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— ABSTRACT

Background: Meta-analyses of continuous
outcomes typically provide enough informa-
tion for decision-makers to evaluate the ex-
tent to which chance can explain apparent
differences between interventions. The inter-
pretation of the magnitude of these differ-
ences — from trivial to large — can, however,
be challenging. We investigated clinicians’ un-
derstanding and perceptions of usefulness of
6 statistical formats for presenting continuous
outcomes from meta-analyses (standardized
mean difference, minimal important differ-
ence units, mean difference in natural units,
ratio of means, relative risk and risk difference).

Methods: We invited 610 staff and trainees in
internal medicine and family medicine pro-
grams in 8 countries to participate. Paper-
based, self-administered questionnaires pre-
sented summary estimates of hypothetical
interventions versus placebo for chronic pain.
The estimates showed either a small or a large
effect for each of the 6 statistical formats for
presenting continuous outcomes. Questions
addressed participants’ understanding of the
magnitude of treatment effects and their per-

ception of the usefulness of the presentation
format. We randomly assigned participants 1
of 4 versions of the questionnaire, each with a
different effect size (large or small) and pre-
sentation order for the 6 formats (1 to 6, or 6
to 1).

Results: Overall, 531 (87.0%) of the clinicians
responded. Respondents best understood risk
difference, followed by relative risk and ratio
of means. Similarly, they perceived the dichot-
omous presentation of continuous outcomes
(relative risk and risk difference) to be most
useful. Presenting results as a standardized
mean difference, the longest standing and
most widely used approach, was poorly un-
derstood and perceived as least useful.

Interpretation: None of the presentation for-
mats were well understood or perceived as
extremely useful. Clinicians best understood
the dichotomous presentations of continuous
outcomes and perceived them to be the most
useful. Further initiatives to help clinicians
better grasp the magnitude of the treatment
effect are needed.

ealth professionals increasingly rely on
summary estimates from systematic
reviews and meta-analyses to guide their
clinical decisions and to provide information for
shared decision-making. Meta-analyses of clini-
cal trials typically provide the information neces-
sary for decision-makers to evaluate the extent to
which chance can explain apparent intervention
effects (i.e., statistical significance). However,
interpreting the magnitude of the treatment effect
— from trivial to large — particularly for contin-
uous outcome measures, can be challenging.
Such challenges include decision-makers’
unfamiliarity with the instruments used to mea-
sure the outcome. For instance, without further
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information, clinicians may have difficulty grasp-
ing the importance of a 5-point difference on the
Short-Form Health Survey-36 (SF-36) or a 1-point
difference on a visual analogue scale for pain.'
Second, trials often use different instruments to
measure the same construct. For instance, investi-
gators may measure physical function among
patients with arthritis using 1 of 5 instruments (the
Western Ontario and McMaster Universities
Arthritis Index using either a visual analogue or
Likert scale; the Arthritis Impact Measurement
Scale; the SF-36 Physical Function; or the
Lequesne index).>?

Authors have several options for pooling results
of continuous outcomes. When all trials have used
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the same instrument to measure outcomes such as
physical function or pain, the most straightforward
method is to present the mean difference in natural
units between the intervention and control groups.
When trialists have used different instruments to
measure the same construct, authors of systematic
reviews typically report differences between inter-
vention and control groups in standard deviation
units, an approach known as the standardized
mean difference (SMD). This approach involves
dividing the mean difference in each trial by the
pooled standard deviation for that trial’s outcome.*

For meta-analyses of outcomes measured using
different instruments, presenting results as an
SMD is the longest standing and most widely used
approach and is recommended in the Cochrane
handbook for systematic reviews of interventions.*
Limitations of this approach include, however, sta-
tistical bias toward decreased treatment effects,>®
the possibility that decision-makers will find the
measure difficult to interpret’”® and the possibility
that the same treatment effect will appear different
depending on whether the study population had
similar results in the measure of interest (i.e., if ho-
mogeneous, a small standard deviation) or varied
greatly in the measure of interest (i.e., if heteroge-
neous, a large standard deviation).>!°

Several research groups have proposed alter-
native statistical formats for presenting continu-
ous outcomes from meta-analyses that they pos-
tulate clinicians will more easily interpret.5-311-16
The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) Work-
ing Group recently provided an overview of
methods for presenting pooled continuous
data.®! These alternatives (Appendix 1, avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.150430/-/DC1), although intuitively com-
pelling, have seen limited use.

