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Each year around 100 Cardi! medical students do something remarkable: they 
intercalate. This means they take a year out of the main MBBCh course to study for 
a bachelor’s degree in a medically related subject, achieving something in nine months
that normally takes three years.

Our students tell us that one of the highlights of intercalation is the opportunity to
experience, in depth, what it is like to conduct a research project from start to "nish.
Planning, executing and writing up their projects gives them a deeper understanding
of research methods, research integrity, laboratory and "eldwork, data analysis, 
literature searching, and critical appraisal of academic literature. Crucially, they also
learn what it’s like to work as participating members of Cardi!’s world-leading 
research teams.

This special supplement of The British Student Doctor Journal (BSDJ) showcases some 
of the outstanding research work done by Cardi!’s intercalators during the academic
year 2018-19. The 12 articles in this issue give an overview of the scope and high
standards of their work. The research questions are important, re#ecting current 
public debates such as sports concussion amongst children; the recruitment crisis in
medicine and its e!ect on junior doctors’ career decisions; new approaches to primary
care consultations; how clinicians make resuscitations decisions on very premature
babies; burnout among undergraduate medical students, and the use of e-cigarettes.
As might be expected from student work, some papers have a direct impact on the
medical curriculum, where topics such as disability teaching, designing a modern 
genomic medicine syllabus and the e!ect of curriculum on how students approach
their learning are put under the spotlight. The laboratory-focused work reported is
equally important in its potential e!ect on the way medicine will be understood,
learned and practised in the next decade: studies with implications for frontline 
clinical work include a review of the pharmacokinetics of ca!eine intake and a study
informing possible new treatments for osteoarthritis of the ankle.

The British Student Doctor, 2019;3(3):1-2
doi: 10.18573/bsdj.136
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Cardi!’s ‘C21’ curriculum is one of the most modern in the UK, with a renewed
focus on equipping our students with the skills, knowledge, professional values and
behaviours they will need to carry medicine into the future. We listen to our students.
The work that excites them and their concerns for the future of medicine and medical
education directly impact how we plan and deliver our curriculum. It is therefore 
inspiring to read these reports. They reassure us that the future of medicine is in safe
hands. As one student author observes:

Being involved with “real-life” research and work in government has given me unique !rst-hand
experience and undoubtedly provided me with a skill set that I would otherwise be without – and
can now continue to develop. I also have a wider understanding of the ripple e"ect of research – not
just clinically but also on wider policy. (Olivia Parish and Heather Payne, 2019)

We wish to thank the editorial team of The BSDJ for their fantastic work in 
co-ordinating and producing this special supplement. The BSDJ is in itself an 
outstanding initiative created in 2016 and developed by a team of Cardi! medical 
students. Many are themselves past graduates of our intercalation programme. They
started The BSDJ because of their own passion for student research and their belief
that it needs a wider audience. The journal has gone from strength to strength thanks
to their energy, enthusiasm and leadership. We are delighted to support them all the
way, and wish The BSDJ every success as it grows and develops.

Intercala!ng medical students: the future is in their hands
Julie Browne and Professor Steve Riley.
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Background

It is essential for Foundation Year 1 (FY1) doctors to be adequately 
prepared for practice to ensure delivery of safe and high-quality patient-
centred care. The transition from student to doctor is known to be 
challenging due to an increase in responsibility, and working within a
pressurised and stressful environment. (1) Preparedness is complicated
further by the continual change in healthcare needs and diversity seen
within the aging and co-morbid population, (2) which impacts upon the
knowledge and skills required by newly quali"ed doctors.

The standards expected of newly-quali"ed doctors are outlined in the
General Medical Council’s ‘Tomorrow’s Doctors’; (3) a core curriculum
by which competency can be measured. This publication generated 
momentum for curricula reform to address the issues relating to graduate
preparedness; smoothing the transition to FY1 through adequate 
preparation for practice in regards to managing complexity and decision-
making. In line with this, the ‘Curriculum for the 21st century’ (C21) 
at Cardi! Medical School was introduced in 2013: an integrated 
case-based learning spiral curriculum with early and continuous patient
contact, and an emphasis on independent learning. (4)

Over the past 10 years there has been a large volume of qualitative and
quantitative research assessing preparedness to practice, however C21
had not been evaluated in this context as the "rst cohort graduated in
July 2018. Therefore, this study aimed to do so.

Methods

Self-perceptions of preparedness of Cardi! 2018 graduates working as
FY1 doctors in the UK were evaluated. An invitation email and link to 
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Does C21 prepare medical students for doctoring in founda!on? A mixedmethods study
Bethan Charlo#e Ham et al.

the online questionnaire based upon ‘Tomorrow’s Doctors 2009’,
subdivided into ‘Doctor as a Scholar and Scientist’, ‘Doctor as a
Practitioner’ and, ‘Doctor as a Professional’, was distributed
through the Alumni network by Medical School administrators.
Closed questions required selection of level of preparedness on a 
5-point Likert Scale from ‘very unprepared’ to ‘very prepared’.
Open questions collected more detail regarding areas in which 
participants felt prepared and unprepared, and perceived di!erence
between ‘prepared’ and ‘very prepared’ to understand subjectivity.

Semi-structured narrative interviews were conducted on a one-to-
one basis with those who self-selected to be interviewed via the
questionnaire. Interviewees told their personal stories of experience,
enabling understanding of ‘preparedness’ within context, with 
detailed examples. (5)

Quantitative data underwent descriptive statistics, open-comments
and interviews were analysed thematically. Interviews were also
analysed narratively from a social constructionist perspective; to 
understand how interviewees conveyed their stories and why they
did so, something in#uenced by social context. (6)

The Chair of School of Medicine Ethics Committee con"rmed
that ethical approval was not required and deemed this project a
service evaluation. Research was conducted in line with ethical
practice: participants received information about the project, their
participation and data management. They were informed that 
con"dentiality would be maintained unless an issue compromising
patient safety was disclosed.

Results

Of the 24 C21 graduates who responded, 88% agreed they felt 
prepared to practice resulting from C21. Regarding the ‘Doctor as 
a Scholar and Scientist’ 61% felt prepared, 82% regarding ‘Doctor
as a Practitioner’, and 84% regarding ‘Doctor as a Professional’. All
respondents felt prepared to take a history and perform a physical
examination and interpret the results from these.

From interviews (n=7), eight themes were identi"ed with an 
additional two themes from open-comment survey data: de"nition
of preparedness; being prepared and unprepared for practice; role of
the medical degree in preparation; re#ection of C21 and how to 
improve preparedness; assistantships; comparisons with other 
graduates and top tips. Throughout the narratives, the concept of
preparedness was associated with level of knowledge. Most 

interviewees recognised the di$culty in preparing students to 
practice, and in fact do not expect to feel fully prepared. Most 
interviewees discussed the imperative of ‘practicing on the job’ for
preparation, correlating their level of preparedness with level of 
experience.

Most respondents felt prepared for communicating, team-work and
clerking, which was attributed to patient contact and undergraduate
placements. Practicalities of the role were prepared for through 
assistantships, which were valued by participants. However, they 
felt less prepared for night-shi%s and on-calls, and other realities of
work (e.g. level of responsibility, workload and working hours). 
Although 11 questionnaire respondents expressed feeling less 
prepared regarding scienti"c knowledge, three interviewees 
questioned the importance of detailed scienti"c knowledge within
their FY1 role.

Discussion

Most participants felt prepared for practice, following the trend that
preparedness amongst graduates in the UK is increasing. (7, 8)
However, evidently ‘preparedness’ is a complex and non-binary
concept which develops with ‘learning on the job’. (9)

The strengths in preparedness expressed by graduates in this project
may re#ect the emphasis that C21 places upon communication and
team-working, which is re#ected in literature concluding problem-
based learning graduates felt better prepared than traditional 
graduates in this respect. (10)

The evaluation of C21 is a longitudinal study, and comparisons of
cohort data with larger sample sizes may be used to inform changes
to the C21 curriculum. Re#ections expressed may be used to create
a ‘top tips’ document or workshop. This could inform future "nal
year students of the realities of practice, something di$cult to relay
through undergraduate placement.

It is understood this study is the "rst to analyse suggestions for 
improvement to medical curricula through narrative interviewing.
Caution should be taken when interpreting results with regards 
responder bias. Nonetheless, this approach has provided insight to
context of these FY1s’ suggestions for changes to C21, through the
provision of experiences for which these individuals felt unprepared,
together with re#ection of how they could have been better 
prepared to cope in that scenario.
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Lessons Learnt

Designing and conducting a research project during a narrow time
frame with minimal previous experience was challenging. Analysis
of preparedness amongst medical graduates has been proli"c over
the past 10 years, hence I initially struggled to specify my literature
search and generate research questions unique to my project.

I felt motivated to explore the opinions of Cardi! graduates when
designing the questionnaire, and felt it important to unpick the 
reasons behind feelings of unpreparedness, as this could potentially
contribute to easing the transition for future cohorts.

Although design and implementation of the questionnaire were
successful, initially the response rate was disappointingly low. It
seemed sparking the interest of FY1 doctors was more di$cult than
I had anticipated; I was concerned about possible impact upon my
results and analysis. Upon re#ection, low response was in part due
to distribution through the Alumni network, as this relied on
emails being live, thus we do not know how many were reached
rendering it impossible to conduct a reliable response rate. Also,
there was lack of awareness of the project and di$culty in attracting
the attention of busy and perhaps stressed FY1s. I now recognise
the importance of high levels of engagement with the population to
ensure higher response rates. Going forwards, we plan to forewarn
"nal year students before graduation and to recruit respondents
face-to-face to increase engagement.
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Background

Self-Regulated Learning (SRL) is the ability to manage one’s own
learning and identify own learning needs. (1) Since doctors are required
to be life-long learners, it is important that medical students develop
SRL skills as early as possible. (2) Extensive literature has addressed the
elements required of a self-regulated learner; (3,4) however, little has 
addressed how students can be supported to develop these skills and the
impacting factors, particularly the impact of transitioning to university.
Medical students are an interesting cohort as they are typically high-
achievers at school, have the development of a professional identity
forming when they start university, and a clear professional outcome to
their studies. It is important that medical schools can support their 
students through this transition to university, to consequently improve
student abilities to self-regulate their learning. (5)

In the medical school being studied, the teaching approach changes 
between the "rst and second semester of "rst year. The "rst semester
being a strongly didactic ‘Platform for Clinical Sciences’ (PCS), the second
semester adopting a ‘Case-Based Learning’ (CBL) approach. The students
therefore potentially have to adapt to two di!erent curriculum formats.

