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Abstract
Objective: To investigate whether it is valid to combine follow-up and change data when conducting meta-analyses of continuous
outcomes.

Study Design and Setting: Meta-epidemiological study of randomized controlled trials in patients with osteoarthritis of the knee/hip,
which assessed patient-reported pain. We calculated standardized mean differences (SMDs) based on follow-up and change data, and
pooled within-trial differences in SMDs. We also derived pooled SMDs indicating the largest treatment effect within a trial (optimistic
selection of SMDs) and derived pooled SMDs from the estimate indicating the smallest treatment effect within a trial (pessimistic selection
of SMDs).

Results: A total of 21 meta-analyses with 189 trials with 292 randomized comparisons in 41,256 patients were included. On average,
SMDs were 0.04 standard deviation units more beneficial when follow-up values were used (difference in SMDs: �0.04; 95% confidence
interval: �0.13, 0.06; P5 0.44). In 13 meta-analyses (62%), there was a relevant difference in clinical and/or significance level between
optimistic and pessimistic pooled SMDs.

Conclusion: On average, there is no relevant difference between follow-up and change data SMDs, and combining these estimates in
meta-analysis is generally valid. Decision on which type of data to use when both follow-up and change data are available should be pre-
specified in the meta-analysis protocol. � 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Many trialists use continuous variables, such as pain in-
tensity or depression severity scores, as clinical outcomes.
Variables can be assessed at baseline and follow-up, and es-
timated treatment effects can be derived either from
between-group differences in changes from baseline to
follow-up or from a simple comparison of values at
follow-up. Point estimates of treatment effects derived from
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these two approaches are identical if mean baseline values
of continuous variables are the same, but will differ if there
are baseline imbalances [1]. Standard deviations as mea-
sures of distribution of scores will be generally similar if
the average correlation between baseline and follow-up
values is approximately 0.5. If the correlation is higher than
0.5, then the standard deviations of change data will be
smaller; if the correlation is lower than 0.5, then the use
of change data will add variation and their standard devia-
tion will be larger than the standard deviation of follow-up
data [1]. Differences in point estimates and differences in
standard deviations will both affect the estimated standard-
ized mean difference (SMD), expressing differences in
point estimates in units of the pooled standard deviation.
Significance levels are derived from t-values, which in turn
are calculated from the observed difference in point
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What is new?

� On average, there is no relevant difference between
standardized mean differences (SMDs) derived
from follow-up and change data.

� The Cochrane Handbook currently advises against
combining SMDs derived from follow-up data and
SMDs derived from change data in a single meta-
analysis. The present study is the first to compare
these two types of SMDs.

� Our results suggest that it is generally valid to pool
SMDs derived from follow-up data and SMDs de-
rived from change data in a single meta-analysis.
This results in an increase of statistical precision
of pooled estimates and allows the examination
of potential sources of heterogeneity in the com-
plete set of trials.
estimates divided by its standard error. Therefore, they will
again be influenced by both baseline imbalances and corre-
lation of baseline and follow-up data.

Meta-analysts can use either type of data (follow-up or
change) to derive treatment effects from trials included in
pooled analyses. In a recent analysis of 10 protocols ran-
domly selected from the Cochrane Library, however, only
four protocols specified which one would be used for the
calculation of treatment effects [2]. The Cochrane Hand-
book does not specify which method is preferable, present-
ing the possibility of data-driven choice of type of data for
extraction source. Furthermore, the Cochrane Handbook
currently advises against combining the two types of data
in a single meta-analysis. If some studies provide only
follow-up data and others only change data, the Cochrane
Handbook guidance prevents use of all the data. This poten-
tially compromises statistical precision of pooled estimates
and prevents the examination of potential sources of hetero-
geneity in the complete set of trials. If, however, SMD es-
timates are on average similar in follow-up and change
data, power in the analysis will be gained, without introduc-
ing bias, by use of all the data.

