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Background: Antimicrobial resistance has led to widespread implementation of interventions for appropriate
prescribing. However, such interventions are often adopted without an adequate understanding of the chal-
lenges facing doctors-in-training as key prescribers.

Methods: The review followed a realist, theory-driven approach to synthesizing qualitative, quantitative and
mixed-methods literature. Consistent with realist review quality standards, articles retrieved from electronic
databases were systematically screened and analysed to elicit explanations of antimicrobial prescribing behav-
iours. These explanations were consolidated into a programme theory drawing on social science and learning
theory, and shaped though input from patients and practitioners.

Results: By synthesizing data from 131 articles, the review highlights the complex social and professional dy-
namics underlying antimicrobial prescribing decisions of doctors-in-training. The analysis shows how doctors-in-
training often operate within challenging contexts (hierarchical relationships, powerful prescribing norms,
unclear roles and responsibilities, implicit expectations about knowledge levels, uncertainty about application of
knowledge in practice) where they prioritize particular responses (fear of criticism and individual responsibility,
managing one’s reputation and position in the team, appearing competent). These complex dynamics explain
how and why doctors-in-training decide to: (i) follow senior clinicians’ prescribing habits; (ii) take (or not) into ac-
count prescribing aids, advice from other health professionals or patient expectations; and (iii) ask questions or
challenge decisions. This increased understanding allows for targeted tailoring, design and implementation of
antimicrobial prescribing interventions.

Conclusions: This review contributes to a better understanding of how antimicrobial prescribing interventions for
doctors-in-training can be embedded more successfully in the hierarchical and inter-professional dynamics of
different healthcare settings.

Introduction

The impact of antimicrobial resistance (AMR) is becoming increas-
ingly clear and efforts to curtail its emergence are gaining priority
at a global scale.1–5 These efforts are driven by recognition of the
projected substantial human and financial costs associated with
reduced efficiency of existing antimicrobial agents. It has been
estimated that by 2050 there will be 10 million deaths a year

globally due to drug resistance and the total cost of lost production
will come to US$100 trillion.6

A broad range of interventions has been implemented world-
wide to improve antimicrobial stewardship.7 In the UK, such
interventions include the TARGET toolkit in primary care and the
‘Start Smart Then Focus’ approach in secondary settings, among
other initiatives.8–16 Encouraging signs of reduction in total anti-
microbial consumption have already been identified in primary
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and secondary care settings in England, but these improvements
are insufficient to address the scale of the problem.17

In the USA, rising rates of broad-spectrum antibiotic prescribing
have been recorded across age groups and overall antibiotic pre-
scribing has risen for older patients, with a large proportion of pre-
scriptions considered inappropriate.18,19 IDSA and the Society for
Healthcare Epidemiology have published guidelines for the imple-
mentation of antibiotic stewardship programmes, featuring core
strategies and supplementary interventions.20,21 In an attempt to
address current rates of low implementation,22 all healthcare
facilities are required to establish antibiotic stewardship pro-
grammes by 2017.23

Despite the wealth of antimicrobial stewardship programmes,
it is often difficult to know how best to target resources to maxi-
mize intended outcomes. Previous systematic reviews have
compared effect sizes of different intervention strategies,24,25 fa-
vouring restrictions in prescribing options (e.g. compulsory order
forms or expert approval) over purely educational or feedback pro-
grammes.25 Yet, less attention has been paid to how intervention
strategies work differently in different contexts and for different
groups of prescribers. With social norms and informal influences
increasingly recognized as important in antimicrobial prescrib-
ing,26–28 uncertainty still exists about how to implement different
types of interventions and what refinements are needed for local
circumstances.

There is also less understanding of how antimicrobial prescrib-
ing interventions should be tailored to address the specific needs
of doctors-in-training (i.e. medical school graduates undergoing
clinical training to become specialists or general practitioners).
Postgraduate trainees across all stages are classed as independent
prescribers and will typically prescribe medicines, including anti-
microbials, on a daily basis. In the UK they are numerically the larg-
est prescribers in the hospital setting.29 In many countries, they
form the foundation of the medical workforce and carry out a sig-
nificant proportion of core medical work, often under little supervi-
sion. Their learning and training needs are of critical importance
since they are developing skills to lead clinical teams as senior
practitioners in the future. Yet, most antimicrobial prescribing
interventions target both junior and senior doctors as a uniform
body of health professionals, and assume they have similar needs
and operate under the same circumstances.30

To account for the context in which antimicrobial prescribing
decisions are made and the significant challenges encountered by
doctors-in-training at different levels, we followed a realist ap-
proach for evidence synthesis.

Methods
A realist review is particularly relevant to complex interventions character-
ized by significant levels of heterogeneity. This is because it follows an inter-
pretive, theory-driven approach to synthesizing evidence from qualitative,
quantitative and mixed-methods research. Its main strength comes from
providing findings that explain how and why context can influence
outcomes.

Our review on IMProving Antimicrobial prescribing for doCtors-in-
Training (IMPACT) was structured around the following questions:

(i) What are the ‘mechanisms’ by which antimicrobial prescribing behav-
iour change interventions are believed to result in their intended
outcomes?

(ii) What are the important ‘contexts’ which determine whether the dif-
ferent mechanisms produce intended outcomes?

(iii) In what circumstances are such interventions likely to be effective?

Rather than defining effectiveness in terms of effect size as in a stand-
ard systematic review, the IMPACT review examined how the responses of
doctors-in-training to the resources offered to them (mechanisms) were
triggered in particular circumstances (contexts) to generate certain behav-
iours or outcomes for antimicrobial prescribing (see Part S1 for relevant def-
initions, available at JAC Online).

The review followed a detailed, published protocol31 based on Pawson’s
five iterative stages: (i) locating existing theories; (ii) searching for evidence;
(iii) selecting articles; (iv) extracting and organizing data; and (v) synthesiz-
ing the evidence and drawing conclusions.32 To this we have added a
sixth step [(vi) writing and engaging with substantive theory], to highlight
the importance of developing a narrative from realist analysis as extend-
ing beyond Context–Mechanism–Outcome Configurations (CMOCs)—see
Glossary in Part S1 for definition—and to foreground the role of theoretically
substantiating findings (drawing on substantive theory).

The review is registered on PROSPERO (CRD42015017802) and ran for
18 months (June 2015–November 2016). The Central University Research
Ethics Committee (CUREC) at the University of Oxford granted exemption
from ethical approval. This paper reports the IMPACT realist review accord-
ing to the RAMESES publication standards.33 More details are included in
the full project report published on the National Institute for Health
Research (NIHR) Journals Library as per standard practice for projects
funded by the Health Services and Delivery Research (HS&DR) programme:
https://www.journalslibrary.nihr.ac.uk/programmes/hsdr/139724/#/.

Step (i): locating existing theories
Before any literature searching had taken place, we devised an initial pro-
gramme theory as a starting point for the review, drawing on the experien-
tial, professional and content knowledge of the research team (including a
primary care practitioner and GP trainer, and academic experts in medical
education, clinical training and implementation science). This initial pro-
gramme theory acted as a guide for refining assumptions against the data
in the literature.

To begin refining this initial programme theory and to identify the focus
of the review, we carried out exploratory searching using keyword-, author-
and project-based methods in MEDLINE/PubMed and Google Scholar
(see Part S2 for example keywords). We also found initial literature through
citation tracking and snowballing, searched for grey literature and elicited
key studies from experts.34 The aim was to identify a range of possible
explanations about how antimicrobial prescribing interventions work for
doctors-in-training at different levels, and why they may work in particular
circumstances and not in others.35,36 Iterative programme theory building
required discussions within the team to make sense of, interpret and syn-
thesize the different components.

A diverse stakeholder group was recruited to provide content expertise
for programme theory refinement. The group included patients, carers, se-
nior consultants, doctors-in-training at different stages, pharmacists, micro-
biologists, academics and policy-makers (n"21 in total). Consultations with
stakeholders took place in four 2 h meetings (including one policy workshop)
at regular intervals throughout the project, but also through telephone calls
and e-mail exchange. Detailed notes were kept for all consultations with
stakeholders to inform programme theory and create a clear audit trail.

Step (ii): searching for evidence
We carried out two distinct formal literature searches, which were tested,
refined and conducted by an information specialist (S. B.). The search strat-
egies were developed iteratively in MEDLINE to reach appropriate sensitivity
and specificity. A combination of free-text and indexing terms were used.
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The search syntax and indexing terms used in MEDLINE were then trans-
lated for use in other databases. Relevant studies identified using hand
searching were used to benchmark the search strategy. We also undertook
forward citation chasing (using Google Scholar) and manually searched cit-
ations contained in the reference lists of articles and reports important for
the development of programme theory. Google alerts were set up and art-
icles received from content experts were also included.