Methods

The aim of the project was to investigate participants’ lived experiences,
so a qualitative approach was adopted using open intensive interviews.
The initial interview questions were taken from previous interviews 
carried out by my supervisor (6) and had been extensively piloted
through this process. Participants were recruited from the "rst-year 
cohort of the medical school at the beginning of the academic year, and
interviewed individually at two points; once during the "rst semester
and again during the second semester. This enabled the development of
the participants to be tracked across the year, and compared between the
two di!erent teaching approaches.

C4ME SUPPLEMENT
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The data were analysed using a constructivist Grounded Theory 
approach, meaning that any theories generated were not pre-
conceived, but emerged from the data. (7) Analysis of the data by
coding using NVivo 11 so%ware began whilst gathering the data (a
key tenet of Grounded Theory) and continued as an iterative
process of going back and forth between the data and analysis using
comparative methods until data saturation was reached. Coding of
the "rst cycle of interviews informed the development of interview
questions for the second set of interviews.

Ethical approval was obtained from the local research ethics 
committee and preparations were made to support students who 
reported issue of concerns or became distressed during the 
interview.

Results

8
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Figure 1: The 6 themes derived from the data. The lines between them
demonstrate the linkages between themes and those that overlap.

The study followed 15 participants. Approximately 300 codes were
derived from analysis of the interviews, focused into 6 main themes
(see Figure 1).

E$cacy of SRL was not determined empirically, but based on self-
report by participants. A key "nding was that students were already
e!ective at SRL, but they had to adapt their SRL to the unfamiliar
learning environment of university, and then adapt again a%er PCS
changed to CBL. Throughout PCS, there was considerable and
widespread uncertainty amongst the participants. Uncertainty led
participants to compare themselves to their peers regarding
their studies and the social aspects of university. Comparison 
impacted on student self-assurance and identity, which could then
lead to negative emotions driving students to self-regulate, rather
than positive emotions. Competition was reported to be higher
amongst the participants throughout PCS, and participants noted
an unwillingness to share information with their peers.

Conversely throughout the second interviews, participant self-
assurance seemed to have increased, alongside a greater ability to
identify own learning needs. Most participants displayed an 
increased willingness to help their peers rather than compete. 
Collaboration seemed to be a key factor of importance in students
adapting their ability to self-regulate, and overall enjoyment seemed
to increase whilst stress decreased.

Discussion

Most students were already e!ective at SRL when starting university,
however they struggled to adapt it to their new environment. Some
did this successfully, some less so. Students seemed to cope with
adapting their SRL in di!erent ways; for example, this project 
highlighted the signi"cance of transition and identity in student 
development in their "rst year of university. SRL e!ectiveness was
not measured, however, the participants’ perceptions of e$cacy were
noted. Uncertainty with regards to what was required of them 
during their "rst term led to increased stress and comparison amongst
them, this competitive element of the hidden curriculum has been
noted in studies previously. (8)

This study showed how medical student identities change across
their "rst year. Lack of con"dence in the "rst semester emphasised
the students’ novice status within the medical community, whereas
the second semester introduced skills associated with ‘being a 
doctor’, enabling students to progress towards forming a professional
identity and work with others. Developing these relationships with
peers is vital if students are to succeed. (9)

Medical schools should be developing curricula that facilitate 
students’ development of professional identity. (10) Not only to 
assist with SRL skills but to also help promote resilience and coping
strategies. It would be bene"cial to run a parallel study in a medical
school that does not change its curriculum, to compare how much
of the development of students was a consequence of the change in
course structure.

Lessons Learnt

This study was an interview-based research project, a method new to
me before starting my intercalation. I found the project challenging,
but it was enjoyable and rewarding talking about student’s 
experiences, and I was glad that participants found sharing their 
stories bene"cial.



I learnt the bene"t of using qualitative research in being able to see
individual stories and investigating ‘lived experiences’ in more detail
than possible with a quantitative approach. I learnt the skills of
being able to draw out conclusions from similarities between 
participant data.

Constructivist Grounded Theory was an advanced method of
analysis to use, however it allowed me to go down the richest route
of the data, teaching me the importance of being adaptable in 
research. The huge amount of data collected taught me to be 
concise in my write-up. PCS and CBL posed di!erent challenges 
to students, with PCS being particularly di$cult. Consequently,
the work from this project is being sought a%er from the medical
school to inform their review of the curriculum of Year 1.

My experience throughout has encouraged me to become involved
in medical education research in the future, as well as improving my
communication skills for working with patients and medical students
alike. Due to the success of the project we are carrying on the study
with the participants into their second year of medical school. I look
forward to taking our study onto the next step and continuing my
involvement in medical education.
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Background

Genomic medicine (GeMed) is “an emerging medical discipline that 
involves using genomic information about an individual as part of their
clinical care”. (1) In 2009, it was recommended that “use of genomic
tools for diagnosis …and choice of treatment should form an important
part of the undergraduate medical curriculum”. (2) However, 10 years
later, GeMed has rapidly advanced but is still not widely integrated into
undergraduate medical curricula. A systematic review summarizing the
current GeMed curricula for healthcare students contained only two
UK-based studies, one from 2001, and one aimed at pharmacy students,
(3) demonstrating the lack of current literature. A widening knowledge
gap threatens the incorporation of GeMed into clinical medicine, with
increasing numbers of clinicians feeling ill-equipped to diagnose genetic
disorders. (4) In this precision medicine era, it is vital that tomorrow’s
doctors are equipped with the skills and knowledge required to utilize
GeMed to provide optimal patient care.

Furthermore, with the increasing technological complexities, and ethical
and social dilemmas, associated with GeMed, (5) it is important to 
embrace the medical humanities to motivate ethically intelligent 
clinicians capable of recognising, communicating and managing sensitive
situations. Therefore, when designing a phase one (1st/2nd year) GeMed
syllabus, medical humanities should be considered.

Undergraduate medical students must receive GeMed education to 
adequately prepare them to deal with the challenge of applying the 
extensive density of knowledge required to deliver on the promise of
GeMed. Therefore, this study will recommend key GeMed topics for
inclusion in a phase one medical syllabus.
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Methods

This study was mixed methods. The online questionnaire, designed
using Online Surveys, allowed recruitment of participants from
throughout the UK, achieving a more nationally representative
view. The sample included curriculum directors/co-directors, 
researchers, clinicians and/or lecturers working in genomics. 
Respondents were recruited using convenience sampling through
professional contacts and identifying email addresses from NHS 
and University websites (n=386). Participants ranked a list of 31 
genomics topics, derived from existing genomics syllabi, (the
APHMG’s core curriculum, the AAMC core competencies, and
the UK master’s curriculum), using a 5-point Likert scale. The 
results were analysed using IBM SPSS, then ranked to identify the
most important topics for inclusion in the phase one GeMed 
syllabus.

The novel small group consensus building method encouraged
comprehensive discussion by utilizing an iterative method that used
mini-consensus groups (MCGs) to achieve a consensus between
two expert panels. Panel 1=medical humanities (n=3), and panel
2=biomedical researchers and clinicians (n=3). Participants were 
recruited through convenience sampling and snowballing. Each
panel was interviewed twice. The MCGs were audio recorded and
transcribed verbatim. In the "rst round of MCGs, participants
brainstormed topics for inclusion and produced a list of ten topics.
In the second round, they reduced the other panel’s list to 2-5 core
topics. The debate and justi"cations surrounding consensus were
analysed and the "nal list of topics were mapped against the GMC’s
Outcomes for Graduates. (6)

The School Research Ethics Committee approved this study.

Results

The questionnaire received a 22% response rate, n=85. The most
popular topics for inclusion in a GeMed syllabus, were ‘Mendelian
disorders’, and ‘patterns of inheritance and pedigree analysis’, 
followed by ‘molecular pathogenesis/mechanisms of disease’, and
‘genetic variation and common disease’.

MCGs lasted a mean length of 58 minutes, totaling 231 minutes.
The MCGs highlighted seven key topics to include in a GeMed
syllabus: ‘Fundamentals of Human Genetics’, ‘Genomics 
Terminology and Techniques’, ‘How to use genomic tests’, 
‘Diagnostic Odyssey’, ‘Pharmacogenomics’, ‘Sharing, Ownership 

and Management of Data’, and ‘Cultural and Religious Viewpoints’.
When the topics were mapped to Outcomes for Graduates, most
topics mapped to >1 outcomes, with multifaceted topics ‘Cultural
and religious viewpoints’ and ‘How to use genomic tests’ mapping
to ≥6 outcomes across all domains, a re#ection of the complex 
debate occurring within the MCGs. 

Discussion

This study informs the future design of the Cardi! Phase 1 syllabus.
The "ndings concur with current literature: the topics raised are 
included in the HEE GeMed master’s curriculum, (7) demonstrating
the current move to GeMed, and largely align with the most 
commonly taught topics in American medical schools. (8)

Additionally, the topics derived from the questionnaire and MCGs
overlap considerably. ‘Fundamentals of human genetics’ is an 
umbrella term from the MCGs that could include questionnaire
topics ‘Mendelian disorders’, ‘patterns of inheritance and pedigree
analysis’, and ‘genetic variation and common disease’.

Currently in genetics education, genetics topics are integrated into
other topics, encouraging students to apply pre-existing knowledge
to clinical examples. (8) This was con"rmed during the MCGs and
could be an e!ective way to incorporate GeMed.