In addition, the decision to analyze either follow-up or
change data may be post hoc and data driven, but the mag-
nitude of bias introduced in meta-analyses by the system-
atic extraction of data that indicates the largest treatment
effect (optimistic selection of SMDs) or, conversely, the
data that indicates the smallest treatment effect in each trial
(pessimistic selection of SMDs) is unclear. Using data from
a meta-epidemiological study of osteoarthritis trials [3e5],
we therefore compared SMDs, mean differences, standard
deviations, and significance levels of treatment effects of
meta-analyses and their component trials derived from
follow-up and change data and determined the extent of
bias introduced by optimistic or pessimistic post hoc selec-
tion of either type of data in meta-analyses.
2. Methods

2.1. Selection of meta-analyses and component trials

Details of the methods used in this meta-epidemiological
study are reported elsewhere [4]. We searched The Cochrane
Library, Medline, Embase, and CINAHL using database-
specific search strategies [4]. We included meta-analyses of
randomized or quasi-randomized trials in patients with oste-
oarthritis of the knee or hip, which assessed patient-reported
pain comparing any intervention with placebo, sham, or
a nonintervention control. Reports of all component trials
were obtained, without language restrictions. Two indepen-
dent reviewers screened the reports for eligibility in dupli-
cate. Disagreements were resolved by discussion.

2.2. Data extraction

The following data were extracted from trial reports,
namely type of intervention, funding, publication year, pub-
lication language, design, study size, blinding of patients,
losses to follow-up, exclusions, handling of missing data,
and treatment effects. We approximated the means and
measures of dispersion from figures whenever necessary.
For crossover trials, we extracted data only from the first
phase. The primary outcome was patient-reported pain as-
sociated with knee or hip osteoarthritis. If different pain as-
sessment instruments were reported, we used a hierarchy
previously described to decide which instrument to extract
[6]. If more than one time point was reported, we extracted
outcome data at 3 months after the end of treatment for po-
tentially structure-modifying agents and at 12 months after
the end of treatment for behavior-changing interventions.
For all other interventions, we extracted outcome data at
the end of the treatment. Definitions used for concealment
of allocation, blinding of patients, and completeness of data
analysis are provided elsewhere [4]. Two independent re-
viewers extracted data in duplicate. Disagreements were re-
solved by discussion.

2.3. Statistical analysis

We expressed the treatment effects as SMDs by dividing
the between-group difference in mean values by the pooled
standard deviation. The pooled standard deviation was cal-
culated as follows:
sdpooled5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
nexp � 1

�
sd2exp þ ðncon � 1Þsd2con
nexp þ ncon � 2

s

where sdexp and sdcon are standard deviations in experimen-
tal and control groups, and nexp and ncon are the number of
patients analyzed. For each trial, we estimated SMDs based
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on differences in changes from baseline to follow-up and
SMDs based on differences in values at follow-up. Negative
SMDs indicate a beneficial effect of the experimental inter-
vention. If a trial yielded more than one randomized com-
parison, for example, a three-arm trial yielding one
randomized comparison of celexoxib vs. control and a sec-
ond randomized comparison of paracetamol vs. control [7],
we inflated the standard error of mean values in the control
group by the square root of the number of comparisons to
account for the use of the control group in multiple compar-
isons. We pooled follow-up and change data SMDs across
trials using inverse-variance random-effects meta-analysis,
and calculated the DerSimonian and Laird estimate of the
variance t2 as a measure of between-trial heterogeneity
[8]. A t2 of 0.01 was considered to represent small, 0.04
moderate, and 0.12 large variability between trials.