Main search

Drawing on adaptations from a related systematic review,30 the main
search strategy used combinations of search terms for the concepts ‘doc-
tors-in-training’, ‘prescribing’ and ‘antimicrobial’ (see MEDLINE main search
strategy example in Part S2). In September 2015 we searched the following
databases: Embase, MEDLINE, MEDLINE-in-process, PsycINFO, Web of
Science, CENTRAL, Cochrane Database of Systematic Reviews, HTA data-
base and ASSIA. These databases were chosen as the most appropriate to
search potentially relevant literature in this area, following the exploratory
search in step (i). We included all studies on antimicrobial prescribing be-
haviour or interventions that referred to doctors-in-training (any specialty
and level), regardless of study design (quantitative, qualitative and mixed
methods) or setting (hospital or primary care), and including all prescribing
related outcome measures. We excluded studies when they focused on
drug administration only (no prescribing decision).

Additional search: hierarchies, team-working and
decision-making

Following analysis of the literature from the main search and discussions
with the stakeholder group, an additional search was undertaken to allow
the review to focus on issues emerging as significant. This additional search
focused on social and professional influences in clinical training, and more
specifically related to hierarchies, team-working and decision-making.
It was not intended to be exhaustive, but to purposefully draw together
relevant literature from a different range of disciplines and provide an ex-
planatory backbone for the wider contextual influences identified as im-
portant from the analysis of the literature in the main search.

The additional search strategy was developed in a similar way to the
main search. We used combinations of keywords for the concepts ‘hier-
archy’, ‘decision making’, ‘team work’ and ‘junior doctor’ (see MEDLINE add-
itional search strategy example in Part S2). In January 2016 the following
databases were searched: MEDLINE, MEDLINE-in-process, PsycINFO,
CENTRAL, Cochrane Database of Systematic Reviews, HTA database and
ASSIA. Studies were included when they discussed the role of hierarchies,
teamwork and decision-making, in relation to doctors-in-training (any spe-
cialty and level), regardless of study design or setting (hospital or primary
care). We had no pre-specified exclusion criteria. Included studies were not
necessarily linked to prescribing as we were looking to understand the
wider context in which doctors-in-training practise.

The results of both searches were exported to Endnote X7 bibliographic
management software (Thomson Reuters Corporation, Toronto, Ontario)
and de-duplicated using automated and manual checking. All citations
were reviewed by C. P. against the inclusion criteria and a 10% random sub-
sample was reviewed independently by G. W.

Step (iii): selecting articles
The selection process primarily focused on the extent to which articles
included data that could contribute to the development and refinement of
programme theory. C. P. screened all titles and abstracts in reverse chrono-
logical order (to gain a better understanding of shifts in the topics reported)
and assessed whether the full text should be obtained. For those articles
that met the inclusion criteria, C. P. retrieved the full texts and classified
them into categories of high and low relevance, depending on their

relevance to programme theory development (e.g. current situation in the
NHS and the wider UK context, or the extent to which the role of doctors-in-
training was discussed). At the point of inclusion based on relevance,
the trustworthiness and rigour of each study was also assessed.36

Considerations of rigour and relevance were often interrelated, as papers
were more likely to include data useful for programme theory refinement
when they had followed their chosen methodology to the standard
required. Again, a random 10% sample was reviewed by G. W. to ensure se-
lection decisions were made consistently.

Step (iv): extracting and organizing data
Once the core dataset was established, initial manual coding was carried
out chronologically (from the most recent article) for familiarization with
the data. In the first rounds of analysis the content was classified in broad
descriptive, conceptual categories. Analysis then continued in NVivo 10
(QSR International), focusing first on the richest sources, i.e. articles with
most potential to inform the programme theory, and then applying the
coding framework to the rest of the papers (deductively) and creating new
codes as needed (inductively). By looking at each of the conceptual catego-
ries more closely, C. P. and G. W. applied a realist logic and analysed sections
of texts as related to contexts and/or mechanisms for specific reported out-
comes—this was subsequently confirmed with the rest of the team.
In doing this, we followed a realist philosophy of science focusing on
generative causation, to interpret and explain how different groups of
doctors-in-training reasoned about and responded (by way of ‘hidden’
mechanisms) to contextual influences available in their environment to
produce reported outcomes and to identify the specific contexts or circum-
stances in which these mechanisms were more likely to be ‘triggered’. As
the review progressed we iteratively refined the programme theory driven
by interpretations of the data in articles included in the review.

The characteristics of the documents were extracted into an Excel
spreadsheet (see Part S3). A sample 10% of coded papers was independ-
ently reviewed by G. W. for consistency. The aim of the analysis was to
reach theoretical saturation, such that sufficient information has been cap-
tured to explain the wide range of antimicrobial prescribing experiences of
doctors-in-training reported in the included articles.

Step (v): synthesizing the evidence and
drawing conclusions
Excerpts coded under specific concepts in NVivo were exported into Word
documents, to provide a more flexible space to examine the viability of dif-
ferent CMOCs, experiment with different formulations and work towards
building the narrative of the synthesis. To develop a programme theory of
the antimicrobial prescribing experiences of doctors-in-training we moved
iteratively between the analysis of particular examples, stakeholder inter-
pretations, refinement of programme theory, and further iterative search-
ing for data in our existing dataset to refine particular subsections of the
programme theory (for more details on the analysis and synthesis proc-
esses, see Part S4).

We continued to apply a realist logic of analysis to synthesize the data.
This means that we followed a process of constantly moving from data to
theory (abductive analysis defined in Part S1) to refine explanations about
why certain behaviours are occurring and tried to frame these explanations
at a level of abstraction that could cover a range of phenomena or patterns
of behaviour in different settings. This included inferences about which
mechanisms may be triggered in specific contexts, as these often remained
hidden or were not articulated adequately in the literature. Relationships
between contexts, mechanisms and outcomes were sought not just within
the same articles, but also across sources. For example, mechanisms
inferred from one article could help explain the way contexts might be seen
to influence outcomes in a different article.
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Step (vi): writing and engagement with
substantive theory
Beyond analysis and synthesis, the writing process also helped us finalize
the programme theory, as it allowed us to bring together the different
CMOCs and to create a narrative that synthesizes and explains the data pre-
sented in the literature. This process also enabled us to fine-tune our inter-
pretations, to debate the meaning and relevance of different aspects of the
programme theory, and to develop shared understandings of our argu-
ments. By drawing on a range of social science and learning theories (iden-
tified in the literature reviewed or separately) we were able to substantiate
the inferences made about mechanisms, contexts, outcomes and the con-
figurations between these elements, and to enhance the plausibility and
coherence of the arguments.37–45

Results

Search results

The process of screening and article selection resulted in 131 refer-
ences. Of those, 81 references came from the main literature search
and 35 references from the additional search. The remaining 15 art-
icles resulted from citation-tracking, targeted searches and expert
suggestions, on the basis of relevance to programme theory.

Of the 131 references, 78 used quantitative methods, 37 used
qualitative methods, 12 were mixed methods papers, and there
were also 3 position papers and 1 report. Part S3 provides more de-
tails on the characteristics of the studies included in the dataset for
the review.

The PRISMA diagram (see Figure 1) illustrates the screening and
selection process.

Focus of the review

Interventions for doctors-in-training were often focused on know-
ledge or skills alone, were not described in enough detail or were
mainly evaluated using pre-/post-study designs. On their own,
these articles did not provide enough information to adequately
develop and refine an in-depth programme theory about how
antimicrobial prescribing intervention components contributed to
particular outcomes. Therefore, we chose to focus on explaining
how antimicrobial prescribing works for trainees as a process more
generally. In this way, we were able to overcome limitations of
poor description and lack of comprehensive evaluations and de-
velop findings that can be transferable across different settings.
Through systematic coding and analysis of the included papers we
were able to reach theoretical saturation on the concepts emerg-
ing as important for the development of programme theory on
antimicrobial prescribing behaviours of doctors-in-training.

We attempted to build explanations of how and why trainees
engage with antimicrobial prescribing differently under different
circumstances. To do this, we focused on situations where anti-
microbial prescribing decisions appear more challenging and
where there is increased uncertainty about what course of action
to take (compared with when decisions are clear-cut, e.g. when
history, examination and investigations more clearly support a

Records identified through
main search (n=628)

Records identified through
additional search (n=2024)

Records after duplicates removed (n=2631)

Records screened (n=2631)

Full-text articles assessed for
eligibility (n=262)

Studies included in synthesis
(n=131)

Records excluded –not meeting
inclusion criteria (n=5)

Records classified as being of low
relevance (n=141)

Records excluded – not meeting
inclusion criteria (n=2369)

Records included through expert
opinion and citation tracking

(n=15)
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Figure 1. PRISMA diagram.
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diagnosis and management plan). Instead of identifying barriers
and facilitators to antimicrobial prescribing, we focused on what
trainees do in the presence of challenges, such as diagnostic uncer-
tainty, inexperience and lack of knowledge, to reach antimicrobial
prescribing decisions.

