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Abstract

Background: Not all research findings are translated to clinical practice. Reasons for lack of applicability are var-

ied, and multiple frameworks and criteria exist to appraise the general applicability of epidemiological and clinical
research. In this two-part study, we identify, map, and synthesize frameworks and criteria; we develop a framework to
assist clinicians to appraise applicability specifically from a clinical perspective.

Methods: We conducted a literature search in PubMed and Embase to identify frameworks appraising applicability
of study results. Conceptual thematic analysis was used to synthesize frameworks and criteria. We carried out a frame-
work development process integrating contemporary debates in epidemiology, findings from the literature search
and synthesis, iterative pilot-testing, and brainstorming and consensus discussions to propose a concise framework to
appraise clinical applicability.

Results: Of the 4622 references retrieved, we identified 26 unique frameworks featuring 21 criteria. Frameworks and
criteria varied by scope and level of aggregation of the evidence appraised, target user, and specific area of applicabil-
ity (internal validity, clinical applicability, external validity, and system applicability). Our proposed Framework Apprais-
ing the Clinical Applicability of Studies (FrACAS) classifies studies in three domains (research, practice informing,

and practice changing) by examining six criteria sequentially: Validity, Indication-informativeness, Clinical relevance,
Originality, Risk-benefit comprehensiveness, and Transposability (VICORT checklist).

Conclusions: Existing frameworks to applicability vary by scope, target user, and area of applicability. We introduce
FrACAS to specifically assess applicability from a clinical perspective. Our framework can be used as a tool for the
design, appraisal, and interpretation of epidemiological and clinical studies.
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Introduction

Not all health research findings are translated into clini-

cal or public health interventions [1]. Many reasons for

lack of implementation relate to research quality and
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validity of research findings (e.g., confounding, selection
and measurement biases) [6—9]. What determines high
quality and validity research may not, however, directly
determine what is most impactful [10]. The appraisal of
applicability, whether study results can impact practice,
demands an expanded set of considerations. The cumu-
lative nature of evidence and of the strength of evidence
is the focus of many important frameworks, most nota-
bly GRADE (Grading of Recommendations, Assessment,
Development and Evaluations) [11] used to synthesize
evidence and formulate clinical recommendations [12].
The appropriateness and relevance to clinical practice
of research questions or findings may need to be consid-
ered; not all exposures, interventions, associations, and
outcomes are equally informative to practice [13, 14].
External validity is another critical focus when applying
study results to specific practice and population contexts
(generalizability and transportability) [15-18].. Imple-
mentation science and economic considerations also fac-
tor in the practical application of research [19-22].

Although current frameworks cumulatively cover many
important facets of applicability, the specific criteria to
assess applicability may vary by the type of research and
evidence, and by the stakeholders involved: researchers,
clinicians, decision-makers and policymakers. Clini-
cal applicability can be defined as the potential of study
findings to inform or directly alter current clinical prac-
tice at the individual level. Due to their wide scope, it is
unclear whether existing frameworks can concisely assist
clinicians in differentiating between studies that change
practice, inform practice, or are not clinically applicable.
As clinicians must evaluate an ever-expanding research
output, there is a need to better identify criteria that
may be used to gauge applicability, in particular clinical
applicability.

In this two-part study, we conducted a broad litera-
ture review to identify, map, and synthesize existing
frameworks and criteria pertaining to the applicability
of studies. Drawing from this review, current concepts
and debates in epidemiology [23-26] and clinical
research [13, 27], and iterative discussions and testing,
we developed a concise tool to classify and improve the
applicability of studies, with an emphasis on the clini-
cal perspective. FrACAS, our proposed Framework to
Appraise the Clinical Applicability of Studies and its
checklist (VICORT) are introduced and discussed.