Due to the small, localized MCG sample it would be bene"cial to
carry out a UK-wide Delphi study to con"rm the topics that arose
in this study.

The exploration of medical humanities views makes this study
unique, to the best of our knowledge, and demonstrates their 
importance in counteracting the concerning loss of empathy
throughout medical education to inspire re#ective, empathetic 
clinicians. (9)

Lessons Learnt

We initially planned to use the Delphi Process as this is a well-
recognised approach for reaching consensus on a syllabus. (10)
However, GeMed is an emerging "eld and due to time limitations,
it was not possible to recruit su$cient participants. Therefore, we
developed a novel small group consensus building method.
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I was initially unaware how di$cult recruitment would be. When
we realised Delphi would not be possible, I was concerned this
would be detrimental to my project.

Therefore, we adapted aspects of the Delphi process to develop a
novel method that still aimed to reach a consensus but using two
smaller groups and this approach produced insightful, meaningful
results.

Our approach allowed us to explore the views of medical humanities
experts and encouraged thorough discussion of each topic, so we
could identify the reasoning and justi"cation behind decisions made
when reaching a consensus. Keeping the two panels separate 
prevented one group deferring to another and having two iterations
forced a consensus between the two panels so we could identify the
key topics.

Key lesson: It is vital to consider recruitment carefully during
method selection.
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Background

Patients with intellectual disabilities have complex health needs and are a
vulnerable population of society. (1) They have a greater risk of physical
and mental health problems yet face countless barriers to accessing
healthcare. (1-5) Enquiries into the healthcare system have shown 
patients with intellectual disabilities experience inequalities in health-
care, including access and quality of care received. (2-5) Reports found
negative attitudes amongst healthcare professionals, a widespread lack of
training and cases of avoidable early mortality. (2-5)

Furthermore, research has shown that undergraduate medical education
in intellectual disabilities is inconsistent and inadequate, with students
reporting high levels of anxiety about communicating with patients with
disabilities. (6-9) The attitudes that medical students hold are critical as
they are tomorrow’s doctors, and attitudes can have a signi"cant impact
on a patient’s experience in the health service. (6)

Cardi! University has developed a pioneering partnership with Hijinx, 
a Welsh theatre company working with professionally trained actors 
with intellectual disabilities. All fourth-year medical students attend a 
communication skills teaching session where they role play clinical 
scenarios with Hijinx actors. This allows inclusive teaching to take
place, where individuals with intellectual disabilities have a direct role 
in the development and delivery of education about them. (9)

This study looked at the e!ectiveness of this teaching session in changing
student attitudes and perceptions about patients with intellectual disabilities.
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Inves!ga!ng the impact of an inclusive teaching session on medical student a#tudes towards pa!ents with intellectual
disabili!es: a mixed methods study
Rubab Abdi and Dr Elizabeth Metcalf.

Methods

A mixed methods approach was chosen for the study. This combi-
nation allowed qualitative exploration of quantitative results, so that
a greater depth of understanding could be built.

For quantitative data collection, the Attitudes Towards Disabled
People questionnaire (ATDP-B) was used to measure student 
attitudes. (10) This is a validated tool that is in the public domain
and was found to be reliable at measuring medical student attitudes
in a previous study (Reliability = 0.71). (6) The questionnaire 
includes thirty statements regarding individuals with disabilities,
with a Likert response scale. Higher scores are achieved if the 
respondent regards someone with a disability as similar to the 
average person.

66/110 (60%) of year 4 students attending the communication skills
session on intellectual disabilities completed the ATDP-B question-
naire, both before and a%er the teaching. Before and a%er scores
were collated and compared using a paired t-test analysis.

Anonymised ATDP-B questionnaires were used to calculate general
student perceptions. For each statement, the overall positive and
negative responses were aggregated. This data was used to conduct
"ve semi-structured interviews (1:1) and one focus group with nine
students. The common perceptions were discussed, alongside how
the teaching session tackled them and suggestions for further 
improvements.

Ethical approval for this study was granted by the Cardi! University
School of Medicine Ethics Committee.

Results

Mean ATDP-B score before the teaching session was 115 
(SD = 14.5). Mean ATDP-B score a%er the teaching session was
122 (SD = 17.2). The teaching session improved scores in the
ATDP-B by a mean of 6.92 (4.69, 9.16). A paired t-test found this
to be a statistically signi"cant di!erence, t(65)= 6.20, p <.001.

Qualitative data was thematically analysed and four main themes
were identi"ed: student identity, patient contact, equity in health-
care and curriculum content.

Students discussed the impact of a lack of exposure, and how 
reluctance to communicate with intellectually disabled patients
o%en stems from feeling unprepared and incompetent rather than
prejudice, as without prior experience they do not understand how
to communicate. Furthermore, exposure is key for building 
emotional understanding. A critical outcome of the teaching session
was students developing empathy and a new understanding of this
vulnerable patient group, which are essential for e!ective communi-
cation. The students also identi"ed communication to be the
biggest barrier in delivering healthcare to intellectually disabled 
patients, and thus the strength of this session stems from its focus 
on e!ective communication.

Furthermore, students highlighted the pressure as medical students
to have egalitarian attitudes, which contrast the needs of intellectu-
ally disabled patients, who require special attention and adjustments
to be made.

Discussion

The results identi"ed that the teaching session improved student 
attitudes towards individuals with intellectual disabilities, which is
supported by previous studies. This is a signi"cant "nding as the 
attitudes of healthcare professionals are one of the root causes for
the health inequalities seen. (2)

This was the "rst study to investigate the origin of the negative 
attitudes of medical students, and found they stem from a lack of
con"dence in their abilities and failure to develop a professional
identity. The impact of the teaching session stems from its focus on
meaningful patient contact and identifying and overcoming com-
munication barriers. This is signi"cant as it shows students should
not be vili"ed for their uninformed attitudes, and rather it signi"es
that meaningful clinical exposure is essential at undergraduate level,
to adequately prepare students for their professional role.

A potential limitation is the absence of clinical knowledge due to
the singular focus on communication. Integration of communica-
tion skills and clinical knowledge, as well as repeated teaching
throughout the curriculum could further improve this teaching 
session.

Lessons Learnt

Conducting this research project was a big challenge for me, as I
had no experience in research, but an overall gratifying process. I
enjoyed learning about a single topic in great detail, particularly one
that is given little focus in the medical curriculum.
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It was an eye-opening experience as I had little prior knowledge on
intellectual disabilities, particularly on the health inequalities faced.
The project helped me gain a patient perspective on how our inter-
actions with patients carry more signi"cance than we realise, and
how unconscious bias can have a real impact on patient outcomes.

I found it di$cult to be impartial when conducting the project, as 
it is an emotive topic that has a real impact on people’s lives. How-
ever, on re#ection, I think to negate emotions would take away
from the heart of this project, which is how human factors such as
communication can have an impact on health.

Furthermore, this project has helped prepare me for my professional
practice as I have gained knowledge on the clinical and communica-
tion needs of this patient group. Understanding the di$culties and
inequalities faced will mean I can have meaningful and informed 
interactions with these individuals.
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Background

The increasing prevalence of burnout within the medical profession 
has been recognised over recent years. However, there is confusion 
surrounding the de"nition of burnout de"ned by Maslach as involving
emotional exhaustion, depersonalization or cynicism and weakened
sense of personal accomplishment, resulting in its su!erers struggling to
identify and accept their feelings delaying necessary support and 
management. (1, 2) Forty-"ve percent of medical students’ state having
su!ered with burnout; (3) adverse events may result in later training due
to reduced professionalism and engagement. (4, 5) The GMC National
Training Survey 2018 revealed the impact of burnout in postgraduates
with nearly a quarter of trainees stating that they felt burnt out because
of their work. (6) E!orts need to be directed to improving undergraduate
burnout prevention allowing medical students to enter a career where
they feel comfortable and supported.

Methods

A mixed-methods approach was adopted using an online survey 
containing open and closed questions and qualitative semi-structured 
interviews. Four research questions were developed to explore students’
perceptions, reasons, prevalence and management strategies surrounding
burnout.

All "%h-year medical students studying at Cardi! University were 
eligible to enrol. An online survey was distributed through medical
school administrators, social media pages, emails and snowballing. 
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Students were given the option to leave their email for a further 
interview. Fourteen medical students expressed interest in inter-
views and they all provided written consent. Due to the sensitive
nature surrounding burnout, interviewees were provided with 
contact information for Medic Support.

A semi-structured interview schedule was developed surrounding
the research aims. Just under 4-hours of recorded, anonymised data
was collected and externally transcribed. Interviewees were asked to
share any stories they had witnessed/experienced in relation to the
question. These quotes were then narratively analysed to help
strengthen the depth of the "ndings through exploring students’
narratives and identity in relation burnout. Thematic analysis was
also used; to increase rigour an initial coding framework was 
developed inductively with supervisors, and 20% of the transcripts
were double-coded to check for consensus. Nine major themes and
123 sub-themes were identi"ed including the GIN (general 
incident narrative) and PIN (personal incident narrative) codes 
used in the narrative analysis.

Ethical Approval given by Cardi! Medical School Research Ethics
Committee prior to commencing the research.

Results

All interviewees mentioned stress when describing their under-
standing of burnout, 12 mentioned the idea of reaching a limit as
burnout causes its su!erers to feel unable to go on. Eleven spoke of
tiredness/exhaustion because of burnout, which negatively impacts
on their concentration, decreasing students’ motivation.

Thirteen students mentioned assessments as a potential source of
burnout. Interviewees explained the di$culty in making time for
placement and revision, alongside a balanced lifestyle. The pressure
medical students place on themselves to succeed was mentioned by
12, some suggested that medical students could be pre-disposed to
burnout due to the constant comparisons with others and outside
pressure from family and friends.