Programme theory and CMOCs

The following parts of the Results section provide a narrative over-
view of the programme theories on antimicrobial prescribing
practices of doctors-in-training, based on the realist analysis and
explanatory CMOCs developed from the literature reviewed. The nar-
rative presents the programme theories organized under four cate-
gories: (i) influence of the medical hierarchy on prescribing decisions;
(ii) influence of the hierarchy on balancing conflicting priorities and
using sources of support; (iii) assistance seeking and challenging de-
cisions; and (iv) changing contexts. These four categories emerged
following analysis and clustering of the data from the literature.

Only selected CMOCs are presented in this section due to space
constraints. Part S5 includes the full list of all 28 CMOCs along with
examples of data excerpts from the literature. For a more detailed
account of the review, we would direct readers to the full report
from this project published on the NIHR Journals library (link pro-
vided in the Methods section).

Influence of the medical hierarchy on
prescribing ‘decisions’

The literature describes hierarchies as a core and pervasive aspect
of professional socialization in medicine, with senior clinicians
(e.g. consultants) setting the norms about what is appropriate pre-
scribing in practice (i.e. what is and is not acceptable). In the art-
icles reviewed, doctors-in-training are presented as largely
compliant with the behaviours considered legitimate by the formal
prescribing hierarchy (medical ‘chain of command’) at any given
instance (i.e. the ‘prescribing etiquette’). Analysis of the literature
suggests this compliance results primarily from fear of criticism
and fear of individual responsibility for patients deteriorating.
Doctors-in-training are also driven by the need to sustain positive
relationships and manage the impressions of others, in the context
of their seniors’ role in evaluating their performance and influenc-
ing career progression. As described by relevant studies, they try to
fit in with the teams they are working with by adopting an identity
of a competent trainee (which often means ‘doing as you are
told’). Findings related to the role of medical hierarchy on prescrib-
ing decisions are synthesized in CMOCs 1 and 2 (the illustrative
data excerpts used to develop and refine these may be found in
Part S5 and a detailed example of how we developed a CMOC is
illustrated in Part S6):27,46–66

CMOC 1: In a context of learning through role-modelling
within hierarchical relationships (C), junior doctors passively
comply with the prescribing habits and norms set by their se-
niors (O), due to fear of criticism (M) and fear of individual re-
sponsibility for patients deteriorating (M).

CMOC 2: In a context where career progression depends on
hierarchical power relationships (C), junior doctors feel they

have to preserve their reputation and position in the hierarchy
(fitting-in) (M), by actively following the example of their se-
niors and avoiding conflict (O).

The literature discusses particular examples of how norms are set
differently in different specialties. When rotating in different envir-
onments, doctors-in-training encounter a number of different ‘rules’
depending on the specialties, teams or seniors they are working
with. In this respect, antimicrobial prescribing becomes situated—to
respond to the norms and needs of particular situations, and
relational—to respond to the requirements and norms of particular
relationships within hierarchical and inter-professional modes of
working (CMOC 3 in Part S5).27,49,50,52–55,60,64,67–76

According to the articles reviewed, perceptions of responsibility
and accountability also play a role in influencing the extent to
which doctors-in-training follow the norms set by the hierarchy.
When trainees perceive that it is their seniors who have responsibil-
ity for patient outcomes, they tend to follow the practices indi-
cated as legitimate by those seniors who have ultimate
responsibility (CMOC 4 in Part S5).50,57,60,63,77,78

Influence of the hierarchy on balancing conflicting
priorities and using sources of support

Role-modelling from senior to junior levels of the hierarchy
extends to how conflicting goals should be prioritized (CMOC 5 in
Part S5). The way senior clinicians engage in decision-making
indicates to trainees how they should prioritize between more im-
mediate, individual short-term goals of patient recovery (e.g. from
possible sepsis) and long-term, collective goals of minimizing anti-
microbial resistance. In examples included in the literature, it is
suggested that seniors also role-model how to find a balance be-
tween the need for antimicrobial prescribing against the risk of
side effects (e.g. Clostridium difficile infection).60,61,79

In such a context of learning through implicit or explicit role-
modelling within hierarchical relationships, junior doctors follow the
example of seniors, not just in their prescribing decisions, but also in
what they count as legitimate sources of support for making pre-
scribing decisions (CMOCs 6–8 in Part S5).27,49,53–56,60,61,66,70,74,76,80–94

Data from included studies indicates that doctors-in-training will be
more inclined to follow guidelines when this is clearly signalled as ap-
propriate behaviour by the senior clinical staff they are accountable
to. The primary influence behind guideline use seems to be whether
these are adopted and perceived as credible by senior colleagues
(CMOC 9 in Part S5 for factors influencing guideline credibility and
use).27,53,83,95 The way seniors negotiate patient expectations also
seems to play an overriding role in how doctors-in-training decide to
respond to perceived patient pressures to prescribe antibiotics (CMOC
10 in Part S5).53–55,61,96

Besides the role of guidelines and patient expectations, the
literature suggests that senior doctors also role-model how
the opinions of other health professionals should be taken
into account. By creating a legitimate role for other health
professionals in the antimicrobial prescribing process, senior
doctors signal to their trainees what is appropriate behaviour to
follow, whose opinion counts, in what cases and to what extent
(CMOCs 11–12 in Part S5).28,53,71,76,97,98 Some contexts are
described in the literature where inter-professional (where relative
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status differences are more ambiguous) supervision and contribu-
tion may play an important role. For example, newly qualified doc-
tors may turn to the pharmacist as a source of support external to
the medical hierarchy, as they will feel less fear of appearing
ignorant or experiencing negative repercussions (CMOC 13 in
Part S5).27,28,47,51,53,60,61,65,70,75,77,97,99,100

Analysis of the data in the included studies shows that
role-modelling may result in positive learning, when (for example)
senior doctors follow appropriate prescribing behaviours and
clearly explain the rationale of their decisions (e.g. how these
correspond to the evidence base or why they diverge based on
specific patient needs). According to the literature, optimal
role-modelling means explicitly setting the rules about how hier-
archical relationships operate in different environments and how
trainees should expect to be embedded within them (CMOC 14 in
Part S5).28,50,53,55,61,83,97,101–109 Conversely, role-modelling may
result in the reinforcement of suboptimal prescribing habits and
prescribing etiquette(s) if rules remain implicit or are only enforced
through authority and the rationale is not clarified to facilitate
learning (CMOC 15 in Part S5).27,28,50,53–55,64,77,84,97,109–113 Such
hierarchical environments where the rationale for prescribing
decisions is rarely discussed are often perceived to contribute
to a culture of using doctors-in-training to provide service
rather than prioritizing their learning needs (CMOC 16 in
Part S5).15,63,110,111,113–115

Assistance seeking and challenging decisions

In hierarchical environments, rules on how to interact with other
healthcare professionals and on how to effectively apply know-
ledge in practice at different training levels often remain implicit
(or unspoken). As a result, doctors-in-training face difficulties
making ‘choices’ and navigating relationships with health
professionals that could provide them with assistance (CMOC 17 in
Part S5).28,63,69,71,73,77,79,83,98–100,102–104,116–122

Detailed analysis of the literature highlights how trainees make
detailed judgements about: (i) whether or not it would be acceptable
to ask for assistance when making certain antimicrobial prescribing
decisions; (ii) what types of topics would be acceptable to ask about;
(iii) who they should address their questions to; and (iv) how they
should frame and communicate their questions. Doctors-in-training
make judgements on these points, depending on the condition of
the patient, whether they feel a case falls within their remit or know-
ledge, and depending on what they think the consequences of seek-
ing assistance from particular colleagues would be (CMOCs 18–20 in
Part S5).28,63,69,71,73,77,79,83,98–100,102–104,116–122

Similar dynamics seem to apply in cases where trainees con-
sider challenging the decisions of their seniors. The literature dis-
cusses how reluctance to challenge stems from the belief that it is
unlikely that the senior would change their decision, that any error
would not be major enough to result in direct patient harm,
and that it would be more appropriate for someone else at a differ-
ent position in the hierarchy to identify and intercept the error
(CMOCs 21–22 in Part S5).27,47,50,60,64,78,103,110,115,122–129 In
contrast, where senior clinicians signal openness to receiving ques-
tions and set relevant norms of behaviour, they may increase trust
in junior–senior relationships and allow doctors-in-training to
feel more comfortable in raising questions (CMOCs 23–24 in
Part S5).50,60,78,115,123,125,127,129,130

Yet, the literature suggests that even when seniors are per-
ceived as approachable, some doctors-in-training still refrain from
asking for help and/or advice, out of fear of upsetting established
relationships and due to a perception that this will negatively im-
pact on their reputation. This shows that collective hierarchical
norms are often more powerful than norms or rules set by individ-
ual senior doctors (CMOC 25 in Part S5)100,117 while discrepancies in
perceptions of communication openness between hierarchical lev-
els are prevalent (CMOC 26 in Part S5).63,123,131,132

Changing contexts

As training progresses, doctors become more comfortable negoti-
ating the boundaries of responsibility, knowledge expected and its
application in practice at different stages. Through professional
socialization in different environments they learn how to oper-
ate under different rules set by the local hierarchies. Their ability
to ask questions and confidently argue alternative positions
changes over time, as with increasing seniority they are expected
to assume more autonomy and responsibility (CMOCs 27–28 in
Part S5).55,57,72,76,77,100,111,115,116,129

Figure 2 provides an overarching programme theory which con-
solidates the relationships between the 28 detailed explanations
(i.e. CMOCs) emerging from the data, organized around the import-
ant outcomes identified.

