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Abstract

The use of population averages in cost-effectiveness analysis may hide important differences across subgroups, potentially
resulting in suboptimal resource allocation, reduced population health and/or increased health inequalities. We discuss the
factors that limit subgroup analysis in cost-effectiveness analysis and propose more thorough and transparent reporting. There
are many issues that may limit whether subgroup analysis can be robustly included in cost-effectiveness analysis, including
challenges with prespecifying and justifying subgroup analysis, identifying subgroups that can be implemented (identified
and targeted) in practice, resource and data requirements, and statistical and ethical concerns. These affect every stage of
the design, development and reporting of cost-effectiveness analyses. It may not always be possible to include and report
relevant subgroups in cost effectiveness, e.g. due to data limitations. Reasons for not conducting subgroup analysis may be
heterogeneous, and the consequences of not acknowledging patient heterogeneity can be substantial. We recommend that
when potentially relevant subgroups have not been included in a cost-effectiveness analysis, authors report this and discuss
their rationale and the limitations of this. Greater transparency of subgroup reporting should provide a starting point to
overcoming these challenges in future research.

Key Points for Decision Makers

Neglecting to consider or include subgroup analysis in
cost-effectiveness analysis may mask key differences
between subgroups and result in suboptimal resource
allocation.

> Gemma E. Shields

gemma.shields@manchester.ac.uk Given the quantity and range of factors limiting sub-
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group analysis, we encourage future researchers to be
more explicit in reporting if subgroup analysis has not
been presented.

Researchers and decision makers must be aware of the
barriers and challenges around conducting subgroup
analysis, in order to identify solutions to conduct robust
subgroup analysis or to understand the potential limita-
tions of more exploratory analysis.
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1 Introduction

Patient heterogeneity describes natural variation across
people, which can be explained by their characteristics
(including demographics, clinical characteristics and pref-
erences) [1-3]. A subgroup is a subset of patients within
a wider patient population, who are defined using one or
more characteristics. Sculpher outlines the various forms
of patient heterogeneity that can be used to consider sub-
groups, including whether factors are known at treatment,
whether these are related to the treatment and/or the dis-
ease, and preferences [4]. While clinical evidence often
focuses on heterogeneity in relation to treatment effect,
cost-effectiveness studies need to consider wider sources
of heterogeneity, e.g. related to baseline event rates [4].

Economic evaluations are only one source of informa-
tion to support decision makers who must balance clini-
cal and qualitative evaluations with policy objectives and
stakeholder priorities. Cost-effectiveness analysis often uses
population averages, which can hide differences between
subgroups who may receive a healthcare intervention [1].
An intervention may appear cost effective across a sample
but not be cost effective for one or more subgroups (e.g. if it
has an unfavourable adverse effect profile, reduced efficacy,
or for other reasons), and vice versa. This could result in
inefficient decision making for specific subgroups, risking a
suboptimal distribution of resources and unnecessary harm
to patients and/or patients missing out on health benefits.
Subsequently, acknowledging patient heterogeneity could
increase efficiency and result in population health gains.
Subgroup analyses are imperative if cost-effectiveness esti-
mates are to reflect patient heterogeneity with the purposes
of affecting decision making. However, a review identified
that subgroup analyses were reported in a minority (19%)
of published cost-effectiveness analysis [5]. Moreover, the
review concluded that over half of the reported subgroup
analyses had the potential to affect decision making (i.e. sub-
groups had different conclusions regarding cost effectiveness
when the cost per QALY was compared with the average).
However, as noted above, this would depend on the balance
of priorities and objectives and broader evidence in a spe-
cific decision-making context.

Subgroups will not always be relevant (important and
informative) for cost-effectiveness analysis, e.g. when regu-
latory bodies review trial evidence and restrict a license to
an homogenous subgroup. Nevertheless, when this is not
the case, there are many factors that may limit the investiga-
tion of subgroups. The paper focuses on subgroups that are
meaningful for decision making, although it is recognised
that subgroups may be useful for academic purposes even if
they cannot be used in decision making and clinical practice
(e.g. if they cannot be targeted in practice).
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This paper outlines and discusses the key factors that may
limit subgroup analysis in cost-effectiveness studies. Under-
standing these issues will be useful to researchers, reviewers,
and decision makers alike. It goes on to suggest changes to
the reporting of subgroup analysis, to enhance transparency
and to prompt future research if relevant.

