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Abstract

Presenting continuous outcomes in Summary of Findings tables presents particular challenges to interpretation. When each study
uses the same outcome measure, and the units of that measure are intuitively interpretable (e.g., duration of hospitalization, duration
of symptoms), presenting differences in means is usually desirable. When the natural units of the outcome measure are not easily in-
terpretable, choosing a threshold to create a binary outcome and presenting relative and absolute effects become a more attractive
alternative.

When studies use different measures of the same construct, calculating summary measures requires converting to the same units of
measurement for each study. The longest standing and most widely used approach is to divide the difference in means in each study by its
standard deviation and present pooled results in standard deviation units (standardized mean difference). Disadvantages of this approach
include vulnerability to varying degrees of heterogeneity in the underlying populations and difficulties in interpretation. Alternatives in-
clude presenting results in the units of the most popular or interpretable measure, converting to dichotomous measures and presenting
relative and absolute effects, presenting the ratio of the means of intervention and control groups, and presenting the results in minimally
important difference units. We outline the merits and limitations of each alternative and provide guidance for meta-analysts and guideline
developers. © 2013 Elsevier Inc. All rights reserved.
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1. Introduction

The first 12 articles in this series introduced the Grading
of Recommendations Assessment, Development, and Eval-
uation (GRADE) approach to systematic reviews and
guideline development [1], discussed the framing of the
question [2], presented GRADE’s concept of quality of ev-
idence and how to apply it [3—9] presented GRADESs ap-
proach to resource use considerations [10], described how
to make overall ratings of confidence [11], and discussed
Summary of Findings (SoF) tables presenting the results
of binary outcomes [12]. In this thirteenth article, we ad-
dress issues specific to SoF tables that report results of con-
tinuous outcomes.

Our recommendations will differ according to whether

1. investigators have all used the same measure that is
familiar to the target audiences

2. investigators have all used the same or very similar
measures that are less familiar to the target audiences

3. investigators have used different measures

2. Options when investigators have all used the same
measure that is familiar to the target audiences

In the simplest situation, authors of primary studies have
all used the same measure of the continuous outcome of

Table 1. Examples of mean differences in easily understood units?

interest, and the target audiences will easily interpret that
outcome. This is likely to be true, for instance, of durations
of events, such as hospitalization or symptoms for condi-
tions such as sore throat, otitis media, or influenza. For such
outcomes, the SoF table should include a weighted differ-
ence of means.

Table 1 presents examples of such outcomes from
systematic reviews in SoF format. Each of these is easily
understood and has a straightforward interpretation. For
instance, supportive employment led to an increase in days
of competitive employment of approximately 46 days with
a confidence interval (CI) that many would consider narrow
those interested in an increase of 46 days would probably
be interested in an increase of 35. This modest effect
may be important to the target population.

In the second example in Table 1, approximately 10
fewer hours of diarrhea—that is, using the range of control
group means, a reduction of from 59 to 49 or 170 to 160—
may be important to some parents and children and not to
others. Ideally, empirical research would have established
peoples’ attitude toward relatively small decreases in the
duration of diarrhea. One way of interpreting the findings
of such research would be in terms of a minimally impor-
tant difference (MID) [13—15], the smallest reduction in di-
arrhea that people would consider important.

Our attitude toward zinc treatment might change de-
pending on whether the effect is less than 1 hour or greater

Patients, interventions,
comparators

Participants (studies),
follow-up

Quality of the evidence
(GRADE)

Intervention vs. comparator

Comparator mean difference (95% Cl)

Schizophrenia® 00

Supportive employment

843 participants (five
studies)

Moderate because of risk

45.9 d (95% Cl: 34.7,
57.1) longer in

32.3 d of competitive
employment

vs. other vocational 12—24 mo (mean = of bias (suspicion of competitive
approaches 19 mo) of follow-up selective reporting bias) employment

Children with acute 4,242 participants CXCXSEO) The mean diarrhea 9.60 (95% Cl: 18.25,
diarrhea® (13 studies) Moderate because of duration (hr) ranged 0.96) fewer hours of

Zinc inconsistency across control groups diarrhea

vs. placebo from 59 to 170 hr

Common cold® 214 participants (two ®e00

7.33d 0.23 (95% Cl: 1.75 fewer
to 1.29 more) fewer days
of cold symptoms

NSAIDs studies) Low because of
vs. no NSAIDs imprecision and

heterogeneity
Surgery® 2,963 participants (four SXNCN@)