Discussion

Summary of findings

The IMPACT review adds to a growing literature that acknowledges
the importance of the wider context in which an intervention is im-
plemented and attempts to explain how and why trainee prescrib-
ing practices differ under different circumstances. In doing this, the
review does not aim to produce evidence about the relative advan-
tages of different interventions. Given the complexity and clinical
uncertainty inherent in antimicrobial prescribing, it is likely that a
context-sensitive combination of top-down and bottom-up, multi-
faceted solutions and ongoing support will be required to improve
practice.133,134 Rather, we looked at how interventions can be tail-
ored effectively for doctors-in-training, taking into account the way
trainees negotiate antibiotic prescribing in practice.

The overarching programme theory of the IMPACT review ex-
plains how and why doctors-in-training decide in certain contexts
to passively comply with or actively follow their seniors’ prescribing
habits, the way they take into account prescribing aids and consult
other health professionals, along with how they negotiate patient
expectations (the most common outcomes in the data). The pro-
gramme theory also explains what drives reluctance or willingness
to ask questions about antimicrobial prescribing or to challenge
the decisions made by seniors, as well as how this changes as
training progresses. As discussed in the literature reviewed, these
outcomes result from complex interrelationships between the
contexts in which doctors-in-training practice (i.e. hierarchical rela-
tionships, with powerful prescribing norms, where there is little
clarity around roles and responsibilities, and knowledge expect-
ations and how to apply knowledge in practice remain implicit)
and the mechanisms triggered in these contexts (i.e. fear of criti-
cism, fear of individual responsibility, need to manage one’s own
reputation and position in the team, and to appear as competent).
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Comparison with existing literature

Despite recognition of the significant influence of social norms in
trainee prescribing, there is still emphasis on purely knowledge- or
skills-based interventions.56,59,61,66,72,80,85,87,88,135–139 This em-
phasis is underpinned by an assumption that, having identified
misplaced beliefs and erroneous prescribing decisions, one can im-
prove the knowledge ‘deficit’ by delivering targeted education.
However, our findings show that doctors-in-training often struggle,
not just because of knowledge ‘deficits’, but because they have dif-
ficulty applying their knowledge in practice. When education and
feedback interventions are disjointed from how prescribing deci-
sions are made in the workplace, they are less likely to result in
meaningful and sustainable change. Therefore, there is a need to
incorporate an understanding of local prescribing norms and
power dynamics in the design and delivery of context-sensitive
education and feedback programmes, including training on team-
work, communication, error awareness and management that
addresses the influence of hierarchical teams.54,85,105,140,141

Although doctor leadership has been widely discussed, pro-
moted and encouraged in healthcare globally (and especially in
the UK NHS), little attention has been paid to how ‘leading from
beneath’—building leadership capabilities in the context of a hier-
archical setting—could contribute to more appropriate antimicro-
bial prescribing decisions.62,142–144 It may also be relevant
to consider antimicrobial prescribing competencies for senior
clinicians (or for more senior trainees) including deliberately
role-modelling appropriate prescribing and facilitating assistance
from antimicrobial specialists, both within and across specialties
and occupational groups. Our findings indicate that accepting

antimicrobial prescribing more widely as ‘a specialized act’ could
significantly legitimize the input of antimicrobial specialists and
foster collaborative working.60,136,145,146 Without senior involve-
ment, however, it would be difficult to set an example for junior
doctors.

Recommendations for policy and practice

Based on the findings of the review, we have focused our recom-
mendations on six key areas for consideration when designing and
implementing antimicrobial prescribing interventions for doctors-
in-training (Figure 3). These recommendations have been de-
veloped so that they are transferable and generic enough to allow
local tailoring of different types of interventions for different
environments.

(i) Making AMR everyone’s ‘business’

Given the importance of hierarchical dynamics in influencing pre-
scribing decisions, it would not be adequate to implement inter-
ventions that target one specific group of prescribers, especially
when this group is considered to have a lower status in the hier-
archy. A wider cultural shift is necessary across all professional
groups and levels of training.

(ii) Specifying what trainees at different levels of training
are responsible for

Having commonly agreed roles and responsibilities for appropriate
antimicrobial prescribing (e.g. reviewing antibiotics prescribed)

Passively complying
with/actively choosing to
follow:
- senior prescribing practices
- the way seniors take into
account prescribing aids and
sources of support
- the way seniors take into
account patient expectations
- the way seniors take into
account the opinion of other
health professionals

Reluctance/willingness to ask
questions or to challenge
senior decisions

(growing willingness as training
progresses but still within the
influence of prescribing norms
and hierarchies)

Hierarchical
relationships

Powerful
prescribing norms

Lack of clear roles
& responsibilities

Implicit knowledge
& engagement

boundaries

Fear of individual
responsibility

Appearing as
competent

Fitting in with the
team

Managing own
reputation

Fear of criticism

Figure 2. Overarching realist programme theory.
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could mean doctors-in-training would be empowered to take the
initiative and address how treatment may be optimized for each
patient.

(iii) Clarifying knowledge, skills and capabilities needed to
fulfil responsibilities

In addition to setting particular roles and responsibilities, it would
also be important to ensure appropriate knowledge and skills
(e.g. in the form of training or prescribing resources) are in place,
and that there is scope to apply this knowledge in practice, so
trainees can perform their roles effectively.

(iv) Providing clear processes for seeking advice
and support

Developing explicit processes for seeking assistance, i.e. commonly
accepted procedures for seeking help from particular colleagues or
seniors (e.g. explicit rules on who should they call and when),
would facilitate decision-making for doctors-in-training and would
reduce barriers to seeking advice.

(v) Ensuring changes are endorsed and reinforced by
seniors in the workplace

As senior doctors play a significant role in setting prescribing norms
and influencing junior clinicians, any interventions that do not

match accepted norms may not translate to better practice.
Hierarchical relationships can play a constructive role when used
to role-model and reinforce appropriate prescribing behaviours.

(vi) Enabling adequate trust so clinicians will ask questions
and challenge

Being explicit about appropriate knowledge levels, skills and capa-
bilities for different stages in training—see point (iii) above—would
be a necessary first step in building explicit boundaries around
what questions are considered legitimate (what is it that one is ex-
pected to know and what is not). This may not be sufficient on its
own, however, as there is a need to actively develop conditions in
which doctors-in-training will feel safe to ask questions, feed back
to their clinical teams and challenge decisions made by others.

To extend the reach of our work, as advised by our stakeholder
group, we have also developed an animation video that can be
used as part of medical training to trigger reflection and discussion
on antimicrobial prescribing (https://vimeo.com/190717025).

Strengths and limitations

To conduct this review we have systematically applied rigorous
methodological guidance for realist reviews as described in the
RAMESES quality standards.147 Use of a realist approach has
allowed us to place emphasis on how contexts influence out-
comes and to focus on identifying generative mechanisms,

Do antimicrobial
prescribing

interventions for
doctors-in-training...

...make AMR
everyone’s
business?

1

6
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Figure 3. Areas to consider when designing or implementing antimicrobial prescribing interventions that include or target doctors-in-training.
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thereby producing findings that are transferable across different
types of interventions and across settings. This is reflected in the
project outputs (animation and infographic) which have wider
applicability.

By definition, however, evidence syntheses are reliant on the evi-
dence that is available. We found that interventions were often not
described in enough detail to be able to draw conclusions on how
their different aspects had resulted in improved prescribing for
doctors-in-training. In some of the CMOCs, lack of adequately de-
tailed data in included papers means we have not been able to fully
determine some of the fine-grained relationships between contexts,
mechanisms and outcome. In addition, the majority of the articles
were set in secondary care, rather than general practice. This re-
mains a limitation of the study, although our interpretations of the
data attempted to account for differences between settings.

Conclusions

Few interventions to change the antimicrobial prescribing practice
of doctors-in-training are designed and implemented in ways that
pay adequate attention to the influence of contexts and the ways
these change during clinical training. There is little scope for im-
provement if the contexts in which antimicrobial prescribing is
nested remain unacknowledged. This realist review contributes to
our understanding of how antimicrobial prescribing interventions
can be better embedded in the hierarchical and inter-professional
dynamics of different healthcare settings. Recommendations
emerging from this work can be transferable across settings to bet-
ter support trainees with their antimicrobial prescribing practice.
Together with our stakeholder group, we have also developed dis-
semination materials to enable optimal tailoring, design and imple-
mentation of antimicrobial prescribing interventions targeted at
doctors-in-training. Further research could focus on how the impli-
cations identified in this review can be addressed in practice.