We conducted a survey to determine clinicians’
understanding of the magnitude of treatment effect
for 6 approaches to the presentation of continuous
outcomes from meta-analyses, as well as their per-
ceptions of the usefulness of each approach for
clinical decision-making. We also evaluated
whether their understanding and perceptions of
usefulness were influenced by country, medical
specialty, clinical experience or training in health
research methodology.

Methods

Design and study sample

We administered a paper-based survey to medi-
cal staff and trainees attending internal and fam-
ily medicine educational sessions in 8 countries
(Canada, Chile, Finland, Lebanon, Norway,
Spain, Switzerland and the United States). We
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chose to survey clinicians in internal medicine
and family medicine because these groups con-
stitute a large proportion of physicians who treat
chronic pain in their practice,'” and because edu-
cational programs in both areas often emphasize
using the medical literature to improve clinical
decision-making.

To be eligible for inclusion, participants had to
be competent in English, or the local language (at
the University of Tampere, the survey was admin-
istered in Finnish; in all other centres, it was
administered in English); had to attend educational
rounds hosted by family medicine or internal med-
icine at one of the participating centres; and had to
agree to participate. Medical staff and trainees who
were not in an internal medicine or family medi-
cine program but who attended educational ses-
sions hosted by these training programs were also
eligible. Clinicians were free to decline participa-
tion. Acceptance of the invitation to participate in
the survey was deemed informed consent.

We collected data on the following characteris-
tics of study participants: country, sex, specialty,
professional status (medical student, resident,
clinical fellow, or attending or staff physician),
year of graduation from medical school and train-
ing in health research methodology.

Questionnaire development

The 6 statistical formats for presenting continuous
outcomes from meta-analyses (described later in
the section) were chosen on the basis of a review
of the literature!® and consensus among members
of the GRADE Working Group.>!°

We pilot-tested the questionnaire in 2 centres
among 20 clinicians not affiliated with our re-
search team. Based on the feedback from each
centre, we modified the survey to improve the clar-
ity of the questions. The final version consisted of
5 demographic questions, 12 questions addressing
clinician understanding of each presentation for-
mat and 6 questions addressing clinician prefer-
ences among the presentation formats.

Participants were given summary estimates of
hypothetical interventions versus placebo for
chronic pain. The estimates showed either a small
or a large treatment effect for each of the 6 presen-
tation formats. For each format, a core research
team consisting of study authors, including clinical
epidemiologists (B.C.J., J.O.F,, P.O.V,, BR.D.,
N.K.A. and G.H.G.) and a senior statistician
(L.T.), came to consensus on effect sizes corre-
sponding to small and large treatment effects
(Appendix 2, available at www.cmaj.ca/lookup/
suppl/doi: 10.1503/cmaj.150430/-/DC1). The 6
presentation formats were as follows: SMD, mini-
mal important difference units, mean difference in
natural units of the most familiar instrument (in
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our example, pain on a 10-point numeric rating
scale), ratio of means, relative risk and risk differ-
ence (Appendix 1). Participants were asked to
focus on the magnitude of the treatment effect esti-
mate and not on other issues such as potential
adverse events, cost, inconvenience, systematic
error (bias) or random error (precision).

For each question, we indicated that pooled
estimates were precise with narrow confidence
intervals (CIs) and very low p values. We devel-
oped 4 versions of the survey, each with a different
combination by effect size (large or small) and, to
address potential order effects, question order (1 to
6, or 6 to 1, for the 6 approaches), and arranged
these versions in random order before distribution.

We used multiple-choice questions to assess
clinicians’ understanding of the magnitude of the
treatment effect for each of the 6 presentation
formats. Each question had a single correct an-
swer. Responses were coded as correct (effect
size correctly identified) or incorrect (effect size
incorrectly identified). For example, the question
addressing understanding of the SMD approach
for a small treatment effect, presented as 0.20
standard deviation units, asked clinicians if the
magnitude of difference was (a) trivial, probably
not important; (b) small, but important; (c) moder-
ate, surely important; or (d) large, very important.