To determine the differences in SMDs, mean differences,
standard deviations, and P-values, we restricted the analysis
to the 51 randomized comparisons (38 trials) with complete
follow-up and change data available. Comparisons that re-
quired approximations to derive SMDs and trials that re-
ported only estimates after statistical adjustments for
baseline values (e.g., least-square means from analysis of
covariance or estimates from linear regression model ad-
justed for pain intensity at baseline) were excluded. We de-
rived pooled within-trial differences between SMDs derived
from follow-up and change data for each meta-analysis, and
subsequently combined the pooled difference in SMDs
across meta-analyses. The SMDs from follow-up and
change data originated from the same patients and were
therefore correlated. Accordingly, we used a random-
effects meta-regression model with robust variance estima-
tion, which accounted for the correlation of the data within
trials, to derive summary differences in SMDs as previously
described [9,10]. Negative differences in SMDs indicate that
follow-up data result in more beneficial SMDs than change
data. The design factor defined as the standard error adjusted
for the correlation within trials divided by the na€ıve standard
error was 1.40. The t2 estimate of the model reflected the
between-trial variation in SMDs as the measure of treatment
effect rather than the between-trial variation in difference in
SMDs as the parameter of interest. Therefore, we approxi-
mated t2 estimates for the difference in SMDs from a con-
ventional random-effects meta-analysis of differences in
SMDs after inflating the corresponding standard errors with
the design factor. We then performed stratified analyses ac-
cording to the prespecified characteristics of trials, namely
risk of bias (blinding of patients, concealment of allocation,
and analysis according to the intention to treat principle),
year of publication (trials published in 1980e1998 vs. trials
published in 1999e2007), sample size (small trials [!100
patients per group] vs. large trials [�100 patients per
group]), and the type of intervention assessed in the meta-
analysis (drug vs. other interventions and conventional vs.
complementary medicine). All stratified analyses were ac-
companied by two-sided tests for interaction.
Then, we calculated the differences between follow-up
and change data separately for mean differences and corre-
sponding standard deviations. Mean differences and stan-
dard deviations of follow-up and change data were
standardized in units of the pooled standard deviation of
the difference in follow-up values to ensure comparability
of estimates across the two types of data used: the mean dif-
ferences and standard deviations were therefore divided by
the pooled standard deviation of the difference in follow-
up values irrespective of the type of data they originated
from (follow-up or change data). To compare P-values, we
calculated ratios, dividing P-values derived from follow-
up data by P-values derived from change data, with a ratio
of 1 indicating identical P-values. Because the play of
chance is more pronounced in small than large trials, we ex-
amined the differences between follow-up and change data
separately for small and large trials, again with a prespeci-
fied cutoff of 100 patients per group to classify trials accord-
ing to their size. Distributions were compared between
small and large trials using box and whisker plots accompa-
nied by Levene’s test modified by Brown and Forsythe
[11,12] for equality of distributions around the median.

To determine the extent of bias introduced by a data-
driven optimistic or pessimistic post hoc selection of either
type of data in meta-analyses, we used all 292 randomized
comparisons available (189 trials). If the required data were
unavailable, we used approximations as previously de-
scribed [13]. Whenever required, we calculated standard
deviations from standard errors, confidence intervals
(CIs), P-values, and t-values. If needed, we approximated
the standard deviations of follow-up data from that of base-
line and change data, and approximated the standard devi-
ations of change data from that of baseline and follow-up
data, assuming a correlation of 0.5 between baseline and
follow-up data. For the pessimistic post hoc selection, we
chose the SMD that indicated the smallest treatment benefit
if both follow-up and change data were available; for the
optimistic post hoc selection, we chose the SMD that indi-
cated the largest benefit. Then, we pooled all trials available
for each meta-analysis, regardless of whether the trial had
allowed pessimistic and optimistic post hoc selection of
SMDs. The differences between pessimistic and optimistic
meta-analyses were classified based on differences in
pooled estimates of treatment effects and changes in signif-
icance levels. Differences in pooled estimates were consid-
ered relevant if they were at least 0.2 standard deviation
units, which corresponds to a small effect size according
to Cohen [14]. Changes in significance levels were consi-
dered relevant if P-values crossed at least one of the
four prespecified cutoffs (0.10, 0.05, 0.01, and 0.001).
The analysis of bias introduced by an optimistic or pessi-
mistic post hoc selection of data was repeated after a restric-
tion of meta-analyses to large trials including at least 100
patients per group. All P-values are two sided. Analyses
were performed in Stata Release 12 (StataCorp, College
Station, TX).
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3. Results