Acknowledgements
We would like to express our thanks to those who contributed their views
and feedback during the review: Cressida Auckland, Lucy Brooke, Isobel
Eaton, Rose Gallagher, Julie Harvey, Philip Howard, Fran Husson, Alice Miller,
Russell O’Brien, Hazel Parker, Rakesh Patel, Laura Piddock, John (Otto)
Poole, Robert Porter, John Reynolds, Mohamed Sadak, Shirley Stevens, Lynn
Tatnell, Mary Tully, Carwyn Watkins and Len Worsfold. Thanks are also
due to the members of the steering group: Rob Anderson, Peter Riou
and Rod Sheaff. We would also like to acknowledge the three anonym-
ous referees for their constructive comments that helped strengthen the
paper.

Funding
This work was supported by the National Institute for Health Research (NIHR)
Health Services and Delivery Research (HS&DR) Programme (13/97/24), and
by the NIHR Collaboration for Leadership in Applied Health Research and Care
South West Peninsula.

Transparency declarations
G. W. is a member of the Health Technology Assessment Primary Care
Panel. All other authors: none to declare.

Author contributions
N. B., K. M., M. P. and G. W. developed the research project. S. B. de-
veloped and conducted the search strategies. M. P. facilitated patient
and public involvement for the review. N. B., K. M., M. P. and G. W. shaped
the formal search strategies, provided content and theoretical literature,
methodological expertise, and contributed to the development and re-
finement of programme theory. C. P. contributed to the formal search
strategies, carried out screening and article selection processes, applied
a realist logic of analysis to the data, identified theoretical ideas for the
programme theory, facilitated the stakeholder meetings, drafted the
project report and co-authored this paper. G. W. was the principal investi-
gator, applied a realist logic of analysis to the data, carried out consist-
ency checks and co-authored this paper. All authors read, reviewed and
approved the final manuscript.

Disclaimer
The views and opinions expressed herein are those of the authors and do
not necessarily reflect those of the HS&DR Programme, the NIHR, the
NHS or the Department of Health.

Supplementary data
Supplementary data (Parts S1–S6) are available at JAC Online.

References
1 United Nations. Draft Political Declaration of the High-Level Meeting of the
General Assembly on Antimicrobial Resistance. 2016. http://www.un.org/pga/
71/wp-content/uploads/sites/40/2016/09/DGACM_GAEAD_ESCAB-AMR-Draft
-Political-Declaration-1616108E.pdf.

2 Department of Health. Annual Report of the Chief Medical Officer:
Infections and the Rise of Antimicrobial Resistance 2011. https://www.gov.uk/
government/uploads/system/uploads/attachment_data/file/138331/CMO_
Annual_Report_Volume_2_2011.pdf.

3 Department of Health. UK Five Year Antimicrobial Resistance Strategy 2013
to 2018. 2013. https://www.gov.uk/government/publications/uk-5-year-anti
microbial-resistance-strategy-2013-to-2018.

4 Department of Health. UK and China Start Global Fund to Tackle
Drug Resistant Infections (Press Release). 2015. https://www.gov.uk/
government/news/uk-and-china-start-global-fund-to-tackle-drug-re
sistant-infections.

5 UK Mission to the United Nations Geneva. Statement by UK Public Health
Minister on the First Day of the 68th Session of the World Health Assembly,
Geneva (Press Release). 2015. https://www.gov.uk/government/world-loca
tion-news/statement-by-uk-public-health-minister-on-the-first-day-of-the-
68th-session-of-the-world-health-assembly-geneva-18-may-2015.

6 HM Government. Tackling Drug-Resistant Infections Globally: Final Report
and Recommendations. 2016. https://amr-review.org/sites/default/files/
160525_Final%20paper_with%20cover.pdf.

7 Howard P, Pulcini C, Levy Hara G et al. An international cross-sectional sur-
vey of antimicrobial stewardship programmes in hospitals. J Antimicrob
Chemother 2014; 70: 1245–55.

8 Ashiru-Oredope D, Budd EL, Bhattacharya A et al. Implementation of anti-
microbial stewardship interventions recommended by national toolkits in pri-
mary and secondary healthcare sectors in England: TARGET and Start Smart
Then Focus. J Antimicrob Chemother 2016; 71: 1408–14.

9 Ashiru-Oredope D, Sharland M, Charani E et al. Improving the quality of
antibiotic prescribing in the NHS by developing a new Antimicrobial

Systematic review JAC

9 of 13

Deleted Text:  
Deleted Text: '
http://www.un.org/pga/71/wp-content/uploads/sites/40/2016/09/DGACM_GAEAD_ESCAB-AMR-Draft-Political-Declaration-1616108E.pdf
http://www.un.org/pga/71/wp-content/uploads/sites/40/2016/09/DGACM_GAEAD_ESCAB-AMR-Draft-Political-Declaration-1616108E.pdf
http://www.un.org/pga/71/wp-content/uploads/sites/40/2016/09/DGACM_GAEAD_ESCAB-AMR-Draft-Political-Declaration-1616108E.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/138331/CMO_Annual_Report_Volume_2_2011.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/138331/CMO_Annual_Report_Volume_2_2011.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/138331/CMO_Annual_Report_Volume_2_2011.pdf
https://www.gov.uk/government/publications/uk-5-year-antimicrobial-resistance-strategy-2013-to-2018
https://www.gov.uk/government/publications/uk-5-year-antimicrobial-resistance-strategy-2013-to-2018
https://www.gov.uk/government/news/uk-and-china-start-global-fund-to-tackle-drug-resistant-infections
https://www.gov.uk/government/news/uk-and-china-start-global-fund-to-tackle-drug-resistant-infections
https://www.gov.uk/government/news/uk-and-china-start-global-fund-to-tackle-drug-resistant-infections
https://www.gov.uk/government/world-location-news/statement-by-uk-public-health-minister-on-the-first-day-of-the-68th-session-of-the-world-health-assembly-geneva-18-may-2015
https://www.gov.uk/government/world-location-news/statement-by-uk-public-health-minister-on-the-first-day-of-the-68th-session-of-the-world-health-assembly-geneva-18-may-2015
https://www.gov.uk/government/world-location-news/statement-by-uk-public-health-minister-on-the-first-day-of-the-68th-session-of-the-world-health-assembly-geneva-18-may-2015
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf


Stewardship Programme: Start Smart—Then Focus. J Antimicrob Chemother
2012; 67 Suppl 1: i51–63.

10 Royal College of General Practitioners. TARGET Antibiotics Toolkit 2014.
http://www.rcgp.org.uk/targetantibiotics/.

11 Nathwani D, Christie P. The Scottish approach to enhancing antimicrobial
stewardship. J Antimicrob Chemother 2007; 60 Suppl 1: i69–71.

12 Department of Health. Hospital Pharmacy Initiative for Promoting
Prudent Use of Antibiotics in Hospitals. Department of Health, 2003. http://
www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/docu
ments/digitalasset/dh_4013409.pdf.

13 Medical Schools Council. Outcomes of the Medical Schools Council Safe
Prescribing Working Group 2007. http://www.medschools.ac.uk/publications/
pages/safe-prescribing-working-group-outcomes.aspx.

14 Bhattacharya A, Hopkins S, Sallis A et al. A process evaluation of the UK-
wide Antibiotic Guardian campaign: developing engagement on antimicro-
bial resistance. J Public Health (Oxf) 2016; doi:10.1093/pubmed/fdw059.

15 Friedman SM, Sowerby RJ, Guo R et al. Perceptions of emergency medi-
cine residents and fellows regarding competence, adverse events and report-
ing to supervisors: a national survey. CJEM 2010; 12: 491–9.

16 Hallsworth M, Chadborn T, Sallis A et al. Provision of social norm feedback
to high prescribers of antibiotics in general practice: a pragmatic national
randomised controlled trial. Lancet 2016; 387: 1743–52.

17 PHE. English Surveillance Programme for Antimicrobial Utilisation and
Resistance (ESPAUR) Report. 2016. https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/575626/ESPAUR_Report_2016.pdf.

18 Lee GC, Reveles KR, Attridge RT et al. Outpatient antibiotic prescribing in
the United States: 2000 to 2010. BMC Med 2014; 12: 96.

19 Fleming-Dutra KE, Hersh AL, Shapiro DJ et al. Prevalence of inappropriate
antibiotic prescriptions among US ambulatory care visits, 2010-2011. JAMA
2016; 315: 1864–73.

20 Dellit TH, Owens RC, McGowan JE et al. Infectious Diseases Society of
America and the Society for Healthcare Epidemiology of America guidelines
for developing an institutional program to enhance antimicrobial steward-
ship. Clin Infect Dis 2007; 44: 159–77.

