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Abstract

Introduction: Appropriate medication prescribing may be influenced by a prescriber’s ability to 

understand and interpret medical research. The objective of this review was to synthesize the 

research related to prescribers’ critical appraisal knowledge and skills—defined as the 

understanding of statistical methods, biases in studies, and relevance and validity of evidence.

Methods: We searched PubMed and other databases from January 1990 through September 

2015. Two reviewers independently screened and selected studies of any design conducted in the 

United States, the United Kingdom, or Canada that involved prescribers and that objectively 

measured critical appraisal knowledge, skills, understanding, attitudes, or prescribing behaviors. 

Data were narratively synthesized.

Results: We screened 1,204 abstracts, 72 full-text articles, and included 29 studies. Study 

populations included physicians. Physicians’ extant knowledge and skills were in the low to 

middle of the possible score ranges and demonstrated modest increases in response to 

interventions. Physicians with formal education in epidemiology, biostatistics, and research 

demonstrated higher levels of knowledge and skills. In hypothetical scenarios presenting 

equivalent effect sizes, the use of relative effect measures was associated with greater perceptions 

of medication effectiveness and intent to prescribe, compared with the use of absolute effect 

measures. The evidence was limited by convenience samples and study designs that limit internal 

validity.

Discussion: Critical appraisal knowledge and skills are limited among physicians. The effect 

measure used can influence perceptions of treatment effectiveness and intent to prescribe. How 

critical appraisal knowledge and skills fit among the myriad of influences on prescribing behavior 

is not known.
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Safe and appropriate prescribing of medications is influenced by numerous factors. 

Differences in understanding and perception of medication effectiveness by prescribers may 

lead to different therapeutic decisions, even with accurately presented data. A recent 

systematic review found that when it comes to prescribing new medications, several factors, 

such as being male, being younger, and the location of a prescriber’s training, all increased 

the likelihood of prescribing new medications.1 This review also identified that factors 

related to scientific orientation play a role in prescribing behavior. The number of peer-

reviewed articles read, attendance at continuing medical education courses, and perceived 

scientific orientation (e.g., physicians who valued staying current with scientific 

developments more than spending time with patients) were associated with a higher 

likelihood of prescribing new medications.1 A clinician’s ability to correctly interpret 

research evidence to guide therapeutic decision making is essential to reducing unwarranted 

variation and clinically inappropriate prescribing.

Evidence-based medicine (EBM) is the judicious use of the best current evidence in making 

decisions regarding patient care.2 During the last two decades, EBM has been introduced 

into the U.S. health professional training and practice community.2 A core concept of EBM 

is critical appraisal of evidence (i.e., research studies), which is defined as the understanding 

of scientific and statistical methods, the ability to identify biases in studies, and the ability to 

determine if the evidence is relevant and valid and how it affects patient care.3 The 

American Association of Medical Colleges (AAMC) includes the domain Knowledge for 
Practice as one of eight competencies comprising its list of common learner expectations.4 

This competency states, “Demonstrate knowledge of established and evolving biomedical, 

clinical, epidemiological, and social-behavioral sciences, as well as the application of this 

knowledge to patient care.”

Although EBM has been adopted in recent decades, more than half of actively licensed 

physicians are currently aged 50 or above5 and were trained before the current EBM era. 

Studies have reported that physicians lack sufficient critical appraisal knowledge and skills.
6–9 Because of this, prescribers may be unduly influenced by the way study results are 

presented.

Although many prescribers may lack sufficient critical appraisal knowledge and skills, many 

believe it is essential for clinical practice and are aware of the gaps in their knowledge and 

need for more education or training. One study of 300 teaching faculty, medical residents, 

and medical students found that 88% believed that EBM is important for clinical practice 

and 93% affirmed that biostatistics is an important part of EBM.10 However, only 9% felt 

that they have had adequate training in biostatistics, and only 23% believed that they could 

identify whether the correct statistical methods have been applied in a study.10 Another 

study of 317 physicians in the United Kingdom (U.K.) found similar results.11 In this study, 

physicians rated that they were highly confident that “EBM is essential” (mean = 5.10 on 6-

point Likert scale) but were also confident that “I need more training” (mean = 5.30).