Methods

Search, thematic mapping, and synthesis of available
frameworks

We searched PubMed and EMBASE (Ovid) databases
since their inception for articles reporting on frameworks
appraising the general “applicability” of research findings
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on November 12, 2020. The eligibility criteria were arti-
cles (i) featuring a unique tool, instrument, checklist, or
framework (ii) focused on the applicability to practice of
(iii) health research evidence, and (iv) published in Eng-
lish. We excluded articles that solely featured a review of
frameworks, the application of an existing framework, or
were restricted to a specific condition or discipline. Due
to the potential multiple understandings of “applicability,’
we used combinations of keywords in titles and abstracts
to maximize the comprehensiveness of article selection
as previously done by others on the topic of applicabil-
ity [15, 16]; the full search strategy is detailed in the Addi-
tional file 1: Methods. Duplicates were removed, titles and
abstracts were screened independently by two authors (PD
and QDN). We supplemented remaining articles with ref-
erences in reviews and retrieved articles. Articles were
assessed in full to identify unique frameworks. PD and
QDN performed conceptual thematic analysis [28] using
preliminary themes that were refined iteratively to map the
frameworks and to synthesize criteria of applicability by
stakeholders. Disagreements were resolved by consensus.

Development of framework for clinical applicability

As illustrated in Fig. 1, we developed our framework by
integrating four major inputs: contemporary debates in
epidemiology and clinical research, brainstorming and dis-
cussion meetings, comparison with existing frameworks
for appraisal of clinical applicability, and pilot applica-
tion testing of our framework. Ten clinicians, researchers,
and methodologists with expertise in multiple substantive
domains of clinical practice and research (intensive care,
pediatrics, internal, emergency, and geriatric medicine), as
well as epidemiology, biostatistics, qualitative, and trans-
lational research, participated in a total six brainstorm-
ing and discussion meetings (in-person and virtual). Each
meeting introduced a preliminary version of the framework
which was discussed and progressively altered between
each subsequent meeting. After the fourth meeting, pilot
testing of the preliminary framework was conducted in
a mapping review on the clinical applicability of frailty on
10 articles (forthcoming), and feedback was incorporated
to the following iteration. Not all participants attended all
meetings, and although formal Delphi methodology was
not employed, versions of the framework were iteratively
refined and circulated by email to reach the final consensus
framework.

Results

Analysis, mapping, and synthesis of frameworks

for applicability

We identified 4622 references, of which 1324 were dupli-
cates and 3265 were excluded following the screening
of titles and abstracts, leaving 33 for assessment. Thirty
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Fig. 1 Process and inputs for the development of the Framework for Appraising the Clinical Applicability of Studies (FrACAS)

additional references were identified in reviews and ref-
erences from retrieved articles; we assessed 63 full text
articles and included 26 unique frameworks. Additional
file 1: Fig. A1 presents the flowchart for article selection.

Description and analysis of frameworks

Table 1 presents the 26 frameworks and their predomi-
nant focus [6, 7, 11, 17, 18, 22, 29-55]. Frameworks were
published between 1999 and 2021 in epidemiological,
clinical, public health, policy, and decision-making jour-
nals. Although we only included frameworks related to
applicability, the focus varied widely from the quality of
clinical practice guidelines (CPG, AGREE I-1I [29, 30]),
quality and strength of recommendations (GRADE)
[11], use of evidence to inform health decisions (GRADE
EtD) [18], applicability of prediction model studies
(PROBAST) [43], applicability of randomized trials
(PRECIS) [41] and health technology assessments (HTA)
[47, 55]. Due to distinct purpose and focus in appraising
applicability, the complexity of frameworks and the num-
ber, nature, and level of criteria detail within frameworks
also varied. Some frameworks featured a simple list of
key criteria [50, 53] whereas others elaborated on a full
system of domains, criteria, and appraisal processes (e.g.,
RE-AIM [22, 44], GRADE [11], PRECIS [41], RoB2 [7],
RoBINS-I [56], Atkins et al. [48]); some adapted to spe-
cific concepts and disciplines (GRADE EtD) [18, 34—38].
After comparative analysis of frameworks, we identified
three dimensions explaining the variability which we
used to map the frameworks and criteria:

o The primary intended target user or stakeholders
(researchers, clinicians, and decision-makers);

+ The evidence type appraised and its level of aggrega-
tion, from fundamental research to CPG;

+ The areas of applicability: internal validity, clinical
applicability for individual patients, external validity,
and applicability at the system level.