2 Deciding on a Subgroup Analysis

Focusing on subgroup analysis, the first stage in a cost-effec-
tiveness analysis is to decide which subgroups to include;
however, researchers may face many obstacles when it
comes to formulating their research plan. These are dis-
cussed below.

2.1 Justification

The first step to specifying a subgroup is the choice of
characteristics used to define subgroup membership [6].
Ramaekers et al. found the majority of technology appraisal
guidelines require any acknowledgement of patient heter-
ogeneity to be justified and prespecified, with biological,
clinical and/or statistical reasoning [3]. Similarly, commonly
used economic evaluation checklists emphasise the need to
prespecify, explain and justify subgroups [7-9]. However,
it has been noted that across guidelines there is a lack of
clarity with respect to sources of heterogeneity that should
be considered and acceptable methods and justification for
subgroup analysis [3, 10, 11]. Existing publications have
called for more consensus, clarity and systematic processes
for exploring patient heterogeneity [3, 12].

Heterogeneity outside of economic evaluation typically
focuses on treatment effect and describes how patient char-
acteristics can be used to explain or predict different treat-
ment effects across a population [12]. Economic evaluation
has a wider range of parameters and, subsequently, the con-
sideration of patient heterogeneity needs to extend to other
parameters, including resource use, health state utility and
baseline risk [1, 4]. Researchers need to think more broadly
about how patient characteristics may impact the results of
cost-effectiveness analysis, rather than restricting to what
has been used in clinical effectiveness analysis. Given
the complexity of subgroup analysis in cost-effectiveness
evaluations, defining clear rules around what a subgroup
analysis should be and what evidence is needed to justify
it would be challenging and potentially restrictive, but this
lack of clear guidance for subgroups may be off-putting to
researchers. Note the lack of clear guidance is not specific to
economic evaluation. Wijn et al. reviewed guidance for sub-
group effects of medical treatments, which covered industry,
health technology assessment agencies, academic/non-profit
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organisations and regulatory bodies [13]. They found there
were significant differences across the available guidance.
Building a strong justification for subgroup analysis is
challenging. The thought process for defining potential sub-
groups is complicated, even before considering which sub-
groups may have expected differences in cost effectiveness.
Researchers need to review a long list of potential patient
characteristics and then think about interactions between
characteristics and potential confounders (e.g. geographical
heterogeneity). Once sources of patient heterogeneity have
been considered, researchers need to consider whether and
how they may influence multiple parameters of economic
evaluation (e.g. baseline risk, treatment effect, resource
use, utility). Not all heterogeneity will be observable when
a treatment decision is made, i.e. it may be observed over
time, and, subsequently, not all subgroups are informative
for cost-effectiveness estimates for the purposes of decision
making [4]. For example, patients may respond differently
to an intervention, which cannot be predicted at the time of
decision making. However, this heterogeneity, rather than
informing a subgroup, can be factored into cost-effectiveness
analysis by exploring stopping rules, with a recent example
in chronic migraines [4, 14]. The investigation of patient
heterogeneity will vary in complexity and feasibility across
disease areas and intervention types. For example, there may
be circumstances in which an intervention does not have a
known and clear mechanism of action, which likely prevents
any justification for subgroups based on treatment effect.

2.2 Prespecification

Prespecification is emphasised by guidelines; however, as
noted by Sculpher, whether this can be done robustly in the
early stages of work is debatable as researchers will not yet
have identified all of the available evidence [4]. Fletcher
et al. note that while prespecification is favoured, a more
pragmatic approach is needed when it comes to cost-effec-
tiveness analysis (e.g. when projects are waiting for phase
IIT data, and/or conducting early-stage modelling) [15]. Fur-
thermore, as discussed in more detail below, once subgroups
have been proposed, evidence/data gaps can be problematic
when conducting analysis, and therefore researchers risk
prespecifying subgroups they cannot parameterise later in
the research.