3.1. Characteristics of the included studies

Previous reports describe the study sample and its origin
[3,4]. A total of 21 meta-analyses with 189 trials with 292
randomized comparisons in 41,256 patients were eligible.
Table 1 describes the characteristics of the meta-analyses.
The median number of trials per meta-analysis was seven
(range: 2e29), and the median number of patients per
meta-analysis was 1,430 (range: 172e14,579). The pooled
treatment effect calculated from follow-up data ranged
from �0.05 to �1.37 and the between-trial heterogeneity
from a t2 of 0.00e1.87; the pooled treatment effect calcu-
lated from change data ranged from �0.03 to �0.99 and the
between-trial heterogeneity from a t2 of 0.00e0.41. Nine
meta-analyses assessed drug interventions, whereas 12
assessed nondrug interventions. Ten meta-analyses assessed
interventions in complementary medicine, whereas 11
assessed interventions in conventional medicine.

For 34 (12%) randomized comparisons, approximations
were required to derive the standard errors of both, differ-
ences in follow-up and change data, and for 89 (30%)
and 114 (39%) randomized comparisons to derive the stan-
dard error of differences in follow-up and change data
values, respectively. From the 55 (19%) remaining compar-
isons, which did not require approximations, 51 were in-
cluded in the analysis of differences in SMDs derived
from follow-up and change data, whereas 4 were excluded
because they reported estimates adjusted for baseline
values. Table 2 presents the characteristics of the 51 in-
cluded randomized comparisons as compared with the
241 randomized comparisons that were excluded from the
analysis because of approximations. Included randomized
comparisons were published more recently, funded more
often by nonprofit organizations, and had more complete
reporting of primary outcome and sample size calculations
(P� 0.043).

3.2. Comparison of SMDs derived from follow-up and
change data

Figure 1 shows a Forest plot of differences in SMDs de-
rived from follow-up and change data in the 51 randomized
comparisons. The average difference was near null (differ-
ence in SMDs: �0.04; 95% CI: �0.13, 0.06; P5 0.44),
with no evidence for variability in differences in SMDs
across meta-analyses (t25 0.00) or trials (t25 0.00) over
and above of what would be expected by chance. The cor-
responding median difference between follow-up and
change was near zero for mean differences (median:
�0.01; interquartile range [IQR]: �0.12, 0.14), standard
deviations (0.00; IQR: �0.27, 0.10), and SMDs (�0.02;
IQR: �0.15, 0.14), and the corresponding median ratio of
P-values was near 1 (0.99; IQR: 0.52, 1.91). Figure 2 shows
that for mean differences and SMDs, the random variation
was more pronounced for small than for large trials
(P-values for difference in variation: �0.011), again with
differences scattered around zero; for standard deviations
and P-values, there was little evidence for a difference in
variation between small and large trials (P-values for differ-
ence in variation: �0.51). Supplementary Fig. 1 (in
Appendix at www.jclinepi.com) shows that stratified analy-
ses provided no evidence for differences in SMDs depend-
ing on the characteristics of randomized comparison.
3.3. Comparison between optimistic and pessimistic
selection of SMDs

A total of 292 randomized comparisons from 21 meta-
analyses were included in the analysis of optimistic vs. pes-
simistic SMD. For 264 randomized comparisons, SMDs
could be directly derived or approximated from both
follow-up and change data. Table 3 presents the results of
these 21 meta-analyses after selection of the more optimis-
tic (left) and the more pessimistic SMDs (right). There was
a relevant shift in SMDs by 0.20 or higher standard devia-
tion units in seven meta-analyses (33%). For four meta-
analyses (19%), both pooled SMDs and corresponding
P-values showed a relevant shift; for three (14%) meta-
analyses, the SMD differed to a relevant extent, but signif-
icance levels remained approximately constant. For six
(29%) meta-analyses, the significance level changed,
but the magnitude of the SMD remained approximately
constant; for the remaining 8 (38%) meta-analyses, there
was no relevant shift according to our criteria. Table 4
shows the results of 13 meta-analyses that remained after
a restriction to large trials only, again after selection of
the more optimistic (left) and the more pessimistic SMDs
(right). For none, there was a relevant shift in SMDs,
whereas in eight (62%), there was a relevant shift in signif-
icance levels.
4. Discussion