Although the categories within these dimensions are
not mutually exclusive, they allow the mapping and syn-
thesis of the multiple purposes and understandings of
applicability, as illustrated in Figs. 2 and 3.

Mapping of frameworks and synthesis of criteria

Figure 2 maps the 26 frameworks according to the evi-
dence type appraised and the primary intended target
user. For most frameworks, the scope of the evidence
appraised was directed at a single level of aggregation
(e.g. prediction studies [39, 43], trials [7, 17, 41, 48, 50,
51], CPG [29, 31, 54, 57]); a few frameworks bridged evi-
dence types such as the GRADE [11] framework which
examines findings from case-control and cohort studies
to systematic reviews. Most frameworks were intended
for multiple stakeholders (researchers, clinicians, deci-
sion-makers), but none encompassed all three. There
was a qualitative association between the level of aggre-
gation of evidence and the primary intended users:
as the frameworks appraised increasingly aggregated
evidence (e.g., HTA or CPG) the target users tended
towards decision-makers, whereas frameworks pertain-
ing to prediction and observational studies were more
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Table 1 Frameworks for appraising applicability of studies
Framework and/or First Author Journal Framework Focus Year of
Publication
AGREE | Cluzeau et al. [29] Quiality and Safety in Health Care Quiality of CPG 2003
AGREE Il Brouwers et al. [30] Canadian Medical Association J 2010
AGREE-REX Brouwers et al. [31] JAMA Network Open Quiality of CPG recommendations 2020
ASTAIRE Cambon et al. [32] BMC Public Health Transferability of health promotion 2013
interventions
EVAT Khorsan et al. [33] Evidence-Based Complementary and Evidence for clinical decision-making 2014
Alternative Medicine
GRADE Guyattetal.[11] British Medical Journal Quality of evidence and strength of 2008
recommendations
GRADE EtD
Clinical recommendations Alonso-Coello et al. [18, 34] British Medical Journal Evidence usage in a structured and 2016
transparent way to inform and adapt 2016
Coverage decisions Parmelli et al. [35] Int J of Tech Assessm in Health Care clinical and public health decisions 2017
Diagnostic/screening tests Schinemann et al. [36] Journal of Clinical Epidemiology 2017
Health system and public health Moberg et al. [37] Health Research Policy and Systems 2018
Multi-intervention comparisons Piggott et al. [38] Journal of Clinical Epidemiology 2021
GRASP Khalifa et al. [39] BMC Medical Informatics and Decision  Predictive tools for clinical decision 2019
Making support
ISAT Milat et al. [40] Health Research Policy and Systems Decision support tool for health policy 2020
makers and implementers
PRECIS Thorpe et al. [41] Canadian Medical Association Journal ~ Pragmatic vs. exploratory trials for trial 2009
designers
PR-Tool Koppenaal et al. [42] Journal of Clinical Epidemiology Applicability of individual and SR of 201
trials
PROBAST Moons et al. [43] Annals of Internal Medicine Risk of bias and applicability of predic- 2019
tion model studies
RE-AIM Glasgow et al. [22, 44] American Journal of Public Health Evaluate and report on internal and 1999
Health Education Research external validity, and impact of health 2006
promotion programs
RoB 2 Sterne et al. [7] British Medical Journal Risk of bias in randomized trials 2019
RoBINS- Sterne et al. [6] British Medical Journal Risk of bias in non-randomised studies 2016
of interventions
STP Lavis et al. [45] Health Research Policy and Systems Applicability of the findings of a 2009
systematic review
WHO-INTEGRATE EtD Stratil et al. [46] Cost Effectiveness and Resource Decision criteria for health decision 2020
Allocation making
Almeida et al. [47] Int J of Tech Assessm in Health Care Translation of HTA evidence into policy 2019
Atkins et al. [48] Journal of Clinical Epidemiology Applicability when comparing medical 2011
interventions for SR
Berger et al. [49] Value in Health Relevance and credibility of observa- 2014
tional studies for health care decision
making
Bonell et al. [50] British Medical Journal Generalizability in trials of health 2006
interventions
Bornhoft etal. [51] BMC Medical Research Methodology Evaluation of clinical studies on exter- 2006
nal and model validity
Burford et al. [52] Journal of Clinical Epidemiology Applicability of findings in systematic 2013
reviews of complex interventions for SR
Greenetal.[17] Evaluation and the Health Professions  Relevance, generalizability, and applica- 2006
bility of research
Gruen etal. [53] Bulletin of the World Health Org Generalizability of studies in LMIC 2005
for SR
Linan et al. [54] Journal of Evidence-Based Medicine Clinical applicability of CPG 2020
Polus et al. [55] Int J of Tech Assessm in Health Care Applicability of a technology in the 2017