Supplemental studies)
perioperative oxygen
vs. routine oxygen

administration

Moderate because of
imprecision

The mean hospital stay 0.86 d (95% Cl: —0.29,
(d) across control 2.00) longer hospital
groups ranged from 6.4 stay
to 11.9d

Abbreviations: Cl, confidence interval; NSAID, nonsteroidal anti-inflammatory drugs.
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¢ Lazzerini M, Ronfani L. Oral zinc for treating diarrhoea in children. Cochrane Database Syst Rev 2008, Issue 3. Art. No.: CD005436. DOI:
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4 Garcia-Alamina J BScN, Devereaux PJ MD PhD, Sessler D MD, Leslie K MBBS, MD, M Epi, Perera R MSc PhD, Alonso-Coello P MD PhD.
Supplemented perioperative oxygen to reduce the incidence of surgical site infection: systematic review and meta-analysis of randomized con-

trolled trials (submitted).
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Key points

e Summary of Findings tables provide succinct pre-
sentations of evidence quality and magnitude of
effects.

e Summarizing the findings of continuous outcomes
presents special challenges to interpretation that
become daunting when individual trials use differ-
ent measures for the same construct.

e The most commonly used approach to providing
pooled estimates for different measures, presenting
results in standard deviation units, has limitations
related to both statistical properties and
interpretability.

e Potentially preferable alternatives include present-
ing results in the natural units of the most popular
measure, transforming into a binary outcome and
presenting relative and absolute effects, presenting
the ratio of the means of intervention and control
groups, and presenting results in preestablished
minimally important difference units.

than 18 hours (the 95% CI limits) and the relation of those
limits to the MID. If so, rating down confidence in effect
estimates for imprecision as well as inconsistency—for
which the authors decreased their confidence—may be ap-
propriate. A similar logic applies to the other examples in
Table 1, although it suffers from a limitation we will raise
subsequently: a mean difference less than the MID may still
be consistent with a substantial proportion of participants
experiencing an important benefit.

3. Options when investigators have all used the same
or very similar measures that are less familiar to the
target audiences

Transparency becomes more challenging when clini-
cians and patients are unfamiliar with the units of the
outcome measure. For instance, Table 2 presents data de-
rived from a systematic review addressing the impact of
compression stockings for people taking long flights [16].
Outcomes include the presence of edema. Because each
study used the same measurement tool for assessing edema,
it is possible to make the pooled difference between the
groups (the “weighted mean difference’’) of 4.7 units more
interpretable by noting that edema is measured on a scale of
0 (no edema) to 10 (maximum edema). Intuitively, on such
a scale, 4.7 units represent a large difference.

Sometimes, the meaning of changes in score becomes
even more obscure. This is often true, for instance, of mea-
sures of health-related quality of life (HRQL). In these sit-
uations, the MID—in this case, the smallest change in

Table 2. Summary of Findings: compression stockings compared with no compression stockings for people taking long flights

Absolute risks (95% Cl)

Corresponding risk

Estimated risk

Quality of the evidence

Number of
participants (studies)

Relative effect,

With stockings

Comments

(GRADE)

oe® O

OR (95% CI)
0.10 (0.04, 0.25)

(95% ClI)

Without stockings

Outcomes

2,637 (nine studies)

Low-risk population
5 per 10,000

Symptomatic deep vein

Moderate because of

0.5 per 10,000 (0—1.25)

thrombosis: inferred
from surrogate,

indirectness [4]

High-risk population
18 per 10,000

1.8 per 10,000 (1-8)

symptomless deep vein

thrombosis

ee OO0

1,246 (six studies)

The mean edema score in

The mean edema score

Edema: post-flight values

Low [4] because of risk

the intervention groups
was on average —4.72

ranged across control

measured on a scale from
0 (no edema) to 10
(maximum edema)

of bias (unblinded,

groups from 6.4 to 8.9

unvalidated measure)

lower (95% Cl: —4.91,

—4.52)

The tolerability of the

1,182 (four studies) See comment

Not estimable

See comment

See comment

Adverse effects

stockings was described as

very good with no

complaints of side effects

in four studies [5]

Abbreviations: Cl, confidence interval; OR, odds ratio.
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176 G.H. Guyatt et al. / Journal of Clinical Epidemiology 66 (2013) 173—183

HRQL score that patients would consider important—may
be very helpful [14]. For instance, in a measure of chronic
lung disease in which possible scores in HRQL range from
1 to 7, 0.5 represents the MID [15]. When they have access
to such information, authors should include it in the SoF ta-
ble or evidence profile.