2.3 Ethical Concerns

Subgroup analyses can raise ethical questions, as using
patient characteristics (e.g. age, sex, ethnicity) to determine
access to treatment can be contentious, which may prevent
them from being accepted by decision-making bodies and/
or utilised in practice. Equity concerns arise if an interven-
tion is not cost effective across all subgroups [16]. They

will vary depending on the source of heterogeneity, as well
as how it affects cost effectiveness (by which parameters),
the strength of the underlying justification and the potential
impact on health inequalities. Whether something is ethical
may depend on whether the subgroup impacts cost effec-
tiveness via treatment effect, or by another parameter (e.g.
resource use) [1, 4]. For example, Grutters et al. note that
policy based on ‘race’ may be acceptable if it ties to biologi-
cal mechanisms [1]. Furthermore, race, like other aspects of
patient heterogeneity, can be defined in different ways and
may be closely related to other terms that mean something
different (e.g. ethnicity) [17]. Another example is sex and
gender [18]. Choice of precise demographic characteristics
to collect, and their definitions, is likely to affect whether
the subgroup is ethical to decision makers. There are many
types of subgroup that may cause concern, examples include
a subgroup eligible for expensive downstream treatment that
appears less cost effective because of this; subgroups that are
simply based on waiting until a patient has progressed to a
more severe health state; or subgroups based on protected
characteristics. Espinoza et al. discussed the exclusion of
age and sex from their analysis, as differentiating according
to these characteristics could incur criticism related to eth-
ics [6]. A review of national guidelines found that only the
National Institute for Health and Care Excellence (NICE)
lists equity constraints on subgroups (i.e. subgroups are not
considered if they focus on social characteristics or location)
[3, 19]. A separate review, which looked at subgroup anal-
ysis reporting in published economic evaluations, did not
identify any papers discussing equity in relation to chosen
subgroups [20]. The authors noted that subgroup analysis
was more common in US studies, which could be reflective
of reduced regulations and restrictions related to equity in
decision making [20].

As noted by Petticrew et al. with respect to subgroup anal-
ysis and equity, researchers are ‘damned if you do, damned if
you don’t’ [21]. Ignoring subgroup analysis could indirectly
increase inequities (e.g. if intervention reduces health in an
already disadvantaged subgroup). For example, there is evi-
dence that some public health interventions (e.g. workplace
smoking bans) increase inequality, but if the average effect
is favourable, these results may be hidden [22]. Methods
are available to investigate the distribution of costs and out-
comes in cost-effectiveness analysis and efficiency losses
associated with equity constraints [23, 24].

2.4 Feasibility in Practice

Subgroups must be identifiable and targetable in practice;
that is, the patient characteristics used by researchers and
decision makers to define the subgroup must be available
to healthcare professionals. We may have data available to
us in research that can be used to identify subgroups for
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academic purposes, but that might not exist in practice.
Using characteristics that are routinely measured or easily
observed increases the feasibility of subgroup analysis
and implementation [4].

There are further complicating factors related to tar-
geting subgroups in practice. Not all interventions can be
targeted at subgroups of patients, e.g. training interven-
tions for healthcare professionals are unlikely to be imple-
mentable for a precise subgroup only. Subgroup size, as
well as affecting budget impact, may affect whether sub-
group policies are adhered to in practice. For example, if
a small subgroup is recommended as being unsuitable for
a treatment, such guidance may not always be followed
in practice. Furthermore, the number of subgroups can
be important, since if there are many subgroups all with
different recommendations, this can create organisational
challenges, limiting feasibility. Implementing varying rec-
ommendations for subgroups across organisations may be
more or less feasible depending on a range of factors, e.g.
the time available to make and explain a treatment choice
to a patient. External pressures on healthcare systems and
periods of great change (e.g. the coronavirus disease 2019
[COVID-19] pandemic) that result in constantly chang-
ing subgroup recommendations may also be a challenge
organisationally. Patients have multiple characteristics
that vary simultaneously, which creates a challenge as
subgroups based on multiple characteristics can be even
harder to identify and justify [25]. An example of sub-
groups based on multiple characteristics is presented by
Burn et al., who examined based on both age and sex for a
cost-effectiveness analysis of total knee replacement [26].
Univariate-based subgroup analyses are more commonly
reported in cost-effectiveness studies but are potentially
an oversimplification as interactions between character-
istics may be important [20]. Overlap between subgroups
needs to be avoided (e.g. people who fit into multiple
groups). When there are multiple alternative subgroup
specifications being considered, Espinoza et al. propose
a framework using expected net health benefit with cur-
rent and perfect information to guide selection (optimal
subgroup definition) [6]. Finally, Sculpher noted the
importance of considering whether patients could sway
measurement to meet subgroup criteria to access a treat-
ment [4].