To assess clinicians’ perceptions of the use-
fulness of each presentation format for clinical
decision-making, respondents were asked to use
a 7-point Likert scale, with response options
ranging from “not useful in understanding the
size and importance of the effect” (1 point) to
“extremely useful in understanding the size and
importance of the effect” (7 points) (Appendix 3,
available at www.cmayj.ca/lookup/suppl/doi:
10.1503/cmaj.150430/-/DC1).

The complete survey for a small treatment
effect with formats ordered from 1 to 6 is provided
in Appendix 3. The answer key for the questions
on understanding small treatment effects is shown
in Appendix 4 (available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.150430/-/DC1).

Statistical analysis

Of our 2 primary objectives (understanding of the
magnitude of treatment effect, and usefulness of
each of the presentation formats), we based the
sample size estimation for CIs for proportions on
the first objective. Our outcome of interest for this
objective was the proportion of correct responses.
We chose to focus on this objective because a
larger sample size would be required since the out-
come is binary. To estimate the proportion of cor-
rect answers, we conducted a pilot study of 20 cli-
nicians in Toronto at The Hospital for Sick
Children and St. Michael’s Hospital; the propor-

tion of correct responses for the 6 presentation for-
mats ranged from 21% to 50%. We chose 50% as
the most conservative value, since it has the largest
standard deviation, and applied this value and our
desired CI width of 10% (margin of error + 0.05)
to estimate the number of survey participants
needed. The required sample size was 384.

We performed descriptive analyses to summa-
rize participant characteristics. For the analysis of
our primary objectives, the estimates were based
on available cases (i.e., questionnaires with
responses to some or all questions) and were
reported as proportions and means with corre-
sponding 95% Cls, including tests of significance
addressing differences across statistical presenta-
tion formats for each objective. A priori, we
hypothesized that dichotomous statistical formats,
with which clinicians are most familiar, would be
best understood and perceived as most useful.

For our secondary analysis of factors associated
with understanding of the 6 statistical formats, we
used multiple logistic regression to determine fac-
tors associated with correct responses. The factors
explored included country, specialty (internal med-
icine v. family medicine), clinical experience (< 10
yr v. > 10 yr) and level of training in health re-
search methodology (none, some training, gradu-
ate degree completed). Linear regression was used
for perceived usefulness. For the logistic regres-
sion analysis, we expressed the results as odds ra-
tios (ORs) with corresponding 95% Cls. For the
linear regression analysis, we expressed the results
as coefficients with 95% CIs. We used the ¥ test
for contingency tables to compare proportion of
correct responses between various subgroups for
secondary analysis. We tested the order effect us-
ing a %2 test of independence for understanding
and an independent sample ¢ test for perceived use-
fulness. The threshold for statistical significance
was set at a p value of 0.05.

We performed analyses using SPSS version
21 (IBM SPSS Statistics for Windows) and SAS
9.2 (SAS Institute).

Ethics approval

The study design was approved by the ethics
review boards at the study centres in 6 of the 8
countries (Canada: University of Toronto, The
Hospital for Sick Children and McMaster Univer-
sity; Lebanon: American University of Beirut;
Norway: University of Oslo; Chile: Pontificia Uni-
versidad Catolica de Chile; United States: Univer-
sity of Missouri—Kansas City; Spain: Universitat
Autonoma de Barcelona). The requirement for eth-
ics approval was waived by the institutional
review boards in 2 countries (Finland: University
of Tampere; and Switzerland: Cantonal Ethics
Committee of Bern).
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Results

A total of 610 staff and trainees were present
during internal and family medicine rounds
when the surveys were introduced. Overall, 531
completed and returned their questionnaire, for a
response rate of 87% (range 72%—100% across
the participating centres); 482 (79.0%) provided
answers to all of the questions. Of the 531

RESEARCH

respondents, 45.6% were from Canada or the
United States, 56.9% were women, 48.8% were
in internal medicine, 43.1% had graduated from
medical school within 5 years of completing the
survey, and 44.3% had formal graduate training
in health research methodology (Table 1).