The objective of this systematic review was to summarize the research related to prescriber 

critical appraisal knowledge and skills. Specifically, we defined two key questions:
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Key Question 1: Do prescribers’ education, training, and skills related to the critical 

appraisal of research influence their ability to correctly interpret research and 

influence their behavior in prescribing medications?

Key Question 2: What practices of research presentation are associated with correct 

interpretation of research by prescribers?

Methods

With the assistance of a medical librarian, we searched PubMed, Cochrane Library, 

PsycINFO, and ClinicalTrials.gov for original research published in English, from January 

1990 through September 2015, using the search strategy in Appendix A1 in the Digital 

Supplement. We identified additional studies by hand-searching reference lists of relevant 

studies and forward-tracing relevant studies using Google Scholar and Web of Science.

Study Selection

Two reviewers independently screened titles/abstracts and full-text articles for inclusion 

based on study selection criteria detailed in Appendix A2. Disagreements at the full-text 

review stage were resolved by discussion. In brief, we included all study designs involving 

prescribers, which we defined as physicians, nurse practitioners, and physician assistants. 

We considered only studies that took place in the United States (U.S.), the U.K., and in 

Canada because these countries are where most evidence-based medicine concepts and 

training have originated. For Key Question 1, we included studies of experimental or 

nonexperimental exposures involving critical appraisal training or education, which we 

defined as courses, trainings, or other formal experiences with clinical epidemiology, 

biostatistics, and evidence-based medicine, with objectives to measure or influence 

prescribers’ ability to read, interpret, and apply medical research studies. For Key Question 

2, we included studies evaluating alternative result formats, including framing of subgroup 

and post hoc analyses. Eligible outcomes included the correct interpretation of research 

results through objective critical appraisal knowledge or skills assessment and prescribing 

attitudes and behaviors.

Data Abstraction and Synthesis

We developed a standardized abstraction form to capture relevant study information. One 

reviewer abstracted data from included studies, and these data were checked for accuracy by 

a senior reviewer. We contacted study authors when needed for further clarification. The 

senior reviewer evaluated study quality by assessing the potential for selection bias, 

performance bias, and measurement bias and whether appropriate analytic techniques were 

employed; this assessment was tailored to the specific study design. We narratively 

synthesized findings for each key question by summarizing the characteristics and results of 

included studies in narrative format. We did not quantitatively synthesize findings because of 

methodological and clinical heterogeneity.
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Results

We screened 1,204 titles and abstracts and 72 full-text articles that we identified through our 

electronic database search and supplemental hand search. We included 29 unique studies for 

this review (Figure 1). We describe individual study characteristics, outcomes, study quality, 

and applicability of included studies in the evidence tables located in Appendix B in the 

Digital Supplement.

Key Question 1

Do prescribers’ education, training, and skills related to the critical appraisal of research 

influence their ability to correctly interpret research and influence their behavior in 

prescribing medications?

Study Characteristics—Of the 19 studies relevant to this key question, two were 

systematic reviews,12,13 three were randomized controlled trials (RCTs),14–16 two were 

nonrandomized trials,17,18 five were repeated measures designs using a single group with 

one pre- and one or more post-intervention measurements,19–23 six were cross-sectional 

designs,24–29 and one was a psychometric validation study.30 Except for one study that was 

published in 1980,29 all studies were published in the year 2000 or later. All studies were 

focused on physician prescribers. Figure 2 summarizes the biostatistical, epidemiological, 

and critical appraisal concepts evaluated among these studies. Intervention studies evaluated 

stand-alone teaching interventions, such as journal clubs, seminars, and workshops in 

addition to teaching approaches integrated into clinical practice. Interventions ranged in 

duration from several hours to longitudinal curricula over 2 years.

Most studies reported outcomes related to objectively measured critical appraisal knowledge 

or skills. Depending on study design, study authors reported these outcomes as a change 

from pre-intervention to post-intervention within a single group (repeated measures 

designs), a mean change in knowledge in an intervention group as compared with a control 

group (RCTs, nonrandomized trials), or as differences in knowledge among groups 

characterized by differences in demographics, prior education and training, or other study 

population characteristics (cross-sectional designs). Four studies used existing EBM 

assessments (Fresno test20–22; Berlin EBM questionnaire17). All other studies used 

assessments developed for the study; eight of these provided information about the 

assessment validity or reliability.14–16,18,25,27,28,30

Findings—Table 1 provides a summary of findings for the 16 studies for which extant 

critical appraisal knowledge or skills were reported.