It may be preferable, if data from individual studies per-
mit, to set a threshold and present results as a dichotomy.
For instance, studies of the impact of thrombolytic therapy
after stroke used the Rankin instrument that classifies pa-
tients into one of six categories of disability from no symp-
toms to severe handicap. Authors of a systematic review
evaluating the impact of thrombolytic therapy on inpatients
with stroke dichotomized the Rankin instrument, creating
a “bad outcome” category of those dead or moderately
or severely disabled by Rankin criteria [17].

The reviewers found that thrombolytic therapy signifi-
cantly reduced the proportion of patients who were dead
or dependent at the end of follow-up (odds ratio [OR],
0.84; 95% CI: 0.75, 0.95). Making this fully interpretable
requires the corresponding absolute reduction. Given the
control group risk of approximately 60%, the OR of 0.84
corresponds to a reduction in the risk of death or depen-
dency of more than 4% (number needed to treat [NNT],
25). In such instances, it is likely to be helpful enlisting cli-
nician users of the instrument to help in choosing the
threshold for the dichotomy.

In another example of this approach, a review addressing
the impact of flavonoids on symptoms in patients with hem-
orrhoids [18], trials did not use the same symptom
measures. All but one, however, recorded the proportions
of patients free from symptoms, with symptom improve-
ment (both classified, by authors of the review as im-
proved), still symptomatic, or worse (both classified as
not improved). In the primary analysis, the authors pooled
on the a priori expectation of a similar magnitude and di-
rection of treatment effect across studies. They reported
a relative risk of 0.42—that is, a 58% relative risk
reduction—in the adverse outcome of failure to achieve
symptomatic improvement (95% CI: 0.28, 0.61).

Although applicable to any ordinal scales, whatever their
length, one possible limitation of this approach is its appar-
ent susceptibility to bias: if more than one threshold is rea-
sonable, it is possible for reviewers to choose a threshold
that provides the most (or the least) optimistic estimate of
treatment effect. However, at least in some circumstances
[19]—and perhaps in most [20]—choice of threshold
makes little difference in apparent magnitude of relative ef-
fect. Even so, the choice of threshold may influence the
level of statistical significance. Reviewers should therefore
choose and justify their threshold, provide results for all
reasonable thresholds, or both. Preferably, such a threshold
approach should be introduced at the protocol stage to re-
duce the risk of biased selection of a threshold.

In deciding whether to dichotomize the outcome, review
authors should also consider possible loss of statistical

power [21]. This will be a particular concern if a result that
reaches the conventional threshold for statistical signifi-
cance as a continuous variable loses significance when con-
verted to a dichotomy. You (and more importantly, patients
and their families) may be primarily interested in whether
patients have crossed a meaningful threshold. For example,
you may believe that there is an important dividing line
between depressed and nondepressed and whether patients
have crossed that line is your question of interest. In these
circumstances, a loss of power or statistical significance
from converting a continuous outcome to a dichotomous
outcome accurately reflects uncertainty about the proportion
of people who would cross that dividing line.

If, on the other hand, your use of dichotomization is sim-
ply to enhance interpretability, one option for dealing with
this situation is to report the statistical significance of the
result when analyzed as a continuous variable and present
the estimate of relative or absolute effect from the dichot-
omy only as an aid to the interpretation of the magnitude
of the effect.

4. Options when investigators have used different
measures

Reviewers face further challenges when studies measure
the same concept but use different measurement instru-
ments. For instance, one set of trials may have measured
depression using the Beck Depression Inventory-1I [22],
and another set may have used the Hamilton Rating Scale
for Depression [23]. Under these circumstances, providing
pooled estimates of effect and making results interpretable
mandates use of one of five available approaches. Table 3
summarizes the merits of each approach and our associated
recommendations. We refer readers interested in an in-
depth examination, including details of the derivation and
statistical properties, to a separate article [24].