21 Barlam TF, Cosgrove SE, Abbo LM et al. Implementing an antibiotic
stewardship program: guidelines by the Infectious Diseases Society of
America and the Society for Healthcare Epidemiology of America. Clin Infect
Dis 2016; 62: e51–77.

22 Pollack LA, van Santen KL, Weiner LM et al. Antibiotic stewardship pro-
grams in U.S. acute care hospitals: findings from the 2014 National Healthcare
Safety Network Annual Hospital Survey. Clin Infect Dis 2016; 63: 443–9.

23 Goff DA, Kullar R, Goldstein EJC et al. A global call from five countries to
collaborate in antibiotic stewardship: united we succeed, divided we might
fail. Lancet Infect Dis 2017; 17: e56–63.

24 Arnold SR, Straus SE. Interventions to improve antibiotic prescribing prac-
tices in ambulatory care. Cochrane Database Syst Rev 2005; issue 4:
CD003539.

25 Davey P, Brown E, Charani E et al. Interventions to improve antibiotic pre-
scribing practices for hospital inpatients. Cochrane Database Syst Rev 2013;
issue 4: CD003543.

26 Charani E, Birgand G. Managing behaviours: social, cultural, and psy-
chological aspects of antibiotic prescribing and use. Chapter 3. In: Laundy
M, Gilchrist M, Whitney L. eds. Antimicrobial Stewardship. Oxford: Oxford
University Press, 2016.

27 Charani E, Castro-Sanchez E, Sevdalis N et al. Understanding the deter-
minants of antimicrobial prescribing within hospitals: the role of “prescribing
etiquette”. Clin Infect Dis 2013; 57: 188–96.

28 Mattick K, Kelly N, Rees C. A window into the lives of junior doctors: narra-
tive interviews exploring antimicrobial prescribing experiences. J Antimicrob
Chemother 2014; 69: 2274–83.

29 Tully MP, Ashcroft DM, Dornan T et al. The causes of and factors associ-
ated with prescribing errors in hospital inpatients. Drug Saf 2009; 32: 819–36.

30 Brennan N, Mattick K. A systematic review of educational interventions to
change behaviour of prescribers in hospital settings, with a particular em-
phasis on new prescribers. Br J Clin Pharmacol 2013; 75: 359–72.

31 Wong G, Brennan N, Mattick K et al. Interventions to improve antimicro-
bial prescribing of doctors in training: the IMPACT (IMProving Antimicrobial
presCribing of doctors in Training) realist review. BMJ Open 2015; 5: e009059.

32 Pawson R, Greenhalgh T, Harvey G et al. Realist synthesis: an intro-
duction. ESRC Research Methods Programme. London: ESRC Working
Paper Series, 2004.

33 Wong G, Greenhalgh T, Westhorp G et al. RAMESES publication standards:
realist syntheses. BMC Med 2013; 11: 21.

34 Greenhalgh T, Peacock R. Effectiveness and efficiency of search methods
in systematic reviews of complex evidence: audit of primary sources. BMJ
2005; 331: 1064–5.

35 Pawson R, Owen L, Wong G. The Today Programme’s contribution to
evidence-based policy. Evaluation 2010; 16: 211–3.

36 Pawson R. Evidence-Based Policy: A Realist Perspective. London: Sage, 2006.

37 Aveling EL, Parker M, Dixon-Woods M. What is the role of individual ac-
countability in patient safety? A multi-site ethnographic study. Sociol Health
Illn 2016; 38: 216–32.

38 Broom A, Broom J, Kirby E. Cultures of resistance? A Bourdieusian analysis
of doctors’ antibiotic prescribing. Soc Sci Med 2014; 110: 81–8.

39 Goffman E. The Presentation of Self in Everyday Life. Harmondsworth:
Penguin, 1978.

40 Lave J, Wenger E. Situated Learning: Legitimate Peripheral Participation.
Cambridge: Cambridge University Press, 1991.

41 Merton R. On sociological theories of the middle-range. In: R. Merton,
ed. On Theoretical Sociology: Five Essays, Old and New. New York: Free
Press, 1967; 39–72.

42 Toulmin SE. The Uses of Argument. New York: Cambridge University
Press, 2003.

43 Wenger E. Communities of Practice: Learning, Meaning, and Identity. New
York: Cambridge University Press, 1998.

44 Graham ID, Logan J, Harrison MB et al. Lost in knowledge translation:
time for a map? J Contin Educ Health Prof 2006; 26: 13–24.

45 Pawson R. Middle range theory and programme theory evaluation: from
provenance to practice. In: J Vaessen, F Leeuw, eds. Mind the Gap:
Perspectives on Policy Evaluation and the Social Sciences. New Brunswick,
London: Transaction Publishers, 2010; 171–202.

46 Ajemigbitse A, Omole M, Ezike N et al. Assessment of the knowledge and
attitudes of intern doctors to medication prescribing errors in a Nigeria tertiary
hospital. J Basic Clin Pharma 2014; 5: 7–14.

47 Ajemigbitse AA, Omole MK, Osi-Ogbu OF et al. A qualitative study of
causes of prescribing errors among junior medical doctors in a Nigeria in-
patient setting. Ann Afr Med 2013; 12: 223–31.

48 Akici A, Kalaca S, Goren MZ et al. Comparison of rational pharmacother-
apy decision-making competence of general practitioners with intern doc-
tors. Eur J Clin Pharmacol 2004; 60: 75–82.

49 Ali MH, Kalima P, Maxwell SR. Failure to implement hospital antimicro-
bial prescribing guidelines: a comparison of two UK academic centres.
J Antimicrob Chemother 2006; 57: 959–62.

50 Bould MD, Sutherland S, Sydor DT et al. Residents’ reluctance to challenge
negative hierarchy in the operating room: a qualitative study. Can J Anesth
2015; 62: 576–86.

51 Chaves NJ, Cheng AC, Runnegar N et al. Analysis of knowledge and atti-
tude surveys to identify barriers and enablers of appropriate antimicrobial pre-
scribing in three Australian tertiary hospitals. Intern Med J 2014; 44: 568–74.

Systematic review

10 of 13

http://www.rcgp.org.uk/targetantibiotics/
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets///documents/digitalasset/dh_4013409.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets///documents/digitalasset/dh_4013409.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets///documents/digitalasset/dh_4013409.pdf
http://www.medschools.ac.uk/publications/pages/safe-prescribing-working-group-outcomes.aspx
http://www.medschools.ac.uk/publications/pages/safe-prescribing-working-group-outcomes.aspx
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/575626/ESPAUR_Report_2016.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/575626/ESPAUR_Report_2016.pdf


52 Conte H, Scheja M, Hjelmqvist H et al. Exploring teams of learners becom-
ing “WE” in the Intensive Care Unit—a focused ethnographic study. BMC Med
Educ 2015; 15: 131.

53 Cortoos PJ, De Witte K, Peetermans WE et al. Opposing expectations and
suboptimal use of a local antibiotic hospital guideline: a qualitative study.
J Antimicrob Chemother 2008; 62: 189–95.

54 Dallas A, van Driel M, van de Mortel T et al. Antibiotic prescribing for the fu-
ture: exploring the attitudes of trainees in general practice. Br J Gen Pract
2014; 64: e561–7.

55 De Souza V, MacFarlane A, Murphy AW et al. A qualitative study of factors
influencing antimicrobial prescribing by non-consultant hospital doctors.
J Antimicrob Chemother 2006; 58: 840–3.

56 Fakih MG, Berschback J, Juzych NS et al. Compliance of resident and staff
physicians with IDSA guidelines for the diagnosis and treatment of strepto-
coccal pharyngitis. Infect Dis Clin Pract 2006; 14: 84–8.

57 Gordon LJ, Rees CE, Ker JS et al. Dimensions, discourses and differences:
trainees conceptualising health care leadership and followership. Med Educ
2015; 49: 1248–62.

58 Lee TC, Frenette C, Jayaraman D et al. Antibiotic self-stewardship:
trainee-led structured antibiotic time-outs to improve antimicrobial use. Ann
Intern Med 2014; 161: S53–8.

59 Liabsuetrakul T, Chongsuvivatwong V, Lumbiganon P et al. Obstetricians’
attitudes, subjective norms, perceived controls, and intentions on antibiotic
prophylaxis in caesarean section. Soc Sci Med 2003; 57: 1665–74.

60 Livorsi D, Comer A, Matthias MS et al. Factors influencing antibiotic-
prescribing decisions among inpatient physicians: a qualitative investigation.
Infect Control Hosp Epidemiol 2015; 36: 1065–72.

61 May L, Gudger G, Armstrong P et al. Multisite exploration of clinical decision
making for antibiotic use by emergency medicine providers using quantitative
and qualitative methods. Infect Control Hosp Epidemiol 2014; 35: 1114–25.