Nine students expressed that burnout was very prevalent. All 
interviewees outlined the physical e!ects of su!ering with burnout
such as reduced sleep, altered eating habits, sickness and absence.
Students emphasised the predominant emotional e!ects as students
become reclusive and isolate themselves from social events and 
activities they used to enjoy. Some students mentioned that
burnout can be misdiagnosed as depression resulting in su!erers
taking unnecessary medications.

Both social and academic support was recognised by all as a vital
management strategy. However, students mentioned a lack of trust
for the Medic Support service, fearing that conversations may 
appear on their academic record. Hobbies including exercise and
university societies allow su!erers the opportunity to take time
away from their studies and meet other students.

Discussion

This research is the "rst of its kind to explore medical student’s 
understanding of burnout and unveil reasons and possible 
management strategies employed by those su!ering. The research
identi"ed that medical students have similar perceptions of burnout,
with all mentioning stress and the majority providing ideas of
‘boundaries being pushed’ resulting in exhaustion.

Students described struggling to balance placement and work
alongside their social activities and hobbies which mirrors the 
transition into postgraduate training as junior doctors are expected
to work long hours "nding little time to socialise and rest. (7) 
Interviewees discussed the e!ects of burnout on student’s future 
career, opting to maintain a work-life balance. A recent BMA 
report found similar problems in junior doctors, with many taking
breaks from training due to fear surrounding their mental health
and workloads experienced by those working for the NHS. (8)

Three areas for prevention were identi"ed; improved support
through promoting Medic Support ensuring it is accessible and 
educate students of its services. Raising burnout awareness amongst
students enabling them to recognise its signs and access necessary
support, through the delivery of stress management and the 
importance of self-care lectures. Reduce stigma surrounding
burnout by informing students of its prevalence, granting them
con"dence to converse freely and access support.

Lessons Learnt

Recruitment of my interview sample proved a challenge during the
project. I had limited time to conduct interviews to ensure I had
data to code and analyse to write up my research.

The recruitment process was harder than expected and required
perseverance and dedication. Despite my initial concern about the
quality and quantity of data collected, I was able to deduce strong
conclusions from my "ndings and address my projects aims.
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The use of convenience sampling increased my sample through 
recruiting easily accessible students. (9) However, some students
may "nd burnout uncomfortable to discuss therefore snowball 
sampling helped to access harder to reach students. (10)

In conclusion, the di$culties faced during this research deepened
my understanding of di!erent sampling methods. In future projects,
I will adapt my recruitment process to best suit my eligible 
candidates to ensure I gain an adequate sample size.
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Background

The training pathway of UK doctors is apparently linear, as trainees 
typically progress through foundation and specialty training before 
applying for consultant or GP posts. (1) Despite this, the UK Foundation
Programme’s 2018 career destinations report stated that just 37.7% of
Foundation Year 2 doctors (F2s) progressed directly to specialty training,
(2) continuing the annual decline from 71.3% in 2011.

One commonly cited reason for these "gures is the opportunity to work
abroad. Surman et al. compared home-domiciled graduates’ intentions
to practice in the UK. Those intending on remaining decreased from
49.6% in 2011 to 25.8% in 2015. (3) Reasons for the increased desire to
work abroad include favourable working environments, breaks from UK
medicine and the UK’s exit from the European Union. (4)

In 2017, a study funded by the Wales Deanery analysed medical trainers’
con"dence levels when providing careers support. (5) Responses led to a
classi"cation of trainees’ career thinking states: decided, explorers and
rethinkers. The decided had a clear choice, explorers were unsure of 
options and rethinkers were re-evaluating careers. Consideration of these
categories could engender more tailored careers support. This classi"cation
was based on trainers’ opinions. This study focused on understanding
the career thinking of foundation trainees in Wales, testing the classi"ca-
tions, exploring possible associations between specialty intentions and
thinking states and assessing trainees’ con"dence levels when making 
career decisions.
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An inves!ga!on into the career thinking of founda!on doctors in Wales
Jessica McVeigh et al.

Methods

Data were collected through an online survey (January 31st to
March 29th 2019). The target population was all foundation
trainees currently working in Wales (n=678).

The survey was created using Jisc online surveys with all questions
optional and participation voluntary. A variety of distribution
methods were used, including emailing the survey link to all post-
graduate hubs across Wales for circulation to all foundation trainees.
In order to further increase response rates, a paper copy of the 
survey was sent to four of the hubs for distribution during teaching.

Data were analysed descriptively and statistically using SPSS 
so%ware. Free text comments were manually analysed thematically
(by JM) in Microso% Word, and a sample of the coding was veri"ed
with co-authors.

The study was deemed a service evaluation, not requiring ethical
approval.

Results

The survey was completed by "%y-eight foundation trainees;
56.9% were F1 and 63.8% were female. The small sample size
means that results should be interpreted with caution. However,
"ndings complement other studies, increasing con"dence that 
results are not skewed.

Career thinking states

Participants identi"ed with the suggested thinking states of decided
(45.5%), explorer (43.6%) and rethinker (10.9%).

Specialty intentions

Only 30.2% of trainees intended on progressing directly to specialty
training. The three most preferred specialty training programmes
were general practice (20.8%), internal medicine training (17%)
and acute care common stem (11.3%). There was a signi"cant 
association between thinking state and specialty preference, with
GP the most common preference among the decided (20.2%) and
general medicine most common among explorers (27.3%)
(X2(12)=18.254, p=0.041). Results should be interpreted with 
caution due to the small proportion of rethinkers (n=6).

Usefulness of resources

Discussions with consultants were considered the most useful 
resource, with a mean score of 4.31 on a "ve-point Likert scale.
Websites were generally less utilised with 42.8% stating that they
were not used.

Career planning and support

Fi%y-three percent stated that they had found the process of 
navigating careers to be unclear and confusing, with a signi"cant 
association between these feelings and thinking state. The decided
were more likely to "nd the process clear and straightforward
(X2(6)=21.820, p<0.001). Trainees felt somewhat supported when
making career decisions, with a mean of 3.09 on a "ve-point Likert
scale. This indicated that overall, trainees did not feel strongly either
way, demonstrating room for improvement.

Discussion

This study supports "ndings from the wider literature that fewer
trainees are directly progressing to specialty training.

No previous studies have analysed the career thinking states of
trainees. These "ndings con"rm that foundation trainees in Wales
can be categorised by three thinking states. A signi"cant association
was found between specialty intention and thinking state, with GP
the most preferred choice among the decided. This result is impor-
tant given the recognised recruitment ‘crisis’ in this specialty, with
the number of GP practitioners in Wales declining annually since
2010. (6) At the time of survey distribution, some specialty 
programmes had been remodeled following the Shape of Training
report, (7) bringing changes to content and duration. This study did
not explore the impact of these changes on career thinking state or
specialty choice. Further study would be required to fully assess the
impact of programme changes on career thinking.

Encouragingly, the resources deemed most useful were discussions
with experienced individuals. However, results from the Wales
Deanery study (5) suggest that this may not be su$cient in advising
explorers and rethinkers. Trainers felt less con"dent with topics
such as working abroad (22%) and #exible training options (37%);
areas commonly requiring support from these trainees. Careers
support should therefore be tailored to suit varying needs, as well as
increasing awareness of other resources.
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Over half of respondents found the process of navigating careers to
be unclear and confusing, with a signi"cant association (p<0.001)
between these feelings and thinking state. This is supported by
Lachish et al. who suggest that trainees "nd it di$cult to access 
career guidance. (8) With this in mind, career resources may need
adapting to ease navigation.

Lessons Learnt

Description

I conducted a quantitative study, investigating the career thinking
of foundation trainees in Wales.

Feelings

I was proud of the work completed and feel that the results will help
inform changes to careers support.

Evaluation

I recognise the risk of non-response bias due to the low response
rate. My results, however, complement similar studies. Additional
"ndings, not yet considered in literature, means this study adds to
the evidence base and suggestions for the development of careers
advice are indicated.

Analysis

The low response rates were associated with di$culties in distribu-
tion. I did not have access to a single survey distribution point for
foundation trainees, meaning I had to be creative in my recruitment
strategy.

Conclusion

I thoroughly enjoyed undertaking this rewarding project, developing
generic skills which will be useful throughout my career.

Action Plan

In future I will seek to consider potential challenges prior to the
project start and develop back-up plans. I will also be more realistic
in my expectation of response rates.
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Background

E-cigarettes are electronic nicotine delivery devices and were used by 
3.2 million UK adults in 2018. (1) Though they are marketed as a 
cessation tool, they are increasingly being used as a recreational tool by
young adults. (2)

The expeditious delivery of nicotine and behavioural similarities to 
traditional cigarettes are noted by Public Health England as they promote
these products as a successful quit tool. (3) However, this stance is 
contentious amongst institutions such as Public Health Wales who call
for greater restrictions of these products due to concerns of adolescent
use and their potential to be a ‘gateway’ into traditional cigarettes. (4)

Young adults aged 20-25 are of interest, as they are developing autonomy,
navigating social media and those within higher education are noted as
having a greater proclivity than their peers not in education to engage in
risky behaviour such as excess alcohol consumption. (5)

Current literature acknowledges that the ability to customise e-cigarettes
allows for self-expression and promotion on social media. (6) However,
this research was predominantly based on an American population. Due
to the position of e-cigarettes within the socio-political landscape, further
qualitative research is required into UK young adults’ perceptions and
experiences of e-cigarettes in order to inform policy decisions.
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‘‘All young and trendy people using them”: An explora!on of young adults’ percep!ons and reasons for using ecigare$es
Ananth Ranjit et al.

Methods

In-depth data collection was facilitated through semi-structured 
interviews in Cardi!, Wales. Opportunistic and snowball sampling
was used to recruit 15 participants who were aged between 20-25
and had used/tried e-cigarettes. Recruitment occurred until data
saturation was achieved. All interviews were conducted by the main
author, who was trained in interview techniques by a CRUK 
research fellow. The topic guide was developed by the main author
and based on his prior meta-ethnography into young adults’ 
experiences and perspectives of e-cigarettes. Questions explored
their use as a cessation tool and their safety. Interviews lasted 20-30
minutes and were audio-recorded.