In our meta-epidemiological study of osteoarthritis trials
with pain scores as clinical outcomes, we found no evi-
dence for systematic differences between estimates derived
from follow-up and change data. Differences in SMDs be-
tween follow-up and change data, mean differences and
standard deviations measured on original scales, and corre-
sponding P-values were all scattered around the null. This
suggests that there are no a priori reasons that prevent the
pooling of SMDs derived from follow-up and change
values in a single meta-analysis of clinical osteoarthritis tri-
als. We believe that our results are likely to apply also to
other trials using clinical scores to measure symptom
severity.

In contrast, the Cochrane Handbook for Systematic Re-
views of Interventions recommends against combining
follow-up and change data as SMDs [15]. The rationale
is that the pooled standard deviation used as denominator

http://www.jclinepi.com


Table 1. Characteristics of the included meta-analyses

Interventions
Drug

intervention
Complementary

medicine
Number of
trialsa

Number of
patientsa SMD follow-up (95% CI)

Heterogeneity t2

(P-value) SMD change (95% CI)
Heterogeneity t2

(P-value)

Acupuncture No Yes 6 1,725 �0.56 (�0.83, �0.28) 0.12 (�0.001)b �0.48 (�0.78, �0.18) 0.12 (�0.001)b

Aquatic exercise No No 4 599 �0.13 (�0.29, 0.03) 0.00 (0.66) �0.17 (�0.37, 0.03) 0.01 (0.28)
Avocado soybean No Yes 2 325 �0.41 (�0.63, �0.19) 0.00 (0.56) �0.40 (�0.69, �0.11) 0.02 (0.19)
Balneotherapy No Yes 3 273 �1.37 (�2.72, �0.02) 1.87 (�0.001)b �0.99 (�1.62, �0.37) 0.23 (0.047)b

Capsaicin No Yes 4 284 �0.32 (�0.57, �0.07) 0.01 (0.34) �0.42 (�0.65, �0.18) 0.00 (0.84)
Chondroitin Yes Yes 19 3,751 �0.76 (�0.98, �0.54) 0.23 (�0.001)b �0.77 (�1.00, �0.55) 0.24 (�0.001)
Corticosteroids Yes No 3 242 �0.35 (�0.61, �0.10) 0.00 (0.39) �0.29 (�0.74, 0.16) 0.10 (0.12)
Diacerin Yes No 7 1,821 �0.27 (�0.38, �0.15) 0.01 (0.27) �0.29 (�0.45, �0.13) 0.04 (0.014)
Exercise No No 17 2,323 �0.30 (�0.39, �0.22) 0.00 (0.45) �0.42 (�0.57, �0.28) 0.04 (0.019)
Glucosamine Yes Yes 15 1,578 �0.48 (�0.76, �0.20) 0.23 (�0.001)b �0.56 (�0.82, �0.31) 0.18 (�0.001)b

Laser (LLLT) No Yes 7 280 �0.51 (�1.00, �0.02) 0.39 (�0.001)b �0.69 (�1.12, �0.27) 0.26 (0.005)b

Opioids Yes No 13 2,925 �0.37 (�0.44, �0.29) 0.00 (0.55) �0.38 (�0.46, �0.29) 0.00 (0.28)
Oral NSAIDs Yes No 29 14,679 �0.36 (�0.42, �0.30) 0.03 (�0.001) �0.34 (�0.39, �0.28) 0.02 (�0.001)
Paracetamol Yes No 5 1,478 �0.15 (�0.26, �0.05) 0.00 (0.62) �0.19 (�0.37, �0.01) 0.02 (0.084)
Pulsed magnetic field No Yes 7 496 �0.56 (�0.91, �0.22) 0.15 (0.005)b �0.48 (�0.90, �0.05) 0.26 (�0.001)b