62 Sculli GL, Fore AM, Sine DM et al. Effective followership: a standardized al-
gorithm to resolve clinical conflicts and improve teamwork. J Healthc Risk
Manag 2015; 35: 21–30.

63 Tallentire VR, Smith SE, Skinner J et al. Understanding the behaviour of
newly qualified doctors in acute care contexts. Med Educ 2011; 45: 995–1005.

64 Walton MM. Hierarchies: the Berlin Wall of patient safety. Qual Saf Health
Care 2006; 15: 229–30.

65 Welch SA, Novy M, Preisz P et al. Promoting rational prescribing by emer-
gency department junior medical officers. Aust J Hosp Pharm 2000; 30: 262–7.

66 Ziglam HM, Morales D, Webb K et al. Knowledge about sepsis among
training-grade doctors. J Antimicrob Chemother 2006; 57: 963–5.

67 Hoff TJ. How work context shapes physician approach to safety and error.
Qual Manag Health Care 2008; 17: 140–53.

68 Hoff TJ, Pohl H, Bartfield J. Teaching but not learning: how medical resi-
dency programs handle errors. J Organiz Behav 2006; 27: 869–96.

69 Illing J, Morrow G, Kergon C et al. How Prepared Are Medical Graduates to
Begin Practice: A Comparison of Three Diverse UK Medical Schools. Report to
the General Medical Council Education Committee, 2008.

70 Kilminster S, Zukas M, Quinton N et al. Preparedness is not enough:
understanding transitions as critically intensive learning periods. Med Educ
2011; 45: 1006–15.

71 McLellan L, Dornan T, Newton P et al. Pharmacist-led feedback work-
shops increase appropriate prescribing of antimicrobials. J Antimicrob
Chemother 2016; 71: 1415–25.

72 Navarro-San Francisco C, Del Toro MD, Cobo J et al. Knowledge and per-
ceptions of junior and senior Spanish resident doctors about antibiotic use
and resistance: results of a multicenter survey. Enferm Infecc Microbiol Clin
2013; 31: 199–204.

73 Stewart J. To call or not to call: a judgement of risk by pre-registration
house officers. Med Educ 2008; 42: 938–44.

74 Tell D, Engstrom S, Molstad S. Adherence to guidelines on antibiotic treat-
ment for respiratory tract infections in various categories of physicians: a
retrospective cross-sectional study of data from electronic patient records.
BMJ Open 2015; 5: e008096.

75 Tobaiqy M, McLay J, Ross S. Foundation year 1 doctors and clinical
pharmacology and therapeutics teaching. A retrospective view in light of ex-
perience. Br J Clin Pharmacol 2007; 64: 363–72.

76 Zaidi ST, Thursky KA. Using formative evaluation to improve uptake of
a web-based tool to support antimicrobial stewardship. J Clin Pharm Ther
2013; 38: 490–7.

77 Bearman M, Lawson M, Jones A. Participation and progression: new med-
ical graduates entering professional practice. Adv Health Sci Educ Theory
Pract 2011; 16: 627–42.

78 Friedman Z, Hayter MA, Everett TC et al. Power and conflict: the effect of
a superior’s interpersonal behaviour on trainees’ ability to challenge authority
during a simulated airway emergency. Anaesthesia 2015; 70: 1119–29.

79 Almatar MA, Peterson GM, Thompson A et al. Factors influencing ceftriax-
one use in community-acquired pneumonia: emergency doctors’ perspec-
tives. Emerg Med Australas 2014; 26: 591–5.

80 Abbo L, Sinkowitz-Cochran R, Smith L et al. Faculty and resident phys-
icians’ attitudes, perceptions, and knowledge about antimicrobial use and re-
sistance. Infect Control Hosp Epidemiol 2011; 32: 714–8.

81 Almatar MA, Peterson GM, Thompson A et al. Community-acquired pneu-
monia: why aren’t national antibiotic guidelines followed? Int J Clin Pract
2015; 69: 259–66.

82 Ambroggio L, Thomson J, Murtagh Kurowski E et al. Quality improvement
methods increase appropriate antibiotic prescribing for childhood pneumo-
nia. Pediatrics 2013; 131: e1623–31.

83 Barlow G, Nathwani D, Myers E et al. Identifying barriers to the rapid ad-
ministration of appropriate antibiotics in community-acquired pneumonia.
J Antimicrob Chemother 2008; 61: 442–51.

84 Chow A, Lye DCB, Arah OA. Psychosocial determinants of physicians’ ac-
ceptance of recommendations by antibiotic computerised decision support
systems: a mixed methods study. Int J Antimicrob Agents 2015; 45: 295–304.

85 Dallas A, Magin P, Morgan S et al. Antibiotic prescribing for respiratory in-
fections: a cross-sectional analysis of the ReCEnT study exploring the habits
of early-career doctors in primary care. Fam Pract 2015; 32: 49–55.

86 Doyon S, Perreault M, Marquis C et al. Quantitative evaluation of a clinical
intervention aimed at changing prescriber behaviour in response to new
guidelines. J Eval Clin Pract 2009; 15: 1111–7.

87 Fakih MG, Hilu RC, Savoy-Moore RT et al. Do resident physicians use antibi-
otics appropriately in treating upper respiratory infections? A survey of 11 pro-
grams. Clin Infect Dis 2003; 37: 853–6.

88 Gaur AH, Hare ME, Shorr RI. Provider and practice characteristics associ-
ated with antibiotic use in children with presumed viral respiratory tract infec-
tions. Pediatrics 2005; 115: 635–41.

89 Limbert C, Lamb R. Doctors’ use of clinical guidelines: two applications of
the theory of planned behaviour. Psychol Health Med 2002; 7: 301–10.

90 Menendez R, Torres A, Zalacain R et al. Guidelines for the treatment of
community-acquired pneumonia: predictors of adherence and outcome. Am
J Respir Crit Care Med 2005; 172: 757–62.

91 Mincey BA, Parkulo MA. Antibiotic prescribing practices in a teaching clinic:
comparison of resident and staff physicians. South Med J 2001; 94: 365–9.

92 Newham R, Thomson AH, Semple Y et al. Barriers to the safe and effect-
ive use of intravenous gentamicin and vancomycin in Scottish hospitals,
and strategies for quality improvement. Eur J Hosp Pharm Sci Pract 2015; 22:
32–7.

93 Vivekananda-Schmidt P, Vernon B. FY1 doctors’ ethicolegal challenges in
their first year of clinical practice: an interview study. J Med Ethics 2014; 40:
277–81.

Systematic review JAC

11 of 13



94 Zallman L, Ma J, Xiao L et al. Quality of US primary care delivered by resi-
dent and staff physicians. J Gen Intern Med 2010; 25: 1193–7.

95 Asseray N, Mallaret MR, Sousbie M et al. Antibiotherapy in hospital:
evaluation of prescription habits within a hospital network. Med Mal Infect
2002; 32: 468–76.

96 Undeland DK, Kowalski TJ, Berth WL et al. Appropriately prescribing anti-
biotics for patients with pharyngitis: a physician-based approach vs a nurse-
only triage and treatment algorithm. Mayo Clin Proc 2010; 85: 1011–5.

97 Gordon LJ, Rees CE, Ker JS et al. Leadership and followership in the
healthcare workplace: exploring medical trainees’ experiences through nar-
rative inquiry. BMJ Open 2015; 5: e008898.

98 Hong SY, Epstein LH, Lawrence K et al. Evaluation of programmatic
changes to an antimicrobial stewardship program with house officer feed-
back. J Eval Clin Pract 2013; 19: 388–92.

99 Dobrzanski S, Hammond I, Khan G et al. The nature of hospital prescribing
errors. Br J Clin Pharmacol 2002; 7: 187–93.

100 Tamuz M, Giardina TD, Thomas EJ et al. Rethinking resident supervision
to improve safety: from hierarchical to interprofessional models. J Hosp Med
2011; 6: 445–52.

101 Hamui-Sutton A, Vives-Varela T, Gutierrez-Barreto S et al. A typology of
uncertainty derived from an analysis of critical incidents in medical residents:
a mixed methods study. BMC Med Educ 2015; 15: 198.

102 Jaensch SL, Baysari MT, Day RO et al. Junior doctors’ prescribing work
after-hours and the impact of computerized decision support. Int J Med
Inform 2013; 82: 980–6.

103 Kroll L, Singleton A, Collier J et al. Learning not to take it seriously: junior
doctors’ accounts of error. Med Educ 2008; 42: 982–90.

104 Lewis PJ, Ashcroft DM, Dornan T et al. Exploring the causes of junior doctors’
prescribing mistakes: a qualitative study. Br J Clin Pharmacol 2014; 78: 310–9.

105 Simpson JH, Lynch R, Grant J et al. Reducing medication errors in the neo-
natal intensive care unit. Arch Dis Child Fetal Neonatal Ed 2004; 89: F480–2.