context of HTA

Notes. CPG clinical practice guidelines, HTA health technology assessment, LMIC low- and middle- income countries, SR systematic review
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Fig. 2 Existing frameworks for the appraisal of applicability according to evidence type and target user

focused on researchers, with in the middle, frameworks
on trials focused mostly on clinicians.

Fig. 3 summarizes the criteria extracted from the frame-
works. Across all frameworks, 21 criteria were synthesized
and qualitatively mapped to evidence type appraised and
the applicability areas. Although there was overlap of areas
of applicability, 7 criteria fell under internal validity (i.e.,
risk of bias, confounding, reporting bias, dose-response
gradient, precision, directness, consistency of results, and
comparison intervention). Clinical applicability at the
individual level directly encompassed 5 criteria (i.e., com-
parison intervention, intervention characteristics, mag-
nitude and trade-offs of harms and benefits, relevance of
outcomes, strength/level of evidence); and external valid-
ity considered 3 critical criteria (values, beliefs, preferences
priority; context and resources for application; representa-
tiveness of patients and populations). The latter two crite-
ria along with relevant outcomes were the most frequently
featured criteria across frameworks. Finally, six criteria
related to applicability at the system level (i.e., acceptability
and feasibility, sustainability, cost and cost-effectiveness,
scope of practice and actions, equity and ethics, moni-
toring/audit and support tools). There was a qualitative

association between criteria in frameworks about higher
level of aggregation of evidence and applicability at the
system level. Existing frameworks on clinical applicabil-
ity span multiple target users, evidence types, and areas
of applicability. Applicability holds different meanings
whether one is a researcher, clinician, or decision-maker,
and is ascertained using different set of criteria depending
on the type of evidence and whether internal validity, clini-
cal applicability, external validity, or system applicability is
emphasized. Our proposed framework focuses on the clin-
ical perspective and aims to assist clinicians when evalu-
ating all types of primary study results (from fundamental
research to RCT and trials) to determine whether and how
these apply to clinical practice.

Proposed framework: the framework to appraise

the clinical applicability of studies (FrACAS) and VICORT
checklist

Operational definition and classification of “clinical
applicability:” the FrACAS framework

FrACAS uses an operational definition of clinical applica-
bility that classifies a study according to the following ques-
tions: “are these research results valid?’, “can these results
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inform [my] practice?’; or “do these results change [my] cur-
rent practice?”’ As shown in Fig. 4, studies are classified in
one of three evidence domains: research, practice-inform-
ing, or practice-changing domains, based on six criteria that
examine study design elements and related data sources.

Criteria for appraisal and classification in FrACAS: the VICORT
checklist

The six criteria that determine study classification in FrA-
CAS are: Validity, Indication-informativeness, Clinical
relevance, Originality, Risk-benefit comprehensiveness,
and Transposability (VICORT checklist). Study findings
are considered progressively more informative and prac-
tice changing as they sequentially meet these criteria.
Table 2 presents each criterion’s definition and compari-
sons with criteria synthesized in the review.