Along with an information sheet, participants received a full 
explanation of the study and consent was recorded on the day of the
interview. Contact details and links to local cessation services were
provided along with a £10 ‘Love To Shop’ voucher. Ethical approval
was granted by the School of Medicine Research Ethics Committee.

In order to record key themes and important non-verbal cues 
detailed "eld notes were completed a%er each interview. Through
listening to interviews and consulting "eld notes, the main author
inductively used Braun and Clarkes’ process of thematic analysis to
identify key themes known as codes. An interview was independently
analysed by a member of the study team to compare codes and 
generate discussions.

Results

The mean age of participants was 23 and over half of individuals 
interviewed were female (n=8). Of those interviewed 11 were
White British and 12 were in higher education. All participants had
used e-cigarettes; 11 were current users and 4 had tried e-cigarettes
at least once. Most participants were current (n=7) or former (n=6)
traditional cigarette smokers; 2 were never traditional cigarette
smokers.

Young adults developed distinct health identities with e-cigarettes,
as they found them more aesthetically pleasing and perceived them
to contain considerably less harmful chemicals than traditional 
cigarettes. Users saw them as superior to typical nicotine replacement
therapy and associated them with long term cessation. Young adults
noted that motivation was required to e!ectively use e-cigarettes as
a cessation tool, and this was o%en prompted by key events such as
graduation, decrease in personal "tness and a$liation to peer
groups. Whilst e-cigarettes were perceived as safer than traditional
cigarettes, users raised concerns over the lack of longitudinal 
research and con#icting research available.

E-cigarettes served a social function, as users were able to share
their products with their peers and customise them to re#ect their
personal preferences with respect to #avours and accessories.

Some participants were reluctant to quit traditional cigarettes and
had developed distinct patterns of dual use, with e-cigarettes facili-
tating use inside and traditional cigarettes being used within social
environments.

Developing gender roles were recorded, as female users o%en felt
uneasy within e-cigarette stores and male participants concurred
that they were typically male dominated space. Female participants
aligned themselves with smaller discreet products, whilst noting that
men typically had larger, ostentatious devices which allowed them
to produce large clouds of vapour. Users noted that e-cigarette
stores were a main point of e-cigarette information and facilitated
ongoing cessation.

Discussion

E-cigarettes within this study were primarily used as a cessation
tool by smokers and this is mirrored at a UK population level as
they are currently the most popular tool for quitting. (3) Similar
qualitative research including this age group noted their appeal to
those who would not typically engage with conventional cessation
services. (7) Young adulthood is a critical time for in#uencing
healthy behavioural change, as it is o%en dictated by their social
identity; consumer psychology has shown that young adults may
disengage with products which do not align with their perceived
group norms. (8) As these young adults are still the main consumers
of traditional cigarettes within the UK, health institutions, as
demonstrated by Public Health England, should adopt a harm 
reduction approach to in#uence behavioural norms. (9)

There has been little research into how e-cigarette stores could 
potentially play a role in providing smoking cessation information,
especially since young adults within this study were o%en accessing
informal channels such as social media to receive health informa-
tion. Qualitative research into the role of e-cigarette stores found
that the provision of bespoke cessation advice and ongoing support
was key to successful cessation. (10) E-cigarette stores could be an
opportunity to access and engage young adults who may be motivated
to quit smoking with cessation support and provide appropriate
signposting to conventional cessation services.
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Lessons Learnt

Developing the topic guide from my existing meta-ethnography 
allowed me to develop an in-depth understanding of e-cigarette use
within young adults. Conducting the interviews instilled the 
importance of phrasing questions in an open-ended manner so as to
maximise the information received. Furthermore, allowing 
intentional pauses gave a platform for the participant to collect their
thoughts and provide further unprompted thoughts. As I move back
into medical training, these skills are translatable within a clinical
environment.

It was daunting approaching peers and participants similar in age to
discuss their traditional cigarette and e-cigarette use, as it can be a
sensitive topic. However, by writing "eld notes on completion of the
interview I was able to maintain good eye contact and remain present
within the interaction, which enabled me to build a rapport with 
participants. The research was limited by the lack of insight from 
traditional smokers who had never used e-cigarettes. This is a key 
demographic to examine, as their views may impact whether they see
e-cigarettes as a potential cessation tool and subsequently impact the
delivery of targeted health information. Due to the sampling process,
participants were predominantly White British, so future work
should be more representative and include more perspectives from
ethnic minorities and low-income groups.
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Background

Respiratory tract infections (RTIs) account for a large proportion of 
primary care consultations and antibiotic prescriptions in the United
Kingdom. Approximately one quarter of the population of England and
Wales consult for RTI-related symptoms each year, with 60% of all 
primary care antibiotics being prescribed for these. (1)

The vast majority of RTIs are self-limiting viral infections, which do not
necessarily require face-to-face GP advice or a week-long antibiotic 
prescription. Such high numbers of consultations increasingly place strain
on general practitioners (GPs), who face increased workload and are
driven away, resulting in a depleted workforce. (2, 3) Additionally, 
injudicious antibiotic use feeds the ever-expanding issue of antimicrobial
resistance (AMR), which is a well-established threat to health and
economies on a global scale. (4)

In order to address these problems, alternatives are needed. These include
replacements for traditional GP consultations, such as pharmacist or
electronic consultations, alongside novel techniques to reduce rates of
prescribing, such as back-up prescriptions (BUPs) and point-of-care
testing (POCT). The study we carried out was designed to explore the
perceptions of members of the public regarding these interventions. We
hope that the results we have obtained will be a valuable contribution to
the existing literature on the topic.
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Public percep!ons about nontradi!onal primary care consulta!ons, backup prescrip!ons and pointofcare tes!ng 
in respiratory tract infec!ons
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Methods

The views of members of the public were collected using Health-
Wise Wales (HWW), a national online cohort study. HWW 
consists of a combination of broad sociodemographic surveys and
those pertaining to more speci"c areas of research, in our case the
Caring for Coughs and Colds (CCC) module. The study sample
was therefore composed of anyone aged 16 or over who was living
in Wales who was subscribed to HWW and had completed the
CCC module.

As our study aimed to link perceptions to behavior, data were also
collected using the Secure Anonymised Information Linkage 
Databank (SAIL). Read codes were used to identify RTI-related
consultations, antibiotic prescriptions and comorbidities, all of
which were linked to HWW questionnaire responses on an 
individual level.

Data analysis was divided into descriptive and analytic phases. 
Public perceptions on drivers of consulting, perceptions of infection
severity, alternatives to traditional consultations and value of the
components of a consultation were described. Logistic regression
was used in a univariable and multivariable model, implementing a
forward stepwise approach for the latter. The aim was to identify 
associations between a pre-determined list of explanatory variables
and speci"c public perceptions, including the acceptability of 
alternatives such as pharmacists or video consultations. We also
looked at the factors associated with increased con"dence in 
BUPs and POCT.

Results

90% of participants said they would only consult if they believed
they had a serious infection, with over 75% driven to visit the GP if
they thought they needed antibiotics. A fever of increasing duration
was perceived to be the clearest indicator of a serious infection by
members of the public. Receiving information and advice from a
pharmacist was considered to be a favourable alternative to a 
traditional GP consultation by over 70% of the study cohort. 
Video consultations and email correspondence were less popular.

Perceptions of consulting frequency over-estimated consulting 
behaviour. 6.1% believed they would consult twice or more per
year for the symptoms of an RTI, but only 0.4% did across the
three-year period identi"ed.

Women and adults without children were more likely to be in
favour of visiting a local pharmacist as an alternative to their GP.
Participants in the youngest age group were more likely to favour
video consultations than those in the oldest. Men were more likely
to want to be given a BUP and to be happy with POCT as part of a
consultation.

Discussion

In our study, over 90% of participants said they would consult if
they believed they had a serious infection. This di!ered from 
another similar study in England, in which 51% of participants 
contacted their GP out of fears of a serious infection. (5) Although
perceptions over-estimate behaviour when it comes to consulting
for RTIs in a community setting, there is still a signi"cant burden
which requires intervention.

Our "ndings complemented the literature for certain non-traditional
consultation alternatives, where email correspondence and video
communication have been shown to introduce challenges for both
patients and doctors. (6, 7) This was particularly highlighted in the
older population, as our study found they would be less willing to
accept newer technological forms of seeking advice. It is interesting
to see that face-to-face consultations are still favoured by many, 
although looking at the bigger picture it seems imperative that these
alternatives gain momentum.

However, the con"dence in pharmacists as alternative sources of
advice is very promising. With the appropriate training in assessing
RTIs, pharmacists can form an exceptionally valuable part of 
community management for these infections. 31.8% of participants
said they would want a BUP, although 33.8% said they would not
feel comfortable in taking one. Measures to increase con"dence in
BUPs and to educate patients on how to use them would be a 
useful area to direct futher research into. 92.8% of participants said
they would be happy with the "nger-prick blood test, a form of
POCT, as part of a consultation to help the GP determine need for
antibiotics. Exploring the reasons why this is so widely seen as 
acceptable could help pave the way to increase uptake of BUPs.

Lessons Learnt

Description: This project was predominantly carried out to explore
public attitudes on consulting, prescribing and non-traditional 
alternatives for the management of RTIs in the community. Tying
our "ndings in with the existing literature can be helpful in furthering
awareness about the available options from the perspective of 
members of the public.
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Feelings: I thoroughly enjoyed working on this project and getting
stuck into the large amounts of data during the analysis. It was 
rewarding to see some signi"cant results emerge, and bring it all 
together in the hope of adding something of value to what currently
exists in the literature.