If there is a cost to measuring an aspect of heteroge-
neity, this must be factored into the cost-effectiveness
analysis, and it acts as another hurdle in practice (requir-
ing budget and resources). There may be costs associ-
ated with implementing subgroup-specific guidance even
when the costs do not relate to identifying heterogeneity,
which should be considered, such as in producing differ-
ent guidelines for subgroups [6].
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3 Implementing Subgroup Analysis

Once subgroups are agreed, researchers can start to iden-
tify the evidence needed to inform subgroup analysis and
to conduct the analysis and report the results; however,
there remain barriers to conducting subgroup analyses,
which are outlined below. Note that some of these issues
may be more or less apparent depending on the precise
methods used (e.g. whether a modelling study or trial-
based cost-effectiveness analysis is being conducted).

3.1 Statistical Concerns

Avoiding subgroups from ‘data dredging’ is a known issue
in economic evaluation [4, 7]. Espinoza et al. discussed
that health care decision making has been hesitant to adopt
subgroup analysis due to statistical concerns around power
and multiple testing [6]. Typically, clinical trials are pow-
ered to identify significant average treatment effects across
the sample; subsequently, any subgroup analysis is likely
to be underpowered. Inadequate power can result in false
negatives, whereby subgroups do not appear to be impor-
tant or significant due to a lack of statistical power [25].
Multiplicity becomes an issue as when multiple subgroups
are compared, identifying a difference between subgroups
can occur by chance (a type 1 error) [27, 28], i.e. there is
a risk for false positive results. Petticrew et al. summa-
rise historical examples of subgroups that have resulted
in harmful decisions, such as limiting aspirin use for the
prevention of heart disease in women [21]. Given these
concerns, researchers may be cautious that evidence is not
sufficient to identify subgroups, or that apparent subgroups
have been identified by chance and therefore do not reflect
reality. Successful replication of the subgroup results
using multiple data sources has been noted as one option
to increase the credibility of results; however, as noted
below, there are often significant data limitations affecting
analyses [15]. As factitious subgroups might arise due to
these statistical issues, a robust justification and underly-
ing rationale for subgroups is especially imperative as it
can mitigate some of these concerns. Furthermore, when
using estimates from meta-analysis to inform baseline risk
or other parameters, researchers need to be wary of eco-
logical fallacy [29]. This can occur when average patient
characteristics are regressed against average outcomes
across studies (rather than within studies), and any asso-
ciation found with this aggregate data may not apply to
individuals within the studies.
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3.2 Evidence Requirements

Stratification (dividing the potential patient group into
subgroups) is needed to derive parameters for subgroup
analysis. There are multiple parameters in economic
evaluation that could be affected by patient heterogeneity,
including resource use, health state utility, baseline risk
and treatment effect [1, 4]; subsequently, conducting sub-
group analysis can require a considerable amount of data.

The issues related to identifying evidence may vary
depending on whether a researcher is conducting a model-
ling study or an analysis integrated within a trial or observa-
tional study. Subgroup analyses can be conducted irrespec-
tive of model design, although simulation models may be
able to handle the complexities of heterogeneity more effi-
ciently compared with cohort models [1]. Such models are
data hungry and data availability is a concern for researchers
[30]. Modelling often relies on the use of published evi-
dence (e.g. systematic reviews and meta-analysis); however,
as noted in the Cochrane handbook, insufficient details and a
lack of consistency in source materials affect the feasibility
of subgroup analyses in systematic reviews [31]. Selective
reporting may affect the availability of evidence to inform to
economic evaluation. A review comparison of randomised
controlled trial (RCT) protocols and articles found that 12%
of publications did not report subgroup analyses that were
in the relevant protocol and 26% reported subgroup analyses
that were not prespecified in protocols [32]. This may reduce
the credibility, and availability, of subgroup data to inform
modelling.