Validity

Validity is the criterion most discussed, established,
and assessed by researchers and clinicians [2, 3]. Inter-
nal validity is a necessary criterion for study findings to
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be considered research evidence. As our review shows,
most quality assessment tools, including the Cochrane
Risk-of-Bias tool (RoB 2) [7] and the Risk Of Bias In Non-
randomised Studies of Intervention (ROBINS-I) [6], focus
on the validity of methods (randomization, blinding,
and missing data; confounding, information, and endog-
enous selection bias). The importance of validity in gen-
eral applicability of study results is highlighted by the 7
validity-related criteria shown in Table 2. When consid-
ered outside of the traditional epidemiology and medical
research contexts, the scope of validity may vary by sci-
entific disciplines. As a general term, validity may encom-
pass other criteria such as clinical relevance and elements
related to transposability (e.g. in psychology and medical
education when referring to test validity and psychomet-
rics; see below) [68—70]. Although internal validity is a
prerequisite, it is not sufficient for clinical applicability.

Indication-informativeness
Validity ensures that estimates are unbiased. Indica-
tion-informativeness ensures that these estimates are

EVIDENCE DOMAINS Criteria Required
) 2
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Fig. 4 Framework for appraising clinical applicability of studies (FrACAS) and VICORT criteria
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applicable in clinical practice. Study findings produce
estimates, but not all estimates can lead to action in clini-
cal practice. To do so, the study should produce results
that inform a clinical indication, i.e., an intervention in a
specific population. An indication entails the identifica-
tion of what clinicians should do and which population
would benefit from this being done. To inform a clinical
indication, a study must include a well-defined interven-
tion whose effect is identifiable in the results (i.e., identi-
fiability). The ability to identify and to promise the future
effects of an intervention under consideration is the key
criterion to achieve indication-informativeness and move
from the research domain to the clinical practice domain.

Only some study designs fulfill this criterion. Firstly,
randomized control trials (RCT) where an intervention
is evaluated in an eligible/target population. Secondly,
observational studies of an exposure for which there
exists an intervention (or where one is envisioned) to
remove or modify the exposure of interest [71]. If valid-
ity is ensured, the effect of the intervention can be iden-
tified and generally assumed to approximate the effect
of the exposure (e.g., smoking cessation and smoking).
The existence (or lack thereof) of an exposure-removing
intervention is the core of the indication-informativeness
criterion. HIV, smoking, atherosclerosis, frailty, and age
are exposures with decreasing levels indication-informa-
tiveness since eliminating each is increasingly challeng-
ing. Third, observational studies can also inform a clinical
indication by descriptively reporting absolute outcomes
of an already/otherwise-indicated intervention in a spe-
cific population of interest. For example, reporting the
absolute mortality following heart surgery indicated for
coronary artery disease, in patients with frailty, informs
this indication by allowing the counterfactual contrast
between undergoing an intervention and the natural his-
tory when forgoing the intervention, in those with frailty.
Of note in this scenario, the well-defined intervention is
not indicated on the basis of frailty. Following these three
study designs, exposures can form the basis of an indica-
tion (i.e., inform an intervention or specific population)
only when they are used in a study as a selection crite-
rion, predictor, mediator, or effect modifier, not when
used as a confounder or outcome.

Indication-informativeness does not currently feature
explicitly in any identified frameworks. However, it is
strongly related to the widely debated requirement of
well-defined interventions in epidemiology [23, 72-74].
Our framework contextualizes the presence of the well-
defined intervention/consistency assumption [26, 61]
as a requirement for evidence that is clinically informa-
tive and applicable, not for epidemiological evidence
itself [75].
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Clinical relevance

Epidemiological research spans a broad range of outcome
types including basic science mechanisms, intermediate
outcomes, and patient-centered outcomes [13]. Clinical
relevance requires that study outcomes be directly rel-
evant and informative to practice. The precise delimita-
tion of what outcomes are informative to practice varies
[13]. It may be easy to restrict measures of heart stem cell
transplantation survival to being clinically non-inform-
ative, but cholesterol levels, coronary calcium scores,
atherosclerotic cardiovascular disease hospitalization,
mortality, and health-related quality of life (HRQoL) all
have some clinically relevant information. Achieving full
clinical relevance benefits from incorporating patient-
centered outcomes, of which mortality and HRQoL are
examples. Ignoring outcomes that are patient-centered
has led to increased numbers of studies using surrogate
outcomes with unclear patient benefit and potential
overdiagnoses [27, 62]. Clinical relevance in FrACAS is
related to the directness [11, 14] and relevance of out-
comes criteria identified in our review.