Evaluation and Analysis: The main bene"ts of the study were the
huge number of participants and the unique ability we had to link
subjective questionnaire item responses to concrete behaviour
within primary care records. The drawbacks included ambiguous
wording of certain questionnaire items, leading to potential 
confusion for participant and analyst, and a limited three-year 
period of consulting and prescribing behaviour (2015-2017). As the
data had already been collected previously, I think I would bene"t
in future from also being exposed to the data collection process.

Conclusion: Overall, I found this project interesting and exciting due
to its unique design and exploration of novel ideas. There were certain
areas that we could have targeted, in hindsight, to further boost the
robustness of the results, such as gathering consulting/prescribing
behaviour across a longer time period and cross-checking question-
naire items to ensure clarity. Ultimately it was a very useful project
for me to undertake at this stage of my career, helping me gain a
new transferrable skillset.

Action plan: I will certainly take the skills I have learnt during this
project and implement them in any further research I carry out,
whether it be related to the topic in question or not. It has given me
a valuable insight into conducting research and it will be useful for
future work.
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Background

Resuscitation of infants born 22-25-weeks gestational age is one of the
major ethical dilemmas in neonatal medicine. (1) Survival rates of these
infants have improved in recent decades. (2) However, long-term 
neurodevelopmental outcomes have not seen the same improvement.
Children surviving extreme prematurity remain at a high risk of a wide
range of disabilities. (3) Increased survival may come at the cost of long-
term disability.

Ambiguity regarding resuscitation decisions is particularly high in the
“grey zone” between 22- and 25-weeks gestational age. Neonatal health-
care professionals (HCPs) are required to make complex decisions 
between resuscitation and end-of-life care. (4) Little is known about how
these decisions are made. Personal opinions, attitudes and the philosophy
of HCPs impact heavily on practice and therefore it is vital to understand
what factors in#uence the resuscitation decisions made by doctors, nurses
and midwives. (4, 5) Various studies have explored this but there has been
little e!ort to provide a comprehensive overview of the area. The aim of
this study was to provide a review of the attitudes of doctors, nurses and
midwives surrounding decisions to resuscitate infants born at the 
threshold of survival.
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of survival: a rapid review and reflec!on
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Methods

The literature was comprehensively searched using MEDLINE,
PsycINFO, Scopus and CINAHL. Three categories of key words
were identi"ed: types of HCPs, resuscitation, and gestational age.

Titles and abstracts of papers were screened using pre-de"ned 
eligibility criteria. Full texts of selected studies were then screened.
Published studies were included if they measured the attitudes of
doctors, nurses or midwives pertaining to the decision to resuscitate
infants born between 22- and 25-weeks gestational age. Quantitative
studies were excluded if they had fewer than 100 respondents or a
response rate of less than 60%. Non-English language papers were
excluded.

Data were extracted using a standardised piloted form. Due to the
heterogeneity of included studies, a narrative synthesis was 
conducted. To identify key factors in#uencing resuscitation 
decision-making, results and discussion sections were analysed for
patterns and trends to give a textual summary of the recurring
themes.

Quality of cross-sectional studies was assessed using the STROBE
checklist. (6) Qualitative studies were assessed using the CASP
qualitative checklist. (7)

Results

607 papers were identi"ed, of which 21 papers were eligible.

The main factors identi"ed as in#uencing decisions were parental
wishes, infant outcomes, infant condition, and guidelines and 
legislation (Figure 1).

Parental wishes were highly in#uential. Many studies reported 
that HCPs would consider parental preferences with regards to 
resuscitation. However, a few studies reported that parental wishes
were not considered during decision-making.

The perceived outcomes of infants – including survival and 
long-term disability - were considered important when making 
resuscitation decisions. HCPs were less likely to resuscitate an 
infant they considered to have a low chance of survival or a high
chance of disability.

HCPs were found to underestimate survival rates and overestimate
rates of long-term disability. More accurate estimates were associated
with a greater willingness to resuscitate.

Lack of guidelines and legislation arose as a key issue leading to 
uncertainty and inconsistent thresholds for resuscitation between
respondents.

Quality of Included Studies
The main quality problems were a lack of thorough descriptions of
outcomes and variables, and poor controlling of confounding and
bias.

Discussion

This rapid review identi"ed factors in#uencing resuscitation decisions
at the limits of survival. It is signi"cant that a minority of studies 
reported little consideration of parental wishes. The principle of
shared decision-making (SDM) with parents is grounded in the
ethical value of acting in the patient’s best interests. (8) Barring
some exceptions, the complete non-involvement of parents 
disregards the patient’s autonomy.
SDM is a well-known tool in adult medicine but it has additional
barriers to implementation in neonatology. (8) More work is
needed to identify the speci"c barriers and facilitators to the 
implementation of SDM in neonatology.

Many studies found that HCPs poorly estimated outcomes. HCPs
may make highly important decisions on the basis of incorrect out-
come estimates. Obsolete outcome data and poor accessibility and
dissemination of data may explain these misconceptions. (9) More
work is needed on how to regularly disseminate up-to-date out-
come data directly to clinicians.
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        Figure 1: Model of Factors In#uencing Resuscitation Decisions



Finally, the review highlighted the paucity in formal guidelines.
Lack of guidelines leads to inconsistencies in practice and lack of
consensus among HCPs. (10) The sheer amount of literature on
this subject must be streamlined into concise and evidence-based
recommendations for clinicians, by the relevant o$cial bodies.

Lessons Learnt

This project was conducted with the Welsh Government, where
my supervisors work. As this was my "rst project, in hindsight, my
expectations of research were very di!erent to the realities. Initially,
I struggled to envisage my project. As my supervisor o%en said,
conducting any research can sometimes feel like “wading through
treacle” – particularly at the beginning, when the structure is vague,
unde"ned and a little intimidating. Over time, however, I developed
my project through reading and discussions with my supervisors,
and soon I had a plan. The treacle was feeling much smoother.

However, we later realized that, logistically, I was unable to access
the required database and the project needed to be overhauled. This
felt frustrating as I had worked hard to develop it. The treacle felt
thicker than ever.

Although this was a setback, looking back, the original project was
overambitious. The new plan – a review - was more feasible and
useful to the "eld. Also, while at the time, I felt my work had been
futile, the reading I had done and notes I had made were still relevant.
This particular experience, and the project generally, developed my
ability to deal with setbacks – which are common within research.
For future projects, I plan to be more prepared and adaptable to
changes. Not only is problem-solving useful in research, but it is, of
course, highly applicable to clinical practice.
Being involved with “real-life” research and work in government
has given me unique "rsthand experience and undoubtedly provided
me with a skillset that I would otherwise be without – and can now
continue to develop. I also have a wider understanding of the ripple
e!ect of research – not just clinically but also on wider policy.
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Background

Sports related concussion (SRC) is a growing topic of interest, partly due
to media attention and concern for medical negligence towards high-
pro"le athletes. Children and adolescents are at their most vulnerable
stage of neurological development and continually at risk of concussive
injuries in sporting activities. It is estimated that 1-2 children per team,
per season endure a SRC playing rugby in the UK. (1) Despite this,
there remains a paucity in the development of clear and objective guide-
lines for guardians, sports coaches and healthcare professionals to ensure
a safer return to sport for the paediatric population.

There is o%en confusion regarding the precise de"nition of concussion.
The 2017 Concussion in Sport Group de"ne concussion as a direct or
transmitted force to the brain which “results in the rapid onset of short-lived
impairment of neurological function that resolves spontaneously.” (2) Concussion
“re#ects a functional disturbance rather than a structural injury”, (2) which is
echoed in the absence of defect on standard neurological imaging.

This project explores the current practices for managing paediatric SRC
in the Emergency Department (ED) by speci"cally addressing the 
following questions:

1. How should we advise families on the rehabilitation of the patient?
2. What evidence is there for the value of follow up appointments?
3. How should we advise families on the long-term e"ects on neurocognition?
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Management beyond the pitch: a literature review of paediatric sports related concussion
Niamh Theresa McSwiney and Dr Jeff Morgan.

Methods

A systematic literature review was conducted using the MEDLINE,
Scopus and Web of Science databases. Identi"cation of search terms
were formed by breaking down the title into three main themes:
paediatrics, sports related concussion and rehabilitation. Possible 
alternative spellings and synonyms were incorporated.

Initially, 727 records were identi"ed through the database searches
and an additional two records through reading other research 
papers. 135 duplicate abstracts were removed using the citation
manager EndNote. The remaining 594 records were screened
based on pre-determined inclusion and exclusion criteria.

The resulting articles were critically appraised using veri"ed 
appraisal tools for risk of bias. 11 papers were included for the "nal
review. Referral to the School of Medicine Research Ethics 
Committee was not required.

Results

1. How should we advise families on the rehabilitation of the patient?

Comprehensive advice should consist of symptom management 
including sleep hygiene, nutrition and hydration, graded return-to-
play and return-to-school discussions. (3) In the acute phase, a form
of exercise before seven days is more bene"cial than the complete
rest approach. (4) In patients with prolonged symptoms i.e. lasting
more than 4 weeks, multiple papers have shown improved out-
comes with physiotherapist-supervised exercise. (3, 5) One to two
days of cognitive rest followed by a gradual return to activity
showed greater symptom resolution versus "ve or more days of
strict cognitive rest. (6) Cognitive behavioural therapy (CBT) 
programmes in patients with prolonged symptoms showed 
improvement. (7) Currently, there are no randomised controlled
trials using pharmacological therapies for symptom management in
paediatric concussion.

2. What evidence is there for the value of follow up appointments?

The paediatric neurorehabilitation service in Wales admits patients
who exhibit a change on CT or MRI brain scans, which typically
does not include patients with SRC. Therefore, there is a lack of 
evidence regarding follow-up appointments for patients with 
prolonged post-concussion symptoms in Wales. However, paediatric
concussion clinics are a standard part of long-term care, as seen in
Australian and American literature.

3. How should we advise families on the long-term e"ects on neurocognition?

Early attendance at the ED reduces prolonged symptoms and is
therefore advisable. (8) Despite reporting symptom resolution,
some patients have continued impairment in neurocognition. (9)
Therefore, advice regarding graded return to play should be 
reinforced.