Self-management No No 13 4,278 �0.05 (�0.11, 0.01) 0.00 (0.56) �0.03 (�0.11, 0.04) 0.00 (0.25)
Static magnets No Yes 2 172 �0.44 (�0.75, �0.14) 0.00 (0.46) �0.20 (�0.99, 0.58) 0.41 (0.002)b

TENS/IF No Yes 7 214 �0.82 (�1.11, �0.53) 0.00 (0.95) �0.97 (�1.27, �0.67) 0.00 (0.83)
Topical NSAIDs Yes No 9 1,430 �0.44 (�0.60, �0.28) 0.04 (0.026) �0.47 (�0.69, �0.25) 0.10 (�0.001)
Viscosupplementation Yes No 22 2,455 �0.30 (�0.46, �0.14) 0.10 (�0.001) �0.27 (�0.42, �0.13) 0.07 (�0.001)
Weight reduction No No 3 222 �0.05 (�0.32, 0.21) 0.00 (0.69) �0.23 (�0.51, 0.05) 0.00 (0.76)

Abbreviations: SMD, standardized mean difference; CI, confidence interval; LLLT, low-level laser therapy; NSAIDs, nonsteroidal anti-inflammatory drugs; TENS, transcutaneous electrical
nerve stimulation; IF, interferential current stimulation.

Note: The SMDs and corresponding 95% CIs were derived from random-effects meta-analyses of all trials. Negative SMDs indicate a beneficial effect of experimental intervention.
a Number of trials and patients totals 189 and 41,256, as eight trials were included each in two different meta-analyses.
b Meta-analyses considered to have high heterogeneity between trials (t2� 0.12).
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Table 2. Characteristics of randomized comparisons according to approximations used to derive the standard errors of differences in follow-up and
differences in change

Characteristics

Approximations required

Yes (n[ 241), n (%) No (n[ 51), n (%) P-valuea

Adequate concealment of allocation 62 (26) 16 (31) 0.41
Described as double blind 165 (69) 36 (71) 0.77
Adequate blinding of patients 100 (42) 20 (39) 0.76
Intention-to-treat analysis 48 (20) 15 (29) 0.13
Published after 1999 130 (54) 40 (78) �0.001
Funding by nonprofit organization 45 (19) 16 (31) 0.043
Multicenter trial 143 (59) 30 (59) 0.95
Primary outcome reported 116 (48) 39 (77) �0.001
Sample size calculation reported 95 (39) 33 (65) �0.001
Drug intervention 156 (65) 29 (57) 0.29
Complementary medicine 84 (35) 15 (29) 0.46
Large trial (n� 100 patients per group) 88 (37) 16 (31) 0.49
Primary report in English 232 (96) 51 (100) 0.16

a P-values based on c2 test. Note that the 51 comparisons that did not require approximations were used for the main analysis of differences in
SMDs between follow-up and change data shown in Fig. 1.
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when calculating SMDs may depend on the type of the
data used. As a function of the correlation between base-
line and follow-up data [16], standard deviations of change
data could either be systematically larger than those of
follow-up data if the correlation is low, or systematically
Overall  (between-trial variance τ2
: 0.000)
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Fig. 1. Forest plot of differences in SMDs between follow-up and change da
SMD, standardized mean difference; NSAIDs, nonsteroidal anti-inflammato
ferential current stimulation. Negative differences in SMDs indicate that fo
that for 7 of the 21 meta-analyses reported in Table 1, only one randomi
between follow-up and change data, and for one intervention (balneotherap
smaller if the correlation is high. In our case of osteoarthri-
tis trials with pain scores of a fixed range as clinical
outcome, resulting in symmetrical, near-normal distribu-
tions, typically without outliers, no systematic differences
were found between follow-up and change values, neither
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–0.33 (–1.13, 0.47)

0.03 (–0.55, 0.62)

–0.01 (–0.34, 0.31)

0.12 (–1.43, 1.67)

Difference between

SMDs (95% CI)