106 Steinke DT, Bain DJ, MacDonald TM et al. Practice factors that influence
antibiotic prescribing in general practice in Tayside. J Antimicrob Chemother
2000; 46: 509–12.

107 Teunissen PW, Stapel DA, van der Vleuten C et al. Who wants feedback?
An investigation of the variables influencing residents’ feedback-seeking be-
havior in relation to night shifts. Acad Med 2009; 84: 910–7.

108 Ummenhofer W, Amsler F, Sutter PM et al. Team performance in the
emergency room: assessment of inter-disciplinary attitudes. Resuscitation
2001; 49: 39–46.

109 Wiener-Ogilvie S, Bennison J, Smith V. General practice training environ-
ment and its impact on preparedness. Educ Prim Care 2014; 25: 8–17.

110 Bongiovanni T, Yeo H, Sosa JA et al. Attrition from surgical residency
training: perspectives from those who left. Am J Surg 2015; 210: 648–54.

111 Fiordelli M, Schulz PJ, Caiata Zufferey M. Dissonant role perception and
paradoxical adjustments: an exploratory study on Medical Residents’ collab-
oration with Senior Doctors and Head Nurses. Adv Health Sci Educ 2014; 19:
311–27.

112 Jubraj B, Marvin V, Poots AJ et al. A pilot survey of junior doctors’ atti-
tudes and awareness around medication review: time to change our educa-
tional approach? Eur J Hosp Pharm Sci Pract 2015; 22: 243–8.
113 Maisonneuve JJ, Lambert TW, Goldacre MJ. Doctors’ views about train-
ing and future careers expressed one year after graduation by UK-trained
doctors: questionnaire surveys undertaken in 2009 and 2010. BMC Med Educ
2014; 14: 270.
114 Collins J. Foundation for Excellence: an Evaluation of the Foundation
Programme. 2010. www.agcas.org.uk/assets/download?file"2053&parent"
793.

115 Hilliard R, Harrison C, Madden S. Ethical conflicts and moral distress
experienced by paediatric residents during their training. Paediatr Child Health
2007; 12: 29–35.

116 Brennan N, Corrigan O, Allard J et al. The transition from medical stu-
dent to junior doctor: today’s experiences of Tomorrow’s Doctors. Med Educ
2010; 44: 449–58.

117 Farnan JM, Johnson JK, Meltzer DO et al. Resident uncertainty in clinical
decision making and impact on patient care: a qualitative study. Qual Saf
Health Care 2008; 17: 122–6.

118 Garcia C, Llamocca LP, Garcia K et al. Knowledge, attitudes and practice
survey about antimicrobial resistance and prescribing among physicians in a
hospital setting in Lima, Peru. BMC Clin Pharmacol 2011; 11: 18.

119 Kennedy TJT, Regehr G, Baker GR et al. Preserving professional credibil-
ity: grounded theory study of medical trainees’ requests for clinical support.
BMJ 2009; 338: b128.

120 Kennedy TJT, Regehr G, Baker GR et al. ‘It’s a cultural expectation. . .’ The
pressure on medical trainees to work independently in clinical practice. Med
Educ 2009; 43: 645–53.

121 Sellman JS, Decarolis D, Schullo-Feulner A et al. Information resources
used in antimicrobial prescribing. J Am Med Inform Assoc 2004; 11: 281–4.

122 Sutcliffe KM, Lewton E, Rosenthal MM. Communication failures: an in-
sidious contributor to medical mishaps. Acad Med 2004; 79: 186–94.

123 Belyansky I, Martin TR, Prabhu AS et al. Poor resident-attending intra-
operative communication may compromise patient safety. J Surg Res
2011; 171: 386–94.

124 Coats RD, Burd RS. Intraoperative communication of residents with fac-
ulty: perception versus reality. J Surg Res 2002; 104: 40–5.

125 Coffey M, Thomson K, Tallett S et al. Pediatric residents’ decision-
making around disclosing and reporting adverse events: the importance of
social context. Acad Med 2010; 85: 1619–25.

126 Doyle P, VanDenKerkhof EG, Edge DS et al. Self-reported patient safety
competence among Canadian medical students and postgraduate trainees:
a cross-sectional survey. BMJ Qual Saf 2015; 24: 135–41.

127 Kobayashi H, Pian-Smith M, Sato M et al. A cross-cultural survey of resi-
dents’ perceived barriers in questioning/challenging authority. Qual Saf
Health Care 2006; 15: 277–83.

128 Pian-Smith MC, Simon R, Minehart RD et al. Teaching residents the two-
challenge rule: a simulation-based approach to improve education and pa-
tient safety. Simul Healthc 2009; 4: 84–91.

129 Sydor DT, Bould MD, Naik VN et al. Challenging authority during a life-
threatening crisis: the effect of operating theatre hierarchy. Br J Anaesth
2013; 110: 463–71.

130 van Schaik S, Plant J, O’Brien B. Challenges of interprofessional team
training: a qualitative analysis of residents’ perceptions. Educ Health
(Abingdon) 2015; 28: 52–7.

131 Bethune R, Canter R, Abrams P. What do surgical trainees think about
patient safety culture, and is this different from their consultants? Clin Risk
2012; 18: 52–7.

132 Reader TW, Flin R, Mearns K et al. Interdisciplinary communication in
the intensive care unit. Br J Anaesth 2007; 98: 347–52.

133 Hall KK, Philbrick J, Nadkarni M. Evaluation and treatment of acute bron-
chitis at an academic teaching clinic. Am J Med Sci 2003; 325: 7–9.

134 Pacheco GS, Viscusi C, Hays DP et al. The effects of resident level of train-
ing on the rate of pediatric prescription errors in an academic emergency de-
partment. J Emerg Med 2012; 43: e343–8.

135 Baker E, Pryce Roberts A, Wilde K et al. Development of a core drug list
towards improving prescribing education and reducing errors in the UK. Br J
Clin Pharmacol 2011; 71: 190–8.

136 Feucht CL, Rice LB. An interventional program to improve antibiotic use.
Ann Pharmacother 2003; 37: 646–51.

137 Guerra CM, Pereira CA, Neves Neto AR et al. Physicians’ perceptions,
beliefs, attitudes, and knowledge concerning antimicrobial resistance in a
Brazilian teaching hospital. Infect Control Hosp Epidemiol 2007; 28: 1411–4.

Systematic review

12 of 13

http://www.agcas.org.uk/assets/download?file=2053&parent=793
http://www.agcas.org.uk/assets/download?file=2053&parent=793
http://www.agcas.org.uk/assets/download?file=2053&parent=793
http://www.agcas.org.uk/assets/download?file=2053&parent=793
http://www.agcas.org.uk/assets/download?file=2053&parent=793


138 Nambiar S, Schwartz RH, Sheridan MJ. Antibiotic use for upper respira-
tory tract infections: how well do pediatric residents do? Arch Pediatr Adolesc
Med 2002; 156: 621–4.

139 Patel R, Green W, Martinez MM et al. A study of Foundation Year doctors’
prescribing in patients with kidney disease at a UK renal unit: a comparison
with other prescribers regarding the frequency and type of errors. Eur J Hosp
Pharm Sci Pract 2015; 22: 291–7.

140 Dearden E, Mellanby E, Cameron H et al. Which non-technical skills do
junior doctors require to prescribe safely? A systematic review. Br J Clin
Pharmacol 2015; 80: 1303–14.

141 Rawson TM, Charani E, Moore LSP et al. Mapping the decision pathways
of acute infection management in secondary care among UK medical phys-
icians: a qualitative study. BMC Med 2016; 14: 208.

142 Dryden M, Johnson AP, Ashiru-Oredope D et al. Using antibiotics respon-
sibly: right drug, right time, right dose, right duration. J Antimicrob Chemother
2011; 66: 2441–3.

143 General Medical Council. Leadership and Management for All Doctors.
GMC, 2012. http://www.gmc-uk.org/Leadership_and_management_for_all_
doctors___English_1015.pdf_48903400.pdf.

144 Wilkie V. Leadership and management for all doctors. Br J Gen Pract
2012; 62: 230–1.

145 McCarthy RM, Hilmer SN. Teaching Junior Medical Officers safe and ef-
fective prescribing. Intern Med J 2013; 43: 1250–3.

146 Thorpe JM, Smith SR, Trygstad TK. Trends in emergency department
antibiotic prescribing for acute respiratory tract infections. Ann Pharmacother
2004; 38: 928–35.

147 Wong G, Greenhalgh T, Westhrop G et al. Development of methodo-
logical guidance, publication standards and training materials for realist
and meta-narrative reviews: the RAMESES (Realist And Meta-narrative
Evidence Syntheses: Evolving Standards) project. Health Serv Deliv Res
2014; 2.

Systematic review JAC

13 of 13

http://www.gmc-uk.org/Leadership_and_management_for_all_doctors___English_1015.pdf_48903400.pdf
http://www.gmc-uk.org/Leadership_and_management_for_all_doctors___English_1015.pdf_48903400.pdf