Understanding of statistical formats
Risk difference proved to be the best understood
statistical format for presenting continuous out-

Table 1: Characteristics of 531 clinicians who participated in the survey comes from meta-analyses (correct response
given by 40.0%); however, correct responses
o No. (%) were submitted by less than 50% for each of the
e o St EE 6 formats (Figure 1). Relative risk (34.9%) and
Sex ratio of means (33.0%) were similarly understood,
Female 302 (56.9) followed by SMD (29.6%). Minimal important
difference units and mean difference in natural
Male 228 (42.9) units were the least well understood formats.
Not specified 1 (0.2 The %2 test showed a significantly higher level of
Country understanding for dichotomous approaches (37.3%
Camech 179 (33.7) correct) than for continuous approaches (24.9%
Chile 27 (5.1) correct) (p < 0.001). When we explored presenta-
: tion approach and used risk difference (the best
filand SR O understood approach) as the reference category,
Lebanon 26 (4.9) we found that respondents were less likely to
Norway 27 (5.1) understand the continuous approaches: SMD (p =
Spain 129 (24.3) 0.002), MID units (p < 0.001), mean difference in
switzerland 23 43) natural units (p < 0.001) and ratio of means
United States 63 (11.9) (P <0.03).
Specialty Perceived usefulness of formats
Internal medicine 259 (48.8) Respondents found continuous outcomes that
Family medicine 225 (42.4) were dichotomized (i.e., risk difference and rel-
Other 47 (88) ative risk) as moderately useful for clinical
decision-making; mean difference in natural
Professional status units and ratio of means still somewhat useful;
Resident 343 (64.6) and MID units and SMD of limited use (Figure
Attending/staff 110 (20.7) 2). A paired-samples ¢ test showed a signifi-
Clinical fellow 20 (3.8) c?mtly higher level of perceived usefulness for
Medical student 19 G.6) dichotomous approaches compared with cont.m—
uous approaches (p < 0.001). When exploring
Other 39 (73) presentation approach and using risk difference
Year of graduation or expected graduation (the most useful approach) as the reference cat-
from medical school egory, participants were less likely to perceive
Before 1990 50 (9.4) each of the remaining approaches as useful (all
1990-1999 41 (7.7) comparison p values < 0.002).
2000-2009 o EE Factors associated with understanding
2010 or later i) (EEh statistical formats
Not specified 6 (1.1 We found no significant association between
Training in health research methodology country, clinical experience or level of graduate
Never completed a formal course 293 (55.2) training in ‘health research methodF)Ing and the
Completed formal courses, but no masters 219 (41.2) understanding of any of the 6 statistical formats
or doctorate in health research methodology P >.0’2 for eaCh_)~_ReSp0ndems whose SPCC@]ty
Has masters or doctorate in health research 16 (3.0 was 1ntemal medicine had a better understandlpg
methodology of the.Varlou.s preseptgﬂon formats compared with
Not specified 3 (06) thgse in family medicine (33% v. 25%, p = O.QOA.I)
(Figure 3). We also conducted a post hoc logistic
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regression analysis with understanding as the
dependent variable and included the following
interaction terms: country and clinical experience;
country and training in health research methodol-
ogy; country and specialty. None of the interac-
tions were statistically significant (data not shown).
The order in which the statistical formats were
presented did not affect the clinicians’ accuracy
of understanding. Aside from relative risk, the re-
spondents randomly assigned to the group shown
a small treatment effect consistently had more
correct responses than those allocated to the
group shown a large treatment effect, and the dif-
ference was statistically significant (p < 0.01)
(Appendix 5, available at www.cmaj.ca/lookup/
suppl/doi: 10.1503/cma;j.150430/-/DC1).