Tables 4 and 5 illustrate the application of the ap-
proaches to two examples: dexamethasone for pain in
patients undergoing laparoscopic cholecystectomy [25]
(Table 4) and respiratory rehabilitation for chronic obstruc-
tive pulmonary disease [26] (Table 5).

4.1. Standard deviation units: standardized mean
difference

One way of generating a pooled estimate when trials
have measured the same construct with different instru-
ments is to divide the difference between the intervention
and control means (i.e., the difference in means) in each
trial by the estimated between-person standard deviation
(SD) (row (A) in Tables 4 and 5) [27]. This measure is often
referred to as the standardized mean difference (SMD) or
Cohen effect size.

Presenting results in SD units (as an SMD) is the longest
standing and most widely used approach and is recommen-
ded in the Cochrane Handbook [27]. Calculating and



Table 3. Five approaches to presenting results of continuous variables when primary studies have used different instruments to measure the same construct

Recommendation

Disadvantages

Advantages

Approach

Do not use as the only approach

Interpretation challenging

Widely used

SD units (standardized

Can be misleading depending on whether population is very

mean difference;

effect size)

homogenous or heterogeneous

Approaches to conversion to natural units include those

Few instruments sufficiently used in clinical practice to

May be viewed as closer to primary data

Present as natural units

based on SD units and rescaling approaches. We suggest

the latter. In rare situations when instrument very

make units easily interpretable

familiar to frontline clinicians, seriously consider this

presentation

If the MID is known, use this strategy in preference to

Involve assumptions that may be questionable (particularly

Very familiar to clinical audiences and thus

Relative and absolute

relying on SD units
Always seriously consider this option

methods based on SD units)

facilitate understanding
Can apply GRADE guidance for large and very

effects

G.H. Guyatt et al. / Journal of Clinical Epidemiology 66 (2013) 173—183 177

large effects

Consider as complementing other approaches, particularly

Cannot be applied when measure is change and therefore

May be easily interpretable to clinical audiences

Ratio of means

the presentation of relative and absolute effects

negative values possible
Interpretation requires knowledge and interpretation of

Involves fewer questionable assumptions than

some other approaches
Can apply GRADE guidance for large and very

control group mean

large effects

Consider as complementing other approaches, particularly

Only applicable when MID is known

May be easily interpretable to audiences

MID units

the presentation of relative and absolute effects

To the extent that MID is uncertain, this approach will be

Not vulnerable to population heterogeneity

less attractive

Abbreviations: SD, standard deviation; MID, minimally important difference.

presenting results in SD units has, however, major limita-
tions. First, clinicians and their patients are unlikely to be
able to relate to this way of presenting results [28]. Second,
if the variability or heterogeneity in the severity of patients’
condition (and thus the variability in scores on the chosen
outcome) varies between trials, the SDs will also vary. As
a result, trials that enroll heterogeneous groups of patients
will yield smaller SMDs than those enrolling less heteroge-
neous patients, even if the actual (not standardized) mean
difference estimates—and thus the absolute estimate of
the magnitude of treatment effect—is similar across all tri-
als. Finally, as one example we will present demonstrates, if
very homogenous populations are enrolled, SD units can
give a misleading inflated impression of the magnitude of
treatment effect.

In both Tables 4 and 5, the presentations in SD units sug-
gest a large treatment effect. The structure of the SoF table,
however, is not well suited to this presentation. If authors use
the SMD, it is not sensible to present absolute values in the
intervention and comparison groups because studies have
used different measurement instruments with different units.
One approach to this dilemma, presented in Tables 4 and 5,
is to present the SMD in place of the two columns usually
devoted to absolute rates. An alternative is to present the me-
dian value from the studies that used the most familiar mea-
sure of the concept in the control group column and the
SMD in the intervention group column. To aid interpretabil-
ity of a metric unfamiliar to clinicians or patients, a comment
provides a rule-of-thumb guide to the significance of various
effect sizes [29] (row (A) in Tables 4 and 5).

4.2. Conversion into units of the most commonly used
instrument

A second approach (row (B) in Tables 4 and 5) converts
the effect size back into the natural units of the outcome
measure most familiar to the target audiences. There are
two statistical approaches to making the conversion. One
(illustrated in Table 4) calculates the absolute difference
in means by multiplying the SMD by an estimate of the
SD associated with the most familiar instrument.