Knowledge—The mean percent correct on critical appraisal knowledge assessments 

(which varied in length and rigor) ranged from 34% to 74% among the five studies using 

cross-sectional designs.24,25,27–29 Several characteristics related to scientific orientation 

were found to be associated with higher knowledge. These include having an advanced 

degree (other than a medical degree) or prior training in epidemiology, biostatistics, or 

clinical research.27–29 Residents and faculty in university settings or academic positions 
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were more likely to have significantly higher knowledge scores than residents and faculty in 

community settings.24,25,28

One systematic review and five primary research studies reported outcomes related to 

objectively measured changes in knowledge in response to an intervention/exposure.
12,14,16–19 Coomarasamy and Khan12 synthesized findings from 17 studies reporting 

knowledge; 12 of the included studies demonstrated improvements in knowledge. Of the 

four primary research studies with control groups, two showed statistically significant 

improvements in knowledge scores compared with the control group,16,17 one showed no 

effect of the intervention,14 and one showed favorable effects for one of the two active study 

arms evaluated.18

Skills—Two studies reported on extant critical appraisal skills.25,26 Beasley and Wooley25 

reported mean critical appraisal assessment scores of between 0.6 and 1.9 on a 4-point scale 

among statewide faculty affiliated with a single U.S. medical school. Mimiaga et al.26 

assessed the ability of 115 specialists and generalist physicians to correctly interpret efficacy 

findings from two trials related to pre-exposure prophylaxis. In this study, 72% of 

respondents correctly interpreted trial results.

Two systematic reviews and seven primary research studies reported outcomes related to 

objectively measured changes in critical appraisal skills.12,13,15,16,20–23,30 Within the 

Coomarasamy and Khan12 review, five of the nine studies assessing skills reported an 

increase and four reported no increase in skills. Within the Harris et al.13 review, five of the 

seven studies that assessed skills reported statistically significant increases.13 Of the studies 

that demonstrated increases, three included a mentoring component, four included didactic 

support, and four used a structured review instrument. Of the three primary research studies 

with control groups, one showed no differences in skills in two of the three domains 

assessed,16 and the other two studies showed improvements in skills in the intervention 

groups.15,30 All four primary research studies using repeated measures designs showed 

statistically significant improvements in skills post-intervention.20–23

Attitudes—Five studies, including one systematic review, reported on prescriber attitudes, 

which included self-assessed confidence in understanding specific concepts and in 

interpreting evidence, as well as self-acknowledgement of the need for certain knowledge or 

skills for different clinical scenarios.12,16,21,27,28 Within the Coomarasamy and Khan12 

review, attitude outcomes were assessed by six intervention studies of which half showed 

statistically significant improvements relative to a comparison group. Among plastic surgery 

residents from a single U.S. program, Susarla et al. found that residents with a prior course 

in biostatistics or EBM reported more confidence in their ability to interpret the results of 

statistical tests than residents without formal coursework; performance on knowledge 

assessments was strongly correlated with resident confidence.27 Windish et al. reported a 

mean confidence score of 11.7 (SD 2.7) out of 20 for interpreting statistical results in survey 

of internal medicine residents from 11 programs in one U.S. state.28 In this study, 75% of 

respondents reported not understanding all of the statistics encountered in the literature. 

Taylor et al.16 reported confidence outcomes in an RCT evaluating a 3-hour EBM workshop 

conducted among practitioners in the U.K., using six items rated on a 5-point Likert item 
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scale for a possible score range of 6 to 30. Post-intervention mean scores were 15.0 (SD 5.3) 

in the intervention group and 13.8 (SD 5.1) in the control group, with no statistical 

difference between groups. Conducted in a single U.S. family medicine residency program, 

Shaughnessy et al. used a repeated measures design to report participant confidence in their 

ability to determine five characteristics of a study. The mean confidence score pre-

intervention was 17.9 (95% confidence interval [CI] 16.6 to 19.3), out of a maximum score 

of 25, and the mean score post-intervention was 21.1 (95% CI 19.5 to 22.7).