Change data SMD larger 
.5 1 1.5 2

ta in 51 randomized comparisons included in the 20 meta-analyses.
ry drugs; TENS, transcutaneous electrical nerve stimulation; IF, inter-
llow-up data result in more beneficial SMDs than change data. *Note
zed comparison was included in the analysis of differences in SMDs
y) no trial was included.
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Fig. 2. Distributions of within-trial differences in SMDs, mean differences, P-values, and standard deviations according to sample size. SMD, stan-
dardized mean difference; small trials, !100 patients per group; large trials, �100 patients per group. Differences in mean differences and dif-
ferences in standard deviations are expressed in units of the pooled standard deviation at follow-up.
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for mean differences nor for pooled standard deviations or
resulting SMDs. In the field of osteoarthritis and similar
clinical settings using scores to measure symptom severity,
it seems therefore justified to combine SMDs from follow-
up and change data in a single meta-analysis, provided that
investigators determine whether estimated treatment ef-
fects are associated with the type of data used to derive
SMDs using stratified analyses accompanied by tests of in-
teraction. In case of continuous outcomes with one-sided
truncation only, such as walking distance in patients with
intermittent claudication, or blood pressure in hypertensive
individuals, distributions may be asymmetrical and subject
to outliers, and correlations between baseline and follow-
up may considerably deviate from 0.5. Future studies
should investigate whether our results also apply to such
outcomes.

The SMDs do not only depend on variation in the pooled
standard deviations as denominator but also on random var-
iation in the mean differences as numerator used when cal-
culating SMDs. When comparing variation in mean
differences, standard deviations, SMDs, and P-values be-
tween small and large trials, we found that random variation
in SMDs was more pronounced in small than in large trials.
This difference in variation was mainly explained by differ-
ences in mean differences, which were scattered more in
small trials because of the more pronounced impact of the
play of chance, which will lead to differences in baseline
values of scores. This opens the possibilities for bias during
data extraction in systematic reviews particularly in small
trials: reviewers could consciously or unconsciously extract
the more optimistic or more pessimistic values if they have
personal preferences or beliefs favoring one of the com-
pared interventions. Analyses restricted to large trials will
therefore not only minimize small study effects [5] but also
the impact of biased data extraction. We know of no in-
stance, however, in which meta-analysts systematically
chose, on an individual study-by-study basis, the most or
least beneficial treatment effect.

For the comparison between optimistic and pessimistic
selection of SMDs, we included all available 292



Table 3. Meta-analyses results according to optimistic or pessimistic post hoc selection

Intervention

Optimistic selection of SMDs Pessimistic selection of SMDs

SMD (95% CI) P-value SMD (95% CI) P-value

Relevant shift in pooled estimate and significance level
Balneotherapy �1.49 (�2.86, �0.11) 0.034 �0.94 (�1.54, �0.34) 0.002
Low-level laser therapy �0.73 (�1.15, �0.31) 0.001 �0.47 (�0.95, 0.01) 0.053
Pulsed magnetic field �0.63 (�1.02, �0.25) �0.001 �0.41 (�0.79, �0.03) 0.035
Static magnets �0.48 (�0.78, �0.17) 0.002 �0.17 (�0.93, 0.59) 0.66

Relevant shift in pooled estimate
TENS/IF �1.00 (�1.30, �0.69) �0.001 �0.80 (�1.09, �0.51) �0.001
Glucosamine �0.63 (�0.90, �0.35) �0.001 �0.42 (�0.67, �0.17) �0.001
Acupuncture �0.60 (�0.89, �0.32) �0.001 �0.39 (�0.63, �0.15) �0.001

Relevant shift in significance level
Capsaicin �0.43 (�0.67, �0.19) �0.001 �0.31 (�0.55, �0.07) 0.013
Corticosteroids �0.39 (�0.66, �0.12) 0.004 �0.23 (�0.63, 0.18) 0.28
Viscosupplementation �0.34 (�0.50, �0.19) �0.001 �0.23 (�0.37, �0.09) 0.002
Aquatic exercise �0.21 (�0.37, �0.05) 0.010 �0.07 (�0.23, 0.09) 0.42
Paracetamol �0.20 (�0.31, �0.08) �0.001 �0.13 (�0.26, 0.00) 0.057
Self-management �0.10 (�0.17, �0.03) 0.006 0.01 (�0.05, 0.07) 0.69