To make this calculation, one needs to choose an SD to use.
From each study, one can calculate a weighted average of the
control and intervention SDs (either change or posttest); we
suggest using the median of these SDs. There are also options
for estimating the CI around the mean in natural units that we
describe in our more statistically detailed article [24].

In this case, the chosen measure is a 100-unit visual an-
alog scale, and the magnitude of effect is 8.1. This result
would be of limited use without knowledge of the MID,
and thus the comment includes the estimated MID (10 units
[30]), suggesting a modest effect (row (B) in Table 4).

The other statistical approach (presented in Table 5)
makes a simple conversion—before pooling and without cal-
culating the SMD—of other instruments to the units of the
most familiar instrument [24]. In this case, we chose the



Table 4. Application of approaches to dexamethasone for pain after laparoscopic cholecystectomy example

Absolute reduction in risk or Number of  Confidence
Estimated risk or estimated score/value reduction in score/value with Relative effect participants  in effect
Outcomes with placebo dexamethasone (95% Cl) (studies) estimate® Comments
(A) Postoperative pain, SD The pain score in the dexamethasone groups was on average 0.79 SDs . 539 (5) @® OO Asa rule of thumb, 0.2 SD
units: investigators (1.41-0.17) lower than in the placebo groups Low represents a small
measured pain using difference, 0.5 a moderate,
different instruments. and 0.8 a large
Lower scores mean less
pain
(B) Postoperative pain, The mean postoperative pain scores  The mean pain score in the — 539(5) @8O0 Scores estimated based on an
natural units: measured on with placebo ranged from 43 to 54 intervention groups was on Low® SMD of 0.79 (95% Cl:
a scale from O (no pain) to average 8.1 (1.8—14.5) lower -1.41, -0.17)
100 (worst pain The minimally important
imaginable) difference on the 0—100
pain scale is
approximately 10
(C) Substantial postoperative 20 per 100¢ More patients in dexamethasone RR =0.25 (95% 539 (5) ®® OO Scores estimated based on an
pain: investigators group achieved important Cl: 0.05, 0.75) Low SMD of 0.79 (95% Cl:
measured pain using improvement in pain score 0.15 -1.41, -0.17)
different instruments (95% Cl: 0.19, 0.04) Method assumes that
distributions in
intervention and control
groups are normally
distributed and variances
are similar
(D) Postoperative pain: 28.1°¢ 3.7 lower pain score (6.1 lower Ratio of means =0.87 539 (5) ®® OO0 Weighted average of the
investigators measured 0.6 lower) (0.78-0.98) Low mean pain score in
pain using different dexamethasone group
instruments. Lower scores divided by mean pain score
mean less pain in placebo
(E) Postoperative pain: The pain score in the dexamethasone groups was on average 0.40 — 539 (5) @®@®OOP° An effect less than half the
investigators measured (95% Cl: 0.74, 0.07) minimally important difference units less than in the Low minimally important

pain using different
instruments

control group

difference suggests a small
or very small effect

Abbreviations: Cl, confidence interval; SD, standard deviation; SMD, standardized mean difference.
@ Quality rated from 1 (very low quality) to 4 (high quality).

Evidence limited by heterogeneity between studies.

Evidence limited by imprecise data (small sample size or event rate).

The 20% comes from the proportion in the control group requiring rescue analgesia.

o

[
d
e

Crude (arithmetic) means of the postoperative pain mean responses across all five trials when transformed to a 100-point scale.

8LI
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Table 5. Application of approaches to chronic respiratory rehabilitation for health-related quality-of-life impairment in patients with chronic airflow limitation

Absolute increase in

Estimated baseline score/ proportion improving in
proportion improving in control  patients receiving respiratory Relative effect Number of Confidence in effect
Outcomes patients rehabilitation (95% CI) participants (studies) estimate® Comments
(A) HRQL: investigators The HRQL score in the respiratory rehabilitation group — 818 (16) SRR N As a rule of thumb, 0.2 SD
measured HRQL using improved on average 0.72 (95% ClI: 0.48, 0.96) SDs more in High represents a small
different instruments. the respiratory rehabilitation patients than in the control difference, 0.5 a moderate,
Higher scores mean patients and 0.8 a large
better HRQL
(B) HRQL measured on Control group baseline, 4.5  HRQL improved on average — 818 (16) SRR N ) Calculated by transforming
a scale of 1-7 Average improvement in 0.71 (95% CI: 0.48, 0.94) High all scores to the CRQ in
control, 0.04 more in the respiratory which the minimally
rehabilitation patients than important difference is 0.5

in the control patients

(C) Proportion of patients 0.30" Differences in proportion OR = 3.36 (95% Cl: 818 (16) DODD Calculation uses established
with important achieving important 2.31, 4.86) High minimally important
improvement in HRQL improvement 0.31 (95% Cl: difference of 0.5 units on