Research suggests that academic progression favours non-contact
sports groups over contact sports groups who have endured an
SRC. (10) Therefore, it should be ensured that parents are aware of
the seriousness of an SRC and the possibility of su!ering long term
neurocognitive damage.

Discussion

Evidence suggests taking time to educate both patients and their
guardians on recovery and prolonged symptoms is particularly 
important. Primary and secondary healthcare professionals require
further education and training on concussion management, for 
example through e-learning modules. Potential therapies a%er 
discharge from the ED include active rehabilitation with early 
physiotherapy guided exercises and CBT, which have shown better
outcomes than the complete physical rest approach.

Larger randomised controlled trials with prospective monitoring are
needed to provide solid evidence on which to base management
guidelines. The "ve to ten-year-old group requires particular focus.
There is potential for increasing the use of the 5th Sports Concussion
Assessment Tool (SCAT5) proforma in the emergency setting and 
incorporating it into rehabilitation progression. Pre-season SCAT5 
assessments conducted by sports clubs for all amateur players would
provide a valuable baseline in the event of an SRC. Safety netting and
providing resources for follow-up, including sign-posting sporting
body websites, may result in highlighting more patients with 
prolonged neurocognitive de"cits.

Multi-disciplinary neurorehabilitation teams require more funding to
expand their outreach. In#uence must be taken from other global
clinical sources and research continued for progress to be maintained.
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Lessons Learnt

On receiving my dissertation title, I was wary of having never 
undertaken a literature analysis project before and I found the sheer
quantity of papers on concussion daunting. However, meeting with
the healthcare librarian, who advised me how to use literature data-
bases and how to narrow my search "eld by using key words, was a
valuable experience. The skill of using focused searches to further
my background knowledge can be applied to both my further 
research and to keeping up to date with developments in my future
specialty.

The time-consuming nature of critical analysis proved challenging;
utilising deadlines for each of the constituent parts helped break 
the project down into smaller and more surmountable tasks. 
Critical appraisal frameworks enabled me to evaluate the literature
systematically and encouraged me to think more deeply about the
provenance and signi"cance of the evidence presented in journal
studies.
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Background

Osteoarthritis (OA) is a ubiquitous degenerative disease that generates
signi"cant global disability and socio-economic burden, forcing more
than 8.75 million people aged 45 or over to seek treatment in the
UK/annum. (1) OA predominantly a!ects the lower limbs, however
prevalence in the knee is 10-fold higher than in the ankle, with notably
di!ering aetiology between the joints. Knee OA is characteristically a
‘wear-and-tear’ primary arthritis; in contrast, 90% of ankle OA cases are
preceded by trauma-induced joint instability. (2) Hence, ankle cartilage
is thought to be relatively protected from the catabolic phenotype that
constitutes primary OA pathogenesis. Such protection is likely mediated
through biochemical and biomechanical variations including lower 
concentrations of matrix metalloproteinases (MMPs) - cartilage degrading
enzymes, and a reduced sensitivity to pro-in#ammatory cytokines.
These include Interleukin 1ß (IL-1ß) and Tumour Necrosis Factor-�
(TNF�), which potentiate an OA phenotype in cartilage. (3, 4)

Prior RNA sequencing data identi"ed a potential increased expression
of the Superoxide Dismutase 1 (SOD1) gene in ankle cartilage relative
to the knee; a gene encoding an intracellular antioxidant enzyme that 
reduces oxidative stress. Oxidative stress is elevated in OA cartilage and
is associated with inducing chondrocyte dysfunction, partly through 
upregulation of OA-linked pro-in#ammatory cytokines. (5) Following
receipt of the Wolfson Intercalated Award (Royal College of Physicians),
I used an in vitro model to investigate whether this relative increase in
SOD1 was partly responsible for conferring protection against 
cytokine-induced chondrocyte catabolism.
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Effects of Superoxide Dismutase 1 on car!lage chondrocyte metabolism: a protec!ve mechanism against 
ankle osteoarthri!s?
Jorge Adam Carter and Dr Emma Blain.

Methods

Immortalised ATDC5 mouse teratocarcinoma cells were utilised as
a chondrocyte source. Cells were seeded within media suspension
(100,000/well of a 48-well plate) and subsequently treated (n=6)
with 0.31U or 0.63U of bovine erythrocyte SOD1 (25U/mg and
50U/mg of cellular protein respectively). This represented the 
physiological concentrations of SOD1 reported for knee and ankle
articular cartilage in the literature (6). SOD1 treatment occurred in
the presence or absence of 5ng/ml IL-1� and 10ng/ml Oncostatin
M treatment - used to mimic the pro-in#ammatory catabolic 
response observed in OA; untreated cells served as controls. Cells
were treated for 1, 2, 3 or 7 days, with media and cell lysates
analysed for cytotoxicity, as well as markers of in#ammation (nitric
oxide (NO), prostaglandin E2 (PGE2)) and chondrocyte metabolism
(sulphated glycosaminoglycan (sGAG), type II collagen).

Results

Following normalisation to ATDC5 protein content, as a marker of
cell metabolic activity, it was observed that both 0.31U (p≤0.001)
and 0.63U (p≤0.01) of SOD1 treatment blunted cytokine-induced
NO synthesis at day 7. Furthermore, 0.31U of SOD1 treatment
signi"cantly lowered cytokine-induced PGE2 media content by 
day 7 (p≤0.05). Surprisingly, sGAG content was not a!ected by 
cytokine or SOD1 treatment.

Discussion

SOD1 treatment signi"cantly reduced cytokine-induced upregulation
of NO and PGE2 in an ATDC5 chondrocyte-like cell line. Limiting
the synthesis of pro-in#ammatory molecules, such as NO and
PGE2, potentially reduces the cartilaginous tissue loss characteristic
of OA, through decreasing MMP expression and the mitochondrial
dysfunction that initiates a chondrocyte apoptotic response. (7) NO
and PGE2 additionally suppress neosynthesis of type II collagen and
proteoglycans; (8) therefore, the demonstrated e!ects of SOD1 may
facilitate cartilage regeneration plausibly perturbing OA pathogenesis.
Restricting NO and PGE2 production also disrupts positive 
feedback-mediated upregulation of pro-in#ammatory cytokines,
de"ning an additional mechanism by which SOD1 treatment may
reduce joint in#ammation. (8) With a potential protective role for
SOD1 against a catabolic OA-like phenotype identi"ed, it can be
hypothesised that its elevated expression in ankle chondrocytes 
relative to knee may be partially responsible for the relative 
susceptibilities of each joint to osteoarthritic degeneration. Never-
theless, future studies are necessary to determine whether these
SOD1-mediated reductions in catabolic activities correlate with
measurable decreases in human cartilage matrix degradation.

Furthermore, our study may suggest applications for exogenous
SOD1 in OA treatment, through attempting to recapitulate innate
ankle SOD1 concentrations within OA a(icted joints. This concept
is supported by literary evidence for the bene"cial e!ects of 
Orgotein, a bovine non-speci"c SOD intra-articular injection,
prior to its discontinuation due to adverse e!ects. (9) Tempol, a
SOD mimetic, exhibits a more controlled attenuation of arthritic
in#ammation due to its biological membrane permeability but has
further noxious systemic e!ects. (10) Therefore, further research
into de"ning mechanisms of SOD1 endocytosis and its extracellular
functionality may facilitate a future for recombinant SOD1 as a
more e!ective treatment for OA.

Lessons Learnt

This research project introduced skills such as statistical analysis, 
tissue culture, and laboratory techniques including pipetting,
ELISAs and Western Blotting. With no prior experience of the
techniques employed, I found the project a challenging and initially
daunting experience, and o%en frustrating when meticulous time-
consuming investigations revealed unusable or anomalous data.
This included the data for 3 days of SOD1 treatment, yielding non-
signi"cant results and a low metabolic activity that implied 
compromised cell viability. This highlighted the uncertainty of 
research, the susceptibility of delicate techniques to error, and the
importance of subsequent perseverance and investigation into 
possible explanations. Learning these challenging techniques and
how to systematically approach and resolve problematic situations
are skills I will now directly apply to similar future situations in
medicine.

Moreover, conducting pioneering research was initially disconcerting,
with no information to cross-reference "ndings. However, analysing
novel results taught me a versatility with processing literature 
evidence, utilising current knowledge in the "eld to explain my
own results. Upon presentation of my work, academic questioning
surrounding the methods I employed made me aware of the 
importance of not only understanding what you are doing, but also
why. Whether designing an experiment, explaining novel results or
treating patients, I now have an increased appreciation for the 
importance of literature-based evidence and its skillful handling to
guide decision-making. Not only are evidence-based decisions 
important, but so is an awareness of methodological reasoning and a
pliability of your decisions to be in line with the latest evidence.

In conclusion, this project emphasised how pivotal research is to
identify biological targets to optimise the treatment of patients. This
philosophy has inspired me to integrate research into my future 
career, as I believe it paramount that doctors are involved in the 
furthering of medicinal knowledge.

36



References

1. Versus Arthritis. The state of MSK health report 2018. 2018 
[accessed 27 July 2019]. 
Available from: 
https://www.arthritisresearchuk.org/arthritis-information/data-
and-statistics/state-of-musculoskeletal-health/what-is-the-scale-of-
the-problem.aspx.