Originality: clinical significance and novelty

The originality criterion comprises significance and nov-
elty. Under our framework, significance centers on dem-
onstrating a clinically meaningful magnitude of effect
(effect size), not only statistical significance [64]. Even if
results are clinically meaningful, they can only alter cur-
rent practice if they are novel compared to the current
evidence base and standard practice, as shown in Fig. 4.
Appraising novelty requires contrasting study results with
a careful examination of the cumulative substantive evi-
dence (e.g., reviews, practice guidelines) and current prac-
tices. Appraisal is thus practice-setting dependent. Under
an evidence-based research approach, the broader context
of study question and results should be systematically
considered in the planning and interpretation of the study
itself [12, 76]. The novelty of a study involves changing
an intervention-population coupling: this requires alter-
ing (i.e., adding or removing) an intervention in a specific
population or, conversely, modifying a specific population
as eligible for an intervention. For example, finding that
exercise benefits older adults with frailty may not be novel
since exercise is already recommended to older adults in
general. The difference between statistical and clinical sig-
nificance (magnitude of benefits) has been highlighted in
frameworks [11, 17, 18, 31, 40, 46, 47], but the importance
of the novelty of findings to alter practice has not. The
lack of novelty may explain why some prediction studies
do not alter practice: if all modifiable predictive exposures
are already addressed in standard care, then no new indi-
cation can be identified.
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Risk-benefit comprehensiveness

Will altering an indication in current practice prove com-
prehensively beneficial to patients? Two sides must be
examined: first, the intervention and displaced alterna-
tives and, secondly, their summary net effect on over-
all outcomes [77]. Comparing a drug to placebo will not
displace the same alternatives as comparing a drug with
another active agent; if the study outcome is condition-
specific at the expense of remaining patient-centered,
important complications or outcomes may be overlooked
that would outweigh the observed benefit. The withdrawal
of the nonsteroidal anti-inflammatory drug rofecoxib due
to unanticipated cardiovascular events is one example of
the importance of comprehensively considering risks and
benefits [78]. The risk-benefit comprehensiveness criteria
emphasizes the necessity of examining explicitly and com-
prehensively the magnitude and trade-offs of harms and
benefits criterion identified in available frameworks [11,
17, 18, 31, 40, 46, 47]. The correct calculation of compre-
hensive health outcomes to estimate net-benefit requires
that outcomes be integrated on the absolute scale rather
than on the relative scale [66].

Transposability

Appraising transposability involves taking all elements of
study design, including the broader context of the study,
and applying them to a specific practice setting. Epidemi-
ologists and clinicians readily consider the external validity
rubrics of generalizability and transportability [25, 79, 80].
Our transposability criterion has a wider scope. In addition
to considering the population and effect modifiers (effec-
tiveness) [25], transposability includes all other facets of
implementing the intervention in a given practice setting,
e.g., acceptability and feasibility, cost-effectiveness, ethics,
and sustainability [18, 22, 46, 48, 53]. These will vary by
practice context: resource settings, income levels, health-
care systems and payers, preferences priority, etc. [18, 21,
46, 52, 81]. As these additional questions enter into the
realm of implementation science and economic evaluation,
they may be beyond the direct purview of epidemiological
research and are not exhaustively detailed in FrACAS.

Discussion

We identified 26 unique frameworks that appraise appli-
cability of studies varying according to the evidence
type assessed and the intended target user. Within
these frameworks we synthesized 21 criteria focused
on four facets of applicability (internal validity, clini-
cal applicability at the individual level, external valid-
ity, and applicability at the population or system level).
Our mapping of frameworks can help researchers, cli-
nicians, and decision-makers select the most suitable
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framework depending on the appraisal question and con-
text; selected framework may be further customized by
including other synthesized criteria.