0.22, 0.40) in favor of the CRQ and 4 units on the
rehabilitation St. George's Respiratory

Questionnaire

(D) The currently recommended approach to ratio of means relies on posttest only and is therefore not applicable to change scores, which are the focus of results from these trials

(E) HRQL measured in HRQL improved on average 1.75 (95% Cl: 1.37, 2.13) — 818 (16) YY) An effect of close to two
minimally important minimally important difference units more in the respiratory High times the minimally
difference units rehabilitation than in the control group important difference

suggests a moderate to
large effect

Abbreviations: Cl, confidence interval; HRQL, health-related quality of life; SD, standard deviation; CRQ, Chronic Respiratory Questionnaire; OR, odds ratio.

@ Approximate average of baseline control group scores in the studies that reported the baseline score.

® This represents the median of the proportion of patients in the control group who achieved an improvement greater than the minimally important difference. That is, in the study at the center
of the distribution of change, 30% of the control group achieved an improvement of more than 0.5 (CRQ) or 4 (St. George's).

€81—EL1 (£102) 99 &8ojonuapidy o) Jo puinof /v 12 pdno "['H
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Chronic Respiratory Questionnaire (CRQ), with units of
1—7, and rescaled the mean and SD of the other instruments
to CRQ units. Given the MID of the CRQ (0.5 [15], presented
in comments), the mean difference in change of 0.71 sug-
gests a substantial effect of rehabilitation.

This second approach, presenting in units of the most fa-
miliar instrument, may be the most desirable when the target
audiences have extensive experience with that instrument,
particularly if the MID is well established [13]. Neverthe-
less, the natural unit presentation may, in relation to the
MID, still be misleading. For instance, had the difference be-
tween rehabilitation and control been 0.4 on the 7-point scale
in which 0.5 represents the MID, clinicians are at risk of in-
terpreting the result as indicating that no one benefits, and
the treatment is not worth administering. This is almost cer-
tainly an inaccurate interpretation as conversion into an ab-
solute difference and NNT would demonstrate [31]. For
instance, in one study, a mean difference of 0.43 units in
the CRQ translated into a proportion benefiting of 34%
and thus an NNT of approximately 3 [31].

4.3. Conversion to relative and absolute effects

A third approach (row (C) in Tables 4 and 5) converts
the continuous measure into a dichotomy and thus allows
calculation of relative and absolute effects on a binary
scale. One method to generate a dichotomy from continu-
ous data relies on the SMD and assumes that results of both
treatment and control groups are normally distributed and
have equal variances [20,32]. Meta-analysts usually make
these assumptions when they calculate SMDs. We have
used this approach in row (C) in Table 4, and it suggests
a very large relative effect and a substantial absolute effect,
particularly when the baseline risk is high.

This approach has the advantage that it can be applied
easily by consulting Table 6, which provides the relation
between the SMD and the risk difference. In Table 6, the
top panel presents the conversion when the outcome is un-
desirable (e.g., pain) and the bottom panel when the out-
come is desirable (e.g., response to treatment).

Table 6. Risk difference derived from SMD?

The approach, however, suffers from three important
limitations. First, the dichotomous outcome that the inter-
vention is decreasing is often not self-evident from the con-
tinuous outcome from which it is derived. We obtain
a difference in the proportion of patients in intervention
and control groups above some threshold, but the choice
of that threshold may be arbitrary. In this example (row
(C) in Table 4), we have characterized the threshold as
“‘substantial postoperative pain.”

Second, the approach requires investigators to specify
the proportion of control patients with adverse outcomes—
in this case, the proportion above the pain threshold.
Choosing this proportion may also be difficult. For in-
stance, if one knows that control group pain scores varied
from 43 to 54, with SDs around 15, how is one to decide
the proportion of patients who failed to experience an im-
portant improvement with placebo? In this case, we have
used the proportion requiring rescue analgesia. The latter
problem is ameliorated to some extent because only at
the extremes of control proportions do the proportions
benefiting change substantially.