Subgroups are more easily investigated when patient-
level data are available. However, economic evaluations
integrated within RCTs are often limited by sample size and
are seldom powered for economic outcomes (linked to the
statistical concerns outlined above). This was the case in an
economic evaluation within a trial reported by Wijnen et al.,
which failed to recruit the target number of participants and
loss to follow-up added to the sample size and power prob-
lems [33]. The authors did not identify any subgroup effects;
however, this may be indicative of an insufficient sample size
rather than a lack of significant subgroups. Hoch et al. inves-
tigated the cost effectiveness of assertive community treat-
ment and found differences in cost effectiveness between
subgroups based on race, and differences in uncertainty esti-
mates between subgroups that were attributed to subgroup
sample sizes [34]. Assessing the level of uncertainty is key
for decision making and limited sample sizes will contribute
to parameter uncertainty [35].

Strict trial inclusion/exclusion criteria can also limit the
usefulness of trials with regard to subgroup analysis, as they
may restrict to a more homogenous population, e.g. Marshall
and Hux discussed that RCTs for coxibs typically exclude
patients with cardiovascular disease, despite evidence to

suggest this pertains to 40% of patients in practice [36].
Post-launch, real-world data may offer some advantages
for subgroup analysis in cost-effectiveness studies, as wider
populations are considered and subgroup analysis can reflect
groups targeted in practice. A recent example in asthma
demonstrates the use of real-world data to inform subgroups
beyond trial data (with a focus on older populations) [37].
Research used to inform economic evaluation (e.g. trials or
observational studies) can only collect a limited number of
patient characteristics. Sculpher and Gafni note this is an
issue in identifying preference heterogeneity, as the range of
sociodemographic data collected can be limited [38]. Addi-
tionally, health economists will not always be involved in the
design of data collection, which may limit the identification
of patient heterogeneity that is specifically relevant to eco-
nomic evaluation. Further complicating factors exist. For
example, self-reported data may be subject to response bias,
which may differ according to participant characteristics
[39]. Note, these issues will also affect modelling studies as
they reduce the evidence base available to populate a model.
Conducting subgroup analyses in economic evaluations
increases data requirements and, subsequently, may not
always be feasible depending on the evidence base. While
there are some ideas in the literature that could reduce issues
related to insufficient data (e.g. open data policies), realisti-
cally there will always be some limit to this due to research
constraints (including funding and resources) [12, 40].

3.3 Analysis and Reporting

Grutters et al. systematically reviewed methods to acknowl-
edge patient heterogeneity in cost-effectiveness analysis [1].
Various methods are available for this, including regression
techniques, adaptations to modelling, and value of informa-
tion methods that can be used when data limitations are an
issue [1, 2]. Choosing appropriate methods and reflecting
wider guidance on methods (e.g. from health technology
assessment bodies) is a further challenge for researchers.
Furthermore, reporting subgroup analyses can be time inten-
sive, especially if full results (including cost-effectiveness
acceptability curves) are presented and multiple subgroups
are considered [1, 2].

Arguably, selective reporting of subgroups in published
cost-effectiveness analysis often cannot be identified, as pro-
tocols for economic evaluation are not routinely published.
The process of defining subgroups may be more transpar-
ent in technology appraisal if bodies place an emphasis on
robust subgroup identification and reporting. NICE are cur-
rently conducting a review and consultation of their methods
of health technology appraisal and in the case for change
describe that committees must be able to exclude subgroups
for whom a technology is not cost effective even when it
appears cost effective across the whole wider population
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[41]. While this is imperative for efficiency and for reveal-
ing true population health gains, in circumstances in which
an intervention appears cost effective across a whole pop-
ulation, there may currently be little incentive to investi-
gate subgroups in which treatment is not cost effective. For
instance, manufacturers funding an economic evaluation
may have an interest in positive outcomes that will maxim-
ise (prioritise) profit, and researchers without conflicts of
interest may still be keener to publish favourable results [42].
Fletcher et al. present an example of a health technology
assessment case study in Alzheimer’s disease to demonstrate
the importance of subgroup analyses in cost-effectiveness
analyses [15]. Although it cannot be evidenced, media
reporting of health technology assessment recommenda-
tions adds extra complexity, as recommendations restricted
to a particular subgroup of the patient population may be
unpopular as it may be judged to be inequitable or unfair.

