whole modules to more gentle
‘infusion’ approaches (Tun et al. 2020; Bevan and Roderick
2021; Kligler et al. 2021; Slimings et al. 2022). Although,
there is no consensus yet as to which approach is best,
this study suggests that a two-pronged approach of dedi-
cated lectures with material interspersed throughout the
course appears most effective in terms of achieving good
coverage of LOs. However, this does not necessarily equate
to better educational outcomes for students - particularly
as most curricula are densely packed with little room for
extra teaching. Further work is required to understand the
most efficient approach for both students and educators to
improve knowledge and values.

Interestingly, teaching time on planetary health and sus-
tainability topics in medical school did not necessarily cor-
relate with coverage of the listed learning outcomes. This
suggests that course directors are not prioritising the
coverage of the LOs used in this study. One reason for this
could be that these LOs are only listed as ‘further reading’
by the GMC learning outcomes for graduates. Within the
core GMC Learning outcomes for graduates there is only
one mention of sustainability and no mention of planetary
health. Even with the welcome addition of the Medical
School Council endorsed ‘Education for sustainable health-
care – A curriculum for the UK’ (Tun and Martin 2022), this
is still only listed as further reading by the GMC. For sys-
temic change, such guidance would need to be central to
the GMC’s outcomes for graduates.

As planetary health is a new science, there is limited
educator confidence and knowledge (Wellbery et al. 2018;
Shea et al. 2020; Goldman et al. 2021). Equally, sustainabil-
ity in healthcare has historically not received much atten-
tion in medical education. It is therefore perhaps
unsurprising that there is a considerable range in the
coverage of the learning outcomes shown by this study.
Without a concerted effort by experienced and interested
medical faculties to overcome this, such topics are unlikely
to appear in the curriculum at individual institutions. As
such, there is a need for educator support and training on
these topics. Collaborative interuniversity approaches
appear to be an effective method for improving educator
confidence and capacity on the teaching of these topics so
may represent a promising way to improve coverage of
these topics in curricula (Walpole and Mortimer 2017).

It appears that planetary health and sustainability topics
are most extensively covered in the early years of medical
education. There is an opportunity for medical courses to
change the timing of the teaching of these topics to reflect

the student journey. In the early years of medical school
students when students learn about pathology and epi-
demiology, the introduction of planetary health themes in
these early years would complement existing teaching. As
students enter clinical practice a greater emphasis could be
placed on sustainability in healthcare, to reinforce its
importance as students gain more clinical exposure and
make the transition from student to doctor.

Strengths and limitation of methodology

This study adapted the GHEMS study’s methodology for
assessing curricula by including ETT. This study has several
limitations. Using ETT as a surrogate marker for the extent of
teaching will carry a degree of inaccuracy, as it is not possible
to calculate exactly how much time educators spent teaching
SLOs during individual teaching sessions, this is especially true
in courses with a greater focus on problem-based or peer-to-
peer learning. The addition of ETT however allows for a quan-
tifiable representation of the depth of teaching of learning
outcomes beyond that of the binary coverage and enables
granular analysis of specific topics taught.

A further limitation with evaluating curricula in this way is
auditor subjectivity. We attempted to reduce subjectivity as
much as possible with auditors reviewing all course teaching
materials using a rigid data collection tool, a standardised
teaching session, materials to guide auditors, constantly avail-
able support from the research team and having data col-
lected by two auditors independently (where possible).
However, this risk could not be entirely negated, and some
minor auditor subjectivity was likely present.

Only a relatively small number of medical courses were
included, limiting the generalisability of the findings and
ability to set a meaningful baseline. Future studies employ-
ing this methodology would benefit from starting auditor
recruitment early and recruiting both graduate and under-
graduate students from medical schools. The results, how-
ever, still provide valuable insight into the likely variance of
the teaching of these topics across UK medical schools.

Data collection was restricted by the possible limited
release of online teaching materials by medical schools.
The data does not capture sessions that were not timeta-
bled, where materials were not available online or instan-
ces of free-flowing discussions. This may also partially
account for the higher ETT in the early years of medical
courses, where teaching is more formalised and curriculum-
driven, rather than the more ad-hoc clinical teaching in
later years and which would require a different method-
ology to capture. On balance, however, as medical schools
tend to make most core teaching session materials avail-
able online to students, the data is expected to closely
reflect the true coverage of the learning outcomes.

The exclusion of student selected or elective units
means that there will likely be some underrepresentation
of the total level of learning outcome coverage amongst
medical courses. However, the focus on core teaching
means that the results reflect the baseline teaching that all
the medical students at participating courses receive as
part of their central education. Additionally, in order to
drive systemic change, it may be of more importance to
educate those students who would not voluntarily select
units which cover planetary health and sustainability.
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Overall, this study demonstrated that the GHEMS method-
ology is a replicable methodology for evaluating medical
school curricula against a set of defined learning outcomes.
Involvement in research also infers benefits to the auditors
and provides participating courses with a free in-depth analysis
of their course with opportunities for improvement high-
lighted. This methodology, therefore, provides a widely benefi-
cial approach to assessing curricula and could be used for
future curriculum assessments in the field of planetary health
and sustainability. Future work could also include auditor
views on involvement and follow-up of participating courses
to assess if actions were made on the basis of audit findings.

Conclusion

Current medical education varies widely in the teaching of
planetary health and sustainability topics. When these topics
are taught at medical school, the teaching may not concen-
trate on the most important areas according to planetary
health research. Given the NHS’s net zero commitment a
more concerted effort to teach sustainable healthcare is
required. This study suggests that central guidance and man-
dated learning outcomes would help ensure students
receive adequate education on these matters. The study
presents a possible methodology through which medical
school curricula could be objectively audited in the future.
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Glossary

Planetary Health: ‘The achievement of the highest attainable
standard of health, wellbeing, and equity worldwide through
judicious attention to the human systems—political, economic,
and social—that shape the future of humanity and the Earth’s
natural systems that define the safe environmental limits within
which humanity can flourish. Put simply, planetary health is
the health of human civilisation and the state of the natural
systems on which it depends.’

Whitmee S, Haines A, Beyrer C, Boltz F, Capon AG, de Souza
Dias BF, Ezeh A, Frumkin H, Gong P, Head P, et al. 2015.
Safeguarding human health in the Anthropocene epoch: report
of the Rockefeller Foundation–Lancet Commission on planetary
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