Third, the approach, by relying on the SMD, is vulnera-
ble to whether study populations had very similar scores on
the outcome of interest or whether scores were widely
variable.

Other statistical approaches also rely on the SMD to
generate dichotomous presentations for continuous out-
comes [33,34]. They share similar limitations, with the
exception that they do not require specification of con-
trol group risk, and one approach becomes unstable
when the underlying risk is less than 20% or greater
than 80% [34].

Another strategy for creating dichotomies and generat-
ing estimates of relative and absolute effect relies on
knowledge of the MID. In applying the approach, we as-
sume normal distributions of data and then calculate the
proportions of participants in the intervention and control
groups in each study that demonstrated an improvement
greater than the MID [24]. The results are then pooled
across studies. Applying this approach in Table 5, findings

0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9

For situations in which the event is undesirable, reduction (or increase if intervention harmful) in adverse events with the intervention

Control group response rate (SMD)

-0.2 —0.03 —0.05 —-0.07 —0.08 —0.08 —0.08 —0.07 —0.06 —0.040
-0.5 -0.06 -0.11 -0.15 -0.17 -0.19 -0.20 -0.20 -0.17 -0.12
-0.8 —0.08 —0.15 -0.21 —0.25 —0.29 -0.31 -0.31 —0.28 —-0.22
-1.0 -0.09 -0.17 -0.24 -0.23 -0.34 -0.37 -0.38 -0.36 -0.29
For situations in which the event is desirable, increase (or decrease if intervention harmful) in positive responses to the intervention

Control group response rate (SMD)

0.2 0.04 0.61 0.07 0.08 0.08 0.08 0.07 0.05 0.03
0.5 0.12 0.17 0.19 0.20 0.19 0.17 0.15 0.11 0.06
0.8 0.22 0.28 0.31 0.31 0.29 0.25 0.21 0.15 0.08
1.0 0.29 0.36 0.38 0.38 0.34 0.30 0.24 0.17 0.09

Abbreviation: SMD, standardized mean difference.
@ Approach from Furukawa [32].



G.H. Guyatt et al. / Journal of Clinical Epidemiology 66 (2013) 173—183 181

suggest substantial relative and absolute benefit in HRQL
as a result of respiratory rehabilitation.

If one only has posttest data (rather than magnitude of
change), one can apply this approach if evidence exists re-
garding meaningful thresholds. For instance, if one knows
that people with scores less than 8 on the Hamilton
Rating Scale for Depression (HAM-D) are considered to
be not depressed, one could examine the proportion of in-
dividuals below that threshold.

If such meaningful thresholds do not exist, one can still
use posttest data if one assumes that the minimally important
change within an individual corresponds, on average, to the
MID between individuals. Making this assumption, one can
calculate the difference in the proportion who benefit in in-
tervention and control. To do this, one takes the mean value
in the control group plus one MID unit and calculates the
proportion of patients in each group above that threshold.

4.4. Ratio of means

A fourth, thus far infrequently used, approach (row (D)
in Table 4) may appeal to clinicians: calculate a ratio of
means (RoM) between the intervention and control groups
[35]. Advantages of RoM include the ability to pool studies
with outcomes expressed in different units, avoiding the
vulnerability of heterogeneous populations that limits ap-
proaches that rely on SD units, and ease of clinical interpre-
tation. However, the published RoM method is designed for
posttest scores only and is therefore omitted from Table 5,
which presents changes from baseline.

It is possible to calculate a ratio of change scores if both
intervention and control groups change in the same direc-
tion in each relevant study, and this ratio may sometimes
be informative. Limitations include (1) the unlikelihood
of intervention and control group changes in the same di-
rection in all studies and (2) the possibility of misleading
results if the control group change is very small—in which
case, even a modest change in the intervention group will
yield a large and therefore misleading RoM changes.

In the dexamethasone for postoperative pain example
(Table 4), the RoM approach suggests a relative reduction
in pain of only 13%, meaning that those receiving steroids
have a pain severity of 87% as severe as those in the control
group, an effect that strikes us as modest.