Prescribing Behavior Intentions—One study reported outcomes related to prescribing 

behavior intentions. Using a cross-sectional design, Mimiaga et al.26 assessed physicians’ 

characteristics, critical appraisal skills, and likelihood of prescribing based on data presented 

in two clinical trials focused on pre-exposure prophylaxis for HIV infection. Between 78% 

and 83% indicated they would prescribe treatment to populations in which efficacy had been 

demonstrated in the trials; just over half (52 to 53%) also indicated they would prescribe to 

populations that were not included in the trials.

Key Question 2

What practices for research presentation are associated with correct interpretation of 

research by prescribers?

Study Characteristics—Of the ten studies relevant to this key question, two were 

systematic reviews,31,32 one was an RCT,33 one was a factorial RCT,34 five were repeated 

measures design with a single post-intervention measurement,35–39 and one was a qualitative 

research design.40 Three studies were published between 1990 and 2000,33,35,36 and seven 

published after 2000.

Both systematic reviews reported on studies conducted with physicians, consumers, and 

non-prescribing health care professionals. We generally limited our synthesis to the subset of 

studies within each review that focused on physicians, except where an outcome was not 

presented separately for physicians. Of the primary research studies, six were conducted 

solely among physicians in practice (i.e., beyond residency training),3,34,35,38–40 and two 

included a mixed study population of residents and physicians in practice.33,36

Studies used actual or simulated data presented to participants to assess the impact of 

alternative effect-measure presentations. For example, a common intervention across 

numerous studies was to present the same efficacy data for a treatment using relative risk 

reduction (RRR) versus using absolute risk reduction (ARR). All primary studies were 

designed as experiments involving a one-time exposure to the actual or simulated data, 

followed immediately by an assessment. Outcomes varied but included measures designed 

to assess participant understanding of the data presented,32,34 rating of treatment 

effectiveness,32,3331 and likelihood of making a decision to prescribe.31,32,35–39 In the single 

included qualitative research study, the outcomes assessed were usefulness and clarity of 

reporting methods, preference for reporting, and attitudes toward reporting methods.40
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Findings

Perceived Effectiveness of Treatment: The Akl et al.32 review included three studies 

assessing perceived effectiveness of treatment by health care professionals. Despite 

numerically equivalent results, professionals rated interventions as being more effective 

when the result was reported as RRR compared with when the result was reported using 

number needed to treat (NNT) (pooled standardized mean difference [SMD] 1.15, 95% CI 

0.80 to 1.50). Similarly, professionals perceived higher effectiveness when studies reported 

results with RRR compared with ARR (pooled SMD 0.39, 95% CI −0.04 to 0.82), but these 

findings were not statistically significant. Professionals also perceived higher effectiveness 

when studies were reported using ARR compared with studies reported using NNT (pooled 

SMD 0.79, 95% CI 0.43 to 1.15). The Covey et al.31 review found that across all audience 

types, numerically equivalent results presented in a relative format had statistically 

significant higher ratings of effectiveness than results presented using an absolute format 

(log odds 1.60, 95% CI 1.60 1.22 to 1.98, N = 29 comparisons) or results presented using 

NNT (log odds 1.64, 95% CI 1.28 to 2.00, N = 24 comparisons).

Using a factorial RCT design Raina et al.34 randomized 120 Canadian physicians identified 

from membership rolls of a medical professional society to receive one of six case scenarios 

involving data from a meta-analysis to determine how effect-measure used, disease severity, 

magnitude of effect, and statistical consistency of included studies affect physician 

interpretation of treatment effect. The authors reported no difference in perceived treatment 

effectiveness by presentation of relative (i.e., risk ratio, odds ratio) versus absolute measures 

(i.e., risk difference) or by severity of the disease for which treatment was being evaluated. 

Physicians rated data as having higher levels of treatment effectiveness when the effect size 

was large, rather than when the effect size was small. Further, physicians rated data as 

having higher levels of treatment effectiveness when findings were statistically consistent 

than when they were statistically inconsistent; and statistical consistency affected this 

perception more when the effect-measure used was risk difference.