Factors associated with perceived
usefulness

With Canadian clinicians as the reference cate-
gory, we found that respondents from the US and
Spain reported a lower perceived usefulness of all
presentation formats (p < 0.007), whereas those
from Chile reported higher usefulness (p = 0.001).
Compared with respondents who had no training
in research methodology, those with some train-
ing or a graduate degree in research methodology
reported higher ratings of usefulness (p < 0.001).
Compared with respondents in family medicine,
those in internal medicine reported higher per-
ceived usefulness (p < 0.001). Clinical experience
was not a significant factor (Appendix 6, available
at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.
150430/-/DC1).

The order in which the statistical formats
were presented did not affect perceived useful-
ness except for SMD (p < 0.04) (data not
shown). Clinicians randomly assigned to the
group shown a large treatment effect perceived
SMD and ratio of means to be more useful than
the remaining formats (p < 0.02) (Appendix 7,
available at www.cmaj.ca/lookup/suppl/doi:
10.1503/cmaj.150430/-/DC1).

Interpretation

Respondents understood magnitude of effect best
when presented as a risk difference; relative risk
and ratio of means were the next best understood
formats, although no approach was well under-
stood. Respondents found the dichotomous pre-
sentations of continuous outcomes (relative risk
and risk difference) more useful than the continu-
ous approaches. Of the continuous presentation
methods, mean difference in natural units was
perceived to be the most useful. This was fol-
lowed by ratio of means, which was found to be
the most useful of the continuous methods

required when results among trials are reported in
different units (which precludes the use of mean
difference), followed by minimal important dif-
ference units. The method perceived to be the
least useful of all 6 formats was SMD, although
no approach was perceived as very useful.

Each statistical format was accompanied by 4
response options, so by chance alone, respon-
dents should provide the correct answer 25% of
the time. Responses for mean difference in natu-
ral units and minimal important difference units
were below what would be expected by chance
(19%). Although respondents performed above
chance for the dichotomous formats (35% chose
the correct response for relative risk and 40% for
risk difference), no format was well understood
by the respondents.

Risk difference

Relative risk

Ratio of means

SMD

MID units E’—
Mean difference EI—

—
—
—
—

0 10 20 30

40

Correct understanding, %

50

60

Figure 1: Respondents’ understanding of the magnitude of the treatment
effect for each of 6 statistical formats used to present continuous outcomes
from meta-analyses. Higher percentages represent greater understanding;
error bars = 95% confidence intervals. Mean difference = mean difference in
natural units, MID = minimal important difference, SMD = standardized mean

difference.

Risk difference

_|_

Relative risk

Mean difference —|—

Ratio of means —|—

MID unit J

SMD 4

1 2 3 4

5

Perceived usefulness

Figure 2: Perceived usefulness of each statistical format for clinical decision-
making. Higher scores represent higher perceived usefulness; error bars = 95%
confidence intervals. Mean difference = mean difference in natural units, MID =
minimal important difference, SMD = standardized mean difference.
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Earlier studies have shown that doctors have
limitations in their understanding of statistics.?
Many studies have shown that clinicians pre-
sented with relative effects, rather than the corre-
sponding absolute effects, will perceive the effects
as larger and will be more inclined to recommend
treatments.?!?> Studies have not previously
addressed the questions of accuracy and useful-
ness that we investigated.

Strengths and limitations

Strengths of our study include a comprehensive
choice of presentation approaches based on prior
methodologic work.>!*!® Participation by 531
clinicians recruited from 11 academic and non-
academic centres in 8 countries enhances the
generalizability of our findings and allowed us to
compare differences across countries, clinical
experience and level of graduate training in
health research methodology. We also surveyed
both internal medicine and family medicine cli-
nicians, which allowed us to compare across
these specialties. Rather than conducting an
online survey that would likely have resulted in
low response rates,'®!” we chose to canvas staff
and trainees in person at the beginning of regu-
larly scheduled educational or grand rounds,

which achieved a response rate of 87%. Finally,
we were able to prove our a priori hypotheses:
dichotomous measures would be best understood
and perceived as most useful.

Our study has limitations. We presented clini-
cians with only one clinical scenario, chronic
pain. Generalizing our findings to other continu-
ous outcomes is therefore open to question.
Chronic pain is, however, a common condition
familiar to both family medicine and internal
medicine staff and trainees and to many other
specialties (e.g., anesthesiologists, pediatricians,
obstetricians, oncologists, general surgeons and
orthopedic surgeons). Generalizability to com-
munity-based settings may be limited because we
conducted our study primarily within academic
medical centres.