4.5. MID units

A final strategy pools across studies in the same way as
the SMD, but instead of dividing the mean difference of
each study by its SD, it divides by the MID associated with
that outcome [36]. The final output, instead of being in SD
units, is in MID units. This approach avoids the problem of
varying SDs across studies that may distort estimates of ef-
fect in approaches that rely on the SMD. It may, in addition,
be more easily interpretable, although it risks the possibility
that a difference less than the MID may be interpreted as

trivial when a substantial proportion of patients have
achieved an important benefit. In addition, to the extent that
the MID estimate is not based on secure evidence, the ap-
proach becomes more questionable.

As stated in the comments column in Table 4, the result
for dexamethasone for pain is an effect less than half of one
MID, suggesting a small or very small effect. Table 5, in
contrast, shows an effect of close to two MID units, sug-
gesting a substantial benefit in HRQL as a result of respira-
tory rehabilitation.

5. Reflections on the interpretation of the five methods

The prior discussion makes evident that there is no ideal
method for making results of continuous variables inter-
pretable, particularly when studies have used different mea-
surement tools for the same construct (e.g., pain, physical
function, emotional function). Given the sometimes ques-
tionable assumptions that each approach makes, it would
be reassuring if the methods led to essentially the same
inferences. This is true for the respiratory rehabilitation ex-
ample: all approaches suggest a moderate to large absolute
effect of respiratory rehabilitation on HRQL.

This is not the case, however, for dexamethasone and
pain. Here, the SMD (A) and the relative and absolute effects
(C) suggest large benefit, whereas the other three approaches
suggest small or even trivial pain reduction. The explanation
for this is the homogeneity of patients enrolled with respect
to their pain, leading to a very small SD. That small SD then
suggests a large effect when expressed in SD units.

This limitation of the SD approach is highlighted by cal-
culation of relative and absolute effects using the MID ap-
proach to dichotomizing the data described above in the
respiratory rehabilitation example. Applying that approach
to the pain after cholecystectomy data results in very differ-
ent estimates of relative effect (relative risk [RR], 0.64; 95%
CI: 0.34, 1.17) and absolute effects (risk difference [RD],
0.03; 95% CI: 0.01, 0.07), contrasting with the large point
estimates and relatively narrow Cls around both relative
and absolute effects in row (C) in Table 4. This highlights
the vulnerability of methods that rely on SD units. This
vulnerability is reflected in our recommendations below.

6. Recommendations for enhancing interpretability in
meta-analyses in which primary studies use different
instruments to measure the same underlying construct

We have described five approaches to enhancing the in-
terpretability of continuous variables in meta-analyses in
which primary studies have used different instruments. Re-
view authors will have to tailor their approach to the indi-
vidual situation but may find the following guides helpful:

1. Using more than one presentation is likely to be both
informative and, if the clinical message is similar,
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reassuring. It can also reduce the risk of biased selec-
tion of which presentation to use when the messages
are different. If the messages are different, and it is
not clear which to believe, review authors could con-
sider rating down their confidence for inconsistency.
Tables 4 and 5 present a model for presenting more
than one approach within a single SoF table.

2. When one instrument is in use in regular clinical
practice and is familiar to most consumers of a sys-
tematic review or guideline, a presentation in natural
units of that instrument should be one of the options
chosen.

3. Comments should be geared to helping with interpre-
tation (e.g., rules of thumb for interpreting SMD and
stating the MID if established)

4. If possible, choose methods that do not rely on SD
units. If SD units are chosen, provide some guide
for interpretation. In approach (B), the rescaling op-
tion would be preferable to multiplying the effect in
SD units by the SD of the most popular instrument.
In approach (C), generating relative and absolute ef-
fects using the MID is, if it is available, preferable
to using any of the approaches that rely on units.

5. In most instances, one should seriously consider ex-
pressing the magnitude of effect as both an OR or rel-
ative risk as well as a risk difference. The advantages
include familiarity for clinicians and ability to apply
GRADE guidance for large and very large effects
(for relative effect) and usefulness for clinical deci-
sion making (for absolute effects) (Table 3). Because
presentation of relative effects alone may be mislead-
ing, in particular when relative effects are large but
absolute effects small, the summary should ensure
communication of the magnitude of absolute effect.

6. Reviewers should aim at transparency, citing the
source of MIDs and SDs used, and the underlying
assumptions.

7. Conclusion

Summarizing continuous variables in ways that are both
valid and interpretable is challenging. To achieve these
goals, systematic review authors and guideline developers
should carefully consider the approaches we have suggested.
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