Intent to Prescribe: Six studies evaluated the impact of relative versus absolute data 

presentation formats on intent to prescribe.32,35–39 The Akl et al.17 review found that among 

12 studies, interventions using RRR were rated as being more persuasive for making a 

decision to treat or adopt the intervention (pooled SMD 0.71, 95% CI 0.49 to 0.93) 

compared with intervention using ARR, despite numerically equivalent results. Similarly, 

this review found that among 10 studies, interventions using RRR were also rated as more 

persuasive (pooled SMD 0.65, 95% CI 0.42 to 0.87) compared with studies using NNT, but 

no difference in persuasiveness was seen among studies reporting ARR versus NNT. Four 

primary research studies, all using repeated measures designs, evaluated the intent to 

prescribe based on whether relative or absolute measures were used.35–38 Across these 

studies, numerically equivalent results presented using a relative format resulted in 

significantly higher willingness to prescribe compared with an absolute format.

Using a repeated measures design, Parker et al.39 evaluated patient management decisions 

for six simulated clinical scenarios among 435 physicians in a single Canadian province. 

The scenarios were designed to assess differences in management decisions based on 
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whether overall or subgroup benefits or harms were present and whether a treatment 

interaction by subgroup was significant. Reasonably large differences in clinician 

management decisions were observed among some scenarios with conflicting overall and 

subgroup findings. While there were no right answers, management decisions made by 

physicians with formal training in research methodology who had an academic appointment 

and were involved in research or who spent less time in patient care were less influenced by 

subgroup analyses. These physicians were more likely to focus on the overall results for 

management decisions.

Perceived Understanding: The Akl et al.17 review found that among three included studies, 

data reported with natural frequencies (e.g., of 500 people treated, 350 experience 

improvement) had higher objectively measured understanding (pooled SMD 0.94, 95% CI 

0.53 to 1.34) compared with data reported with percentages.32 Using a repeated measures 

design, Cranney and Walley35 found that among 73 general U.K. practitioners shown the 

same effectiveness data in four formats, only two practitioners identified that the formats 

presented the same data. Further, 75% reported having a hard time understanding statistics 

commonly found in journals. In a study previously described that assessed the effect of 

different presentations of meta-analysis data, Raina et al.34 reported that only 12.5% of 

participants in the study were able to identify the correct definition for odds ratio, 25% for 

risk ratio, and 35% for risk difference.

Lastly, Froud et al.40 conducted a qualitative research study among 14 purposively sampled 

U.K. clinicians to examine the clarity, ease, and perceptions of clinicians related to low back 

pain trial reporting methods using reports of five fictitious trials. Clinicians who had been 

previously involved in research tended to better recall statistical/epidemiological concepts 

and appeared more inclined to critically appraise the impact the trial had on their practice. 

Other themes identified in this study included participant concerns that individual RCTs 

were not sufficient forms of evidence to make an impact on practice and that current 

reporting methods are difficult to understand.

Discussion

Studies for Key Question 1 were mainly focused on evaluating physician knowledge and 

critical appraisal skills at a point in time or following educational/training interventions. 

Several studies reported attitudes, primarily confidence levels associated with interpreting 

statistics or medical research, and we identified only one study directly reporting on the 

relationship with prescribing behavior intentions. Of those studies reporting extant 

knowledge either through cross-sectional designs or as baseline measures prior to the 

intervention, the overall levels of knowledge and skills varied, but mean scores tended to be 

in the middle of the possible score range, at levels below what would likely be considered 

mastery. Although the evidence suggests that knowledge and skills can be improved with 

interventions such as journal clubs or workshops, we identified no studies that evaluated 

whether these improvements are durable over the long term or translate into changes in 

prescribing behavior. The evidence also suggests that physicians with additional formal 

training in biostatistics, epidemiology, or clinical research demonstrate higher levels of 

knowledge and appraisal skills than those with usual medical education.
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Studies for Key Question 2 were focused on evaluating how different effect-measures used 

to report results influence physicians’ perceptions of effectiveness and willingness to treat. 