We propose a framework aiming to assist clinicians
in the appraisal of clinical applicability. FrACAS shares
many criteria with existing more structured and widely
adopted frameworks. We believe that FrACAS is comple-
mentary to established frameworks. First, our framework
creates three practical and operational domains of clini-
cal applicability that are meaningful from a clinical prac-
tice standpoint: research evidence (i.e., does not inform
clinical practice directly), practice informing, and prac-
tice changing. Rather than having the full body of existing
evidence on a topic as the primary area of focus, FrACAS
takes each individual study and characterizes its clinical
applicability and impact, which is typically how new find-
ings are examined and consumed in daily practice.

Next, to distinguish between level of evidence
domains, FrACAS proposes two additional criteria not
explicitly featured in other frameworks: indication-
informativeness and originality. Many frameworks
emphasize study design to determine clinical applica-
bility and give more weight to RCT and meta-analyses
than to cohort and case-control designs. The indica-
tion-informativeness criterion makes clear that it is not
the study design per se that allows a study to inform
and alter practice but its ability to validly inform an
indication. Many health-improving interventions did
not originate from experimental evidence (e.g., smok-
ing cessation). RCT evidence has an easier claim to
validity, indication-informativeness, and thus clinical
applicability. However, one cannot invalidate causal
inference from observational studies, only require more
caution [71]. The criterion of originality is important to
differentiate studies between being practice-informing
or practice-changing. Determining originality (nov-
elty and significance) is clinically consequential: prac-
tice-informing studies can go unnoticed by clinicians
without major detriment since they do not alter any
indication, but practice-changing studies cannot. The
novelty of study results is often the prime answer to the
“so what?” question of clinical applicability, following
the “is it credible?” question of internal validity.

Our framework and criteria span multiple evidence
types and target users, from fundamental research up
to trials and, though focused on clinicians, can be rel-
evant to researchers and decision-makers. FrACAS
proposes six relatively orthogonal criteria and does not
reduce them to one or two dimensions to summarize the
strength or certainty of evidence [82]. FrACAS can be
used as a checklist to diagnose which study design ele-
ments should be addressed for a study to change practice.
Clinical translation can and does occur in the absence of
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one or many criteria, but we believe that careful analy-
sis would reveal that missing criteria are assumed. We
believe that the conciseness of our framework and check-
list will help clinicians and trainees appraise and discuss
study findings in daily practice.

Finally, our framework emphasizes the highly contex-
tual and potentially subjective nature of appraising clini-
cal applicability. By explicitly describing study design
elements and data sources to be examined for each cri-
terion, we show that determining practice-changing sta-
tus requires the consideration of an increasing number of
features. Whereas classifying articles as practice inform-
ing can be based on the appraisal of the individual study
in question, a practice changing classification requires
consideration of the cumulative evidence base, current
standard and specific practice setting. Changing prac-
tice is an interdisciplinary and concerted effort requiring
both methodological and substantive expertise.

Limitations

Although we carried out a robust literature search,
extraction, and synthesis process, we did not conduct
a formal systematic review. Even if we used a very wide
search strategy, we may have omitted applicability frame-
works. Our review serves primarily as a map to compare
frameworks and criteria rather than to examine their
relative strengths and weaknesses [15, 16, 83—85]. The
process of developing a conceptual framework entails
some subjectivity and variability; although a formal Del-
phi method was not employed, we included a wide range
of inputs to iterate versions of our framework (current
frameworks, debates in epidemiology, multiple stake-
holders, and pilot testing). This representativity and the
relative overlap with existing frameworks provide face
and content validity. Ultimately, the most proper test of
validity and usefulness of our framework will be deter-
mined in its usage and application in the real world; fur-
ther refinements may benefit from wider inclusion of
patient and institutional stakeholders.

Conclusion

Frameworks appraising applicability can be classi-
fied according to the types of evidence assessed, target
users, and areas of applicability (internal validity, clini-
cal applicability, external validity, applicability at popu-
lation/system level). We proposed a concise framework
focusing on clinical applicability which uses six crite-
ria to classify studies into three evidence domains:
research, practice informing, or practice changing.
Our framework can be used as a tool for the design,
appraisal, and interpretation of epidemiological and
clinical studies to improve their clinical applicability.
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