4 Discussion

Heterogeneity in economic evaluation is complex, with
multiple patient characteristics and parameters of economic
evaluation to consider. It has previously been identified
that only a minority of cost-effectiveness analyses report
subgroup analysis and this paper examines some of the key
obstacles facing researchers [20]. This includes issues with
prespecifying and justifying subgroup analysis, identifying
subgroups that can be implemented in practice, resource and
data requirements, statistical concerns, and ethical concerns.
Figure 1 simply summarises the factors discussed here. The
reported challenges related to subgroup analysis are likely
to vary across populations and specific decision-making
context.

Even if subgroup analysis cannot be conducted, e.g.
due to evidence requirements, the consequences of making
incorrect decisions because of this should be considered.
It is often stated that the objective of economic evaluation

Deciding onsubgroup analysis

« Justification and pre-specification
+ Ethical concerns
* Feasibility in practice

Heterogenous
population

is to maximise population health for a given budget, and,
subsequently, neglecting subgroup analyses may prevent this
objective from being achieved.

Although existing checklists emphasise the need to pre-
specify, explain, and justify subgroups, they do not address
subgroups that were omitted [7-9]. To allow the evidence
base to be improved over time, it would be useful for other
researchers to understand why subgroup analysis has not
been conducted and whether if, in future, this would be use-
ful and if any obstacles could be reduced (e.g. through data
collection). This would also allow readers to understand
any limitations related to missing subgroup analysis. For
these reasons, we call for increased transparency in subgroup
reporting, with attention given to what was not reported and
why, with the aim of improving future research and more
thoroughly understanding the limitations of current studies.
We would encourage researchers to consider and respond to
the questions included in Table 1.

Alongside increased transparency, we recommend that
researchers consider potential subgroups early in the pro-
cess of economic evaluation and systematically identify sub-
groups, using techniques such as logic models and causal
inference, to define subgroups and complex interactions
between sources of heterogeneity and outcomes. Increased
stakeholder engagement throughout the process of economic
evaluation (from conceptualisation to final reporting) may
also support the identification and justification of subgroup
analysis. An example of stakeholder engagement in guid-
ing economic model development and subgroups (includ-
ing identifying subgroups and relevant data sources) has
been reported by Xie et al. [43]. We would also encourage
researchers to consider the full range of methods available
to acknowledge patient heterogeneity in cost-effectiveness
analysis (not restricted to subgroup analysis), as well as any
guidelines that are applicable to their setting of interest [1].

We recognise that subgroup analysis is not always help-
ful or feasible but encourage researchers to be transparent
about their thought processes. Without knowing whether

Implementing subgroup analysis

>

Cost-
effectiveness
analysis by

subgroup

+ Statistical concerns
+ Evidence requirements
* Analysis and reporting requirements

|

External pressures

* Vestedinterests

» Time and resources

Fig. 1 Overview of subgroup considerations
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Table 1 Questions to consider for transparent subgroup reporting

Number Question

1 Were any subgroups considered but excluded from the cost-effectiveness analysis?

If answered yes to the above, respond to the questions below for each potential subgroup

1.1 How was the subgroup defined and justified (i.e. biological, clinical and/or other rationale)?

1.2 Which parameters of the economic evaluation would the subgroup change (e.g. baseline rates,
resource use, utility, treatment effect)?

1.3 What was the potential direction of the subgroup analysis (i.e. evaluating the existing evidence,
would intervention potentially be cost effective or not cost effective in this group)?

1.4 Could future research improve the feasibility of this subgroup analysis in this area and if so, how?

subgroups were considered and, if so, why they were ruled
out, other researchers in the area will be unable to learn
from this and decision makers may fail to recognise a key
limitation of the evidence base. When subgroup analyses are
reliant on building a stronger/more comprehensive evidence
base, we hope that increased transparency in reporting will
help to achieve this.
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