The evidence suggests that the use of relative effect-measures increases perceptions of 

effectiveness and likelihood of treatment compared with absolute formats. Whether relative 

formats result in overestimates of effectiveness and overuse of treatment or result in 

underestimates of effectiveness and underuse of treatment cannot be discerned from these 

studies. Consistent with other reports,41 these studies demonstrate that physician 

interpretation of data is influenced by the choice of effect-measure presented.

We note several limitations in this body of evidence and of this review. All studies were 

focused primarily on physician prescribers; no studies were specifically designed for nurse 

practitioner or physician assistant prescribers, though findings are probably applicable to 

other prescribers. We identified no studies that measured actual prescribing behaviors. A 

sizable proportion of the studies were conducted among convenience samples or had 

methodological issues that limited internal study validity. The use of idiosyncratic measures 

limited our ability to quantitatively synthesize findings across the body of evidence. Many 

Key Question 1 studies might be more appropriately categorized as curriculum evaluation 

and were not designed with the same rigor that might accompany intervention research. 

Indexing of these studies in electronic databases is inconsistent as evidenced by the 

proportion of eligible studies we identified through hand searches. Our review approach was 

also limited by the use of a single review to assess study quality and no formal assessment of 

publication bias.

A fundamental gap in this body of evidence is the lack of a common underlying framework 

as to how critical appraisal knowledge and skills fit among the myriad of influences on 

prescribing behavior. The path from a published clinical trial to an individual treatment 

decision by a prescriber is not linear and includes many contextual influences on decision 

making. This includes individual prescriber characteristics, patient values and preferences, 

system-level factors, professional community guidelines and standards, exposure to medical 

product promotion, and disease-specific considerations. For example, Brookhart et al.42 

evaluated therapeutic decision making related to osteoporosis and found that individual 

physician factors explained only 14% of the variation in decision making, and more than 

half of this could be attributed to clinic-level factors. In a synthesis of 624 qualitative 

studies, Cullinan et al.43 identified four factors related to inappropriate prescribing in older 

patients: 1) the need to please the patient, 2) feeling of being forced to prescribe, 3) tension 

between prescribing experience and prescribing guidelines, and 4) prescriber fear. With the 

myriad of information sources available to prescribers, experts have suggested that teaching 

critical appraisal of primary research studies may be less important than teaching 

information management skills.44

Future research in this area should be framed within the larger context of information 

management, clinical decision support, and its relationship to safe and appropriate 

prescribing behaviors. This could include research that helps elucidate how information 

acquisition and understanding related to medications may be different within different 

contexts (e.g., point–of- care decision making versus formal continuing medical education) 

or for different kinds of prescribers. The use of contemporary behavioral theory and 
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implementation science frameworks to guide research, education, and policy in this area 

may offer a wider menu of options beyond critical appraisal to address the issue of safe and 

appropriate prescribing.

In conclusion, we identified 29 studies to address two key questions related to prescriber 

knowledge and critical appraisal skills of medical research and presentation formats that 

influence perceptions of effectiveness and intent to prescribe. Findings suggest that extant 

knowledge and skills are highly varied, and perhaps limited, and that certain features 

regarding how data are presented, such as relative versus absolute effect-measures, influence 

physician perceptions of treatment effectiveness and their intent to prescribe in hypothetical 

scenarios. No studies evaluated the influence of physician understanding or skills on actual 

prescribing behavior. Future research could be framed within the larger context of 

information management, clinical decision support, and its relationship to safe and 

appropriate prescribing.
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Lessons for Practice

Physician prescribers may not have adequate critical appraisal knowledge and skills to 

understand and correctly interpret research evidence for safe and effective medication 

prescribing.

Knowledge and skills can be improved, at least in the near term, with a variety of 

education and/or training interventions.

Perceptions of treatment effectiveness and the intent to prescribe are increased by the use 

of relative effect-measures (e.g., risk ratio, odds ratios) in reports of research findings 

compared with the use of absolute effect-measures (e.g., risk difference), despite 

numerically equivalent effect sizes.
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FIGURE 1. Disposition of studies (PRISMA Flow Diagram)
Preferred Reporting Items for Systematic Reviews and Meta-Analysis: Prescribers’ 

Knowledge and Skills for Interpreting Research Results
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FIGURE 2. 
Summary of Critical Appraisal Concepts Evaluated by Studies Included in Key Question 1
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