2. Valderrabano V, Horisberger M, Russell I, Dougall H, 
Hintermann B. Etiology of Ankle Osteoarthritis. Clinical 
Orthopaedics and Related Research. 2009;467:1800.

https://doi.org/10.1007/s11999-008-0543-6 
PMid:18830791 PMCid:PMC2690733

3. Eger W, Schumacher B, Mollenhauer J, Kuettner K, Cole A.
Human knee and ankle cartilage explants: catabolic di!erences.
Journal of Orthopaedic Research. 2002;20:526-34.

https://doi.org/10.1016/S0736-0266(01)00125-5

4. Hendren L, Beeson P. A review of the di!erences between 
normal and osteoarthritis articular cartilage in human knee and
ankle joints. The Foot. 2009;19:171-76.

https://doi.org/10.1016/j.foot.2009.03.003 
PMid:20307471

5. Scott J, Gabrielides C, Davidson R, Swingler T, Clark I, Wallis
G, et al. Superoxide dismutase down regulation in osteoarthritis
progression and end-stage disease. Annals of Rheumatic Diseases.
2010;69:1502-1510.

https://doi.org/10.1136/ard.2009.119966 
PMid:20511611 PMCid:PMC3789136

6. Koikes M, Nojiri H, Kanazawa H, Yamaguchi H, Miyagawa K,
Nagura N, et al. Superoxide dismutase activity is signi"cantly lower
in end-stage osteoarthritic cartilage than non-osteoarthritic 
cartilage. PLoS One. 2018 [accessed 17 Sept 2019]. 
Available from: 
https://journals.plos.org/plosone/article?id=10.1371/
journal.pone.0203944.

https://doi.org/10.1371/journal.pone.0203944 
PMid:30222787 PMCid:PMC6141073

7. Mathiessen A, Conaghan P. Synovitis in osteoarthritis: current
understanding with therapeutic implications. Arthritis Research &
Therapy. 2017;19:18.

https://doi.org/10.1186/s13075-017-1229-9 
PMid:28148295 PMCid:PMC5289060

8. Mastbergen S, Bijlsma J, Lafeber F. Synthesis and release of
human cartilage matrix proteoglycans are di!erently regulated by
nitric oxide and prostaglandin-E2. Annals of the Rheumatic 
Diseases. 2008;67:52-58.

https://doi.org/10.1136/ard.2006.065946 
PMid:17485421

9. Afonso V, Champy R, Mitrovic D, Collin P, Lomri A. Reactive
oxygen species and superoxide dismutases: Role in joint diseases.
Joint Bone Spine. 2007;74:324-329.

https://doi.org/10.1016/j.jbspin.2007.02.002 
PMid:17590367

10. Cuzzocrea S, McDonald M, Mota-Filipe H, Mazzon E,
Costantino G, Britti D, et al. Bene"cial e!ects of tempol, a 
membrane-permeable radical scavenger, in a rodent model of 
collagen-induced arthritis. Arthritis and Rheumatism.
2000;43:320-328.

https://doi.org/10.1002/1529-0131(200002)43:2<320::AID-
ANR11>3.0.CO;2-9

37The Bri!sh Student Doctor
Volume 3, No. 3 (2019)

bsdj.org.uk



Development of a compe!!ve ELISA and
genotype technique to determine 
caffeine pharmacokine!cs and CYP1A2
status in humans

Yi Huen Lillian Lau
Cardi! University School of Medicine

Dr Catherine M. Gliddon
Cardi! University School of Medicine

Dr Carmen W. van den Berg
Cardi! University School of Medicine

Address for Correspondence:

Yi Huen Lillian Lau
Cardi! University School of Medicine
The Cochrane Building
Heath Park, Cardi!
CF14 4YU
United Kingdom

Email: lauyh1@cardi!.ac.uk

No con#icts of interest to declare

Accepted for publication: 22.09.19

Background

The cytochrome P-450 1A2 (CYP1A2) enzyme accounts for 
approximately 13% of the CYP family of enzymes. (1) It metabolises
drugs and is important for drug-drug interactions. Interindividual 
di!erences in CYP1A2 phenotype and genotype result in variable 
enzyme expression and functional activity, thus can alter drug plasma
concentration. Ca!eine is largely metabolised by CYP1A2 and is o%en
used to investigate an individual’s CYP1A2 metabolic activity, (2) which
may help in drug prescription and dose adjustment to avoid toxicity or
ine$cacy. (3)

The aim of this project is to develop two protocols:

      A)  To evaluate CYP1A2 phenotype through determining salivary 
            ca!eine pharmacokinetics using a competitive ELISA.

      B)  To identify the most widely studied single nucleotide 
            polymorphism (SNP) CYP1A2*1F (SNP rs762551 A/C), with 
            polymerase chain reaction-restriction enzyme fragment length 
            polymorphism (PCR-RFLP) assay.

Once protocols have been developed, we would determine if they are
appropriate for undergraduate laboratory teaching of pharmacogenomic
concepts, i.e. how interindividual di!erences in CYP1A2 activity can
alter the pharmacokinetic parameters of ca!eine.
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Development of a compe!!ve ELISA and genotype technique to determine caffeine pharmacokine!cs 
and CYP1A2 status in humans
Yi Huen Lillian Lau et al.

Methods

Ethical approval was sought but not required, as con"rmed by the
Chair of the School of Medicine Research Ethics Committees.

Development, optimization and validation of ELISA

Competitive ELISA to measure ca!eine in saliva is based on a 
previously described protocol. (4) The concentrations of 
commercially available antibodies, ca!eine conjugated to horse-
radish peroxidase and unlabelled ca!eine were optimised for the
assay. The optimised ELISA was then validated with saliva collected
at various time intervals from ten volunteers, a%er ingestion of 
100 mg ca!eine in tablet form.

The ELISA standard curve was generated on myassays.com using
four-parameter logistic curve "t. Pharmacokinetic parameters of
ca!eine were determined; coe$cient of variation (CV) was 
calculated to evaluate precision and repeatability of the immunoassay.
Data were analysed using GraphPad Prism 7.04 and expressed as
mean ± SD.

Development of PCR-RFLP assay to determine a SNP in the CYP1A2
gene

DNA was isolated from buccal cells of three volunteers using two
commercially available DNA extraction kits. It was used for 
identi"cation of CYP1A2*1F through PCR-RFLP, and its 
association with the fast metaboliser phenotype using two published
protocols. (5-6) Two pairs of forward and reverse primers were
evaluated to identify and amplify gene segment containing the
rs762551 SNP. PCR products were digested using two restriction
enzymes speci"c for the C-allele. Fragments were analysed by
agarose gel electrophoresis.

Results

Development, optimization and validation of ca"eine competitive ELISA

The optimised ELISA allowed detection of ca!eine ranging from
0.169 ng/ml - 20.0 ng/ml in saliva. CV between days was <15%,
and <5% between replicates, indicating the ELISA had acceptable
precision and repeatability. Saliva was collected before taking the
ca!eine tablet, then at 0.5, 1, 2, 3, 5, 7, 9, 12 and 24 hours. Levels
of ca!eine from 1 to 12 hours was statistically di!erent from 
baseline at 0 hour (p = <0.05) and peaked at 1.56 ± 0.98 hours.
Large interindividual variations were observed in Cmax

(1215 ± 2927 ng/ml).

PCR-RFLP assay to determine a SNP in the CYP1A2 gene

The PCR-RFLP did not yield any restriction fragments, suggesting
all three subjects had two copies of the most common A-allele. 
Use of a control restriction enzyme, which cuts outside the SNP,
yielded fragments within the expected base pair range, demonstrating
validity of the assay. Further development of the PCR-RFLP 
protocol is required to determine CYP1A2*1F genotype.

Discussion

ELISA and CYP1A2 phenotype

Competitive ELISA, optimized and validated, is sensitive enough to
quantify salivary ca!eine; it is comparable to Carvalho’s immunoassay
(7) and a commercial ELISA kit using similar antibodies. (8) Large 
interindividual variations in Cmax and Tmax may represent di!erences
in CYP1A2 activity or that ca!eine’s pharmacokinetic may not 
accurately represent CYP1A2 metabolic activity. Further study
with a larger sample size is required.

PCR-RFLP and CYP1A2 genotype

The PCR-RFLP assay requires further optimization and a larger
sample size to identify CYP1A2*1F. In addition to the enzymes
speci"c for C-allele, those speci"c for A-allele could be used.

Are the protocols appropriate for teaching the concepts of pharmacogenomics to
undergraduate students?

The competitive ELISA o!ers a simple and inexpensive way to
quantify salivary ca!eine in a standard laboratory, making it suitable
for undergraduate laboratory teaching. During the experiments,
students can practise laboratory skills, learn the principles of ELISA,
understand pharmacokinetics and drug metabolism. Fast metabolisers
metabolise drugs quickly, resulting in drug ine$cacy; whereas drugs
may accumulate in slow metabolisers, leading to toxicity. Through
understanding the metaboliser phenotypes, drug dose can be 
adjusted accordingly for maximum e$cacy and to avoid side e!ect.
Many factors a!ect CYP1A2 phenotype, but their mechanisms and
impact are unclear. The signi"cance of di!erent genotypes on its
phenotype also has to be con"rmed. The current PCR-RFLP 
protocol is not appropriate for undergraduate laboratory and 
requires further optimization.

Lessons Learnt

Constant re#ection on the experimental process was required to
produce an optimised immunoassay for the accurate quanti"cation
of salivary ca!eine level.
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As it was the !rst time carrying out a laboratory project by myself, 
I felt quite uncertain initially. However, under the guidance of my
supervisors and reading the literature, I quickly understood and 
became more interested in laboratory research.

I was surprised by the viscosity of saliva and it was hard to pipette.
In later experiments, to minimize error in volume of saliva used, a
larger volume was pipetted and vortexed a"er each dilution. In 
addition, large interindividual di#erences were observed in ca#eine
pharmacokinetic. This may be due to saliva collection not being
monitored; the duration of saliva collection could be standardised.
Moreover, it may be accounted for by di#erences in gastric emptying.
Large volume and high density food are emptied slower, (9) which
may a#ect ca#eine absorption rate. Some volunteers fasted before
taking ca#eine tablets, whereas others did not. This increased my
understanding on the interaction between drug pharmacokinetics
and consumption of food or liquid. Mealtime and saliva collection
times should be standardized in order to minimize interference of
food in future experiments. Moreover, pharmacokinetics of ca#eine
could be a#ected by di#erences in body mass, smoking and other
drugs, which should be considered in the future.
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