What constitutes a small and large effect for
the 6 measures we chose is a matter of judgment.
To the extent that our choices are open for
debate, one could argue that alternative answers
may have been correct. This possibility gains cre-
dence in that, for 5 of the 6 presentations of
effect, respondents understood small treatment
effects better than large ones. This suggests we
may have been too conservative in choosing our
large treatment effects. To the extent that alterna-

Factor

Odds ratio (95% CI)

Country (v. Canada)
Switzerland
Finland
Lebanon
United States
Chile
Spain
Norway

0.73 (0.46-1.14)
0.78 (0.57-1.08)
0.81 (0.55-1.21)
0.84 (0.63-1.12)
0.87 (0.57-1.33)
0.92 (0.73-1.17)
1.03 (0.69-1.54)

Specialty (v. internal medicine)

Family medicine

0.74 (0.61-0.91)

Training in health research methodology (v. none)

Some training

Masters or doctorate

0.93 (0.77-1.12)
1.18 (0.74-1.90)

Clinical experience (v. < 10 yr)

>10yr

0.93 (0.75-1.16)

Presentation format (v. risk difference)

SMD

MID units

Mean difference
Ratio of means
Relative risk

0.65 (0.49-0.86)
0.34 (0.25-0.47)
0.33 (0.24-0.45)
0.72 (0.55-0.94)
0.79 (0.61-1.04)

<— Worse
understanding

Better —>
understanding

:

i

Ly

.500 1.000 1.500 2.000

Odds ratio (95% Cl)

.000

Figure 3: Factors associated with respondents’ understanding of the statistical formats. An odds ratio below 1.0 indicates a worse
understanding than the reference category. Cl = confidence interval, mean difference = mean difference in natural units, MID = minimal
important difference, SMD = standardized mean difference.
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tive answers may have been correct (e.g., moder-
ate rather than large for effects we designated as
large), our results may underestimate clinicians’
understanding.

Implications for practice and research
Every day, clinicians and patients discuss trade-
offs between alternative management strategies.
Optimal shared decision-making requires that
clinicians communicate the magnitude of bene-
fits and harms: at the very least, they must help
patients understand whether the effects are large
or small. This is true for all patient-important
outcomes, including those measured as continu-
ous variables such as pain and quality of life.
Clinicians must therefore be trained to under-
stand the magnitude of effect, and researchers
must help clinicians by presenting results in an
optimally interpretable way.*!°

On the basis of experience with teaching evi-
dence-based medicine to clinicians, our a priori
hypothesis was that dichotomous measures with
which clinicians are most familiar would be best
understood and perceived as most useful. More-
over, there is a large body of research on how to
make these measures best understood by pa-
tients.?!* Research involving both clinicians and
patients has shown that, of the binary presentation
measures, risk difference is most useful for clini-
cal decision-making.”* Our results are consistent
with this observation and suggest that researchers
presenting results using continuous outcomes with
which clinicians may not be familiar should also
present absolute effects, and likely relative effects
as well. The methodology for transforming con-
tinuous outcomes and presenting them as dichoto-
mous outcomes is well established.”!!16

Troubling, however, was the low rate of correct
responses in our study, even for the dichotomous
presentations. Even if one considers the underesti-
mation of clinicians’ understanding because of the
debatable categorization of large and small effects,
our results suggest important limitations in under-
standing. The results therefore highlight the need
for enhanced education in interpreting treatment
effects in both undergraduate and postgraduate
medical programs.

Conclusion

None of the presentation formats was well under-
stood by the respondents or perceived as
extremely useful in clinical decision-making. Cli-
nicians best understood the dichotomous presen-
tation of continuous outcomes (relative risk and
risk difference) and perceived these formats to be
the most useful. We found that the presentation
of results of continuous outcomes as an SMD, the
longest standing and most widely used statistical

approach, was poorly understood and perceived
as the least useful format. Further initiatives that
guide clinicians to better grasp the magnitude of
treatment effects are needed.
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