No relevant shift
Chondroitin �0.82 (�1.05, �0.59) �0.001 �0.70 (�0.91, �0.50) �0.001
Topical NSAIDs �0.52 (�0.72, �0.32) �0.001 �0.39 (�0.57, �0.20) �0.001
Exercise �0.44 (�0.56, �0.32) �0.001 �0.28 (�0.37, �0.20) �0.001
Avocado soybean �0.44 (�0.66, �0.22) �0.001 �0.36 (�0.58, �0.14) �0.001
Opioids �0.41 (�0.50, �0.32) �0.001 �0.34 (�0.42, �0.27) �0.001
Oral NSAIDs �0.39 (�0.45, �0.33) �0.001 �0.33 (�0.38, �0.27) �0.001
Diacerein �0.34 (�0.48, �0.20) �0.001 �0.22 (�0.34, �0.11) �0.001
Weight reduction �0.19 (�0.45, 0.08) 0.166 �0.02 (�0.28, 0.24) 0.88

Abbreviations: SMD, standardized mean difference; CI, confidence interval; NSAIDs, nonsteroidal anti-inflammatory drugs; TENS, transcuta-
neous electrical nerve stimulation; IF, interferential current stimulation.

Note: We considered clinically relevant a difference of �0.2 between optimistic and pessimistic SMDs. The following thresholds in P-values
were used to define significance level shift, namely 0.1, 0.05, 0.01, and 0.001.
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randomized comparisons, irrespective of whether approxi-
mations were required to derive SMDs. This included the
assumption of a correlation of 0.5 between baseline and
follow-up values if measures of dispersion were unavailable
for either follow-up or change data. This approach tends to
bias the differences between follow-up and change data to-
ward the null. Therefore, the observed differences between
Table 4. Meta-analyses results according to optimistic or pessimistic post h

Intervention

Optimistic selection of SMDs

SMD (95% CI)

Relevant shift in significance level
Topical NSAIDs �0.32 (�0.54, �0.10)
Acupuncture �0.25 (�0.40, �0.11)
Glucosamine �0.19 (�0.35, �0.03)
Paracetamol �0.21 (�0.35, �0.07)
Diacerein �0.21 (�0.39, �0.02)
Viscosupplementation �0.16 (�0.27, �0.04)
Aquatic exercise �0.17 (�0.34, 0.00)
Self-management �0.09 (�0.17, �0.02)

No relevant shift
Balneotherapy �0.77 (�1.06, �0.47)
Opioids �0.36 (�0.46, �0.27)
Oral NSAIDs �0.37 (�0.43, �0.31)
Chondroitin �0.28 (�0.61, 0.06)
Exercise �0.25 (�0.36, �0.14)

Abbreviations: SMD, standardized mean difference; CI, confidence inter
Note: We considered clinically relevant a difference of �0.2 between o

were used to define significance level shift, namely 0.1, 0.05, 0.01, and 0
optimistic and pessimistic selection of SMDs may even in-
crease with better quality of reporting and more complete
availability of both follow-up and change data.

An incidental finding was that the variation in differences
in P-values was equally pronounced in large and small trials.
This is explained by the use of a t-test to derive P-values,
which is more conservative in small than in large trials.
oc selection when restricting analyses to large trials only

Pessimistic selection of SMDs

P-value SMD (95% CI) P-value

0.005 �0.29 (�0.51, �0.07) 0.011
�0.001 �0.21 (�0.38, �0.04) 0.014
0.019 �0.08 (�0.24, 0.07) 0.30
0.003 �0.15 (�0.30, 0.01) 0.062
0.027 �0.07 (�0.19, 0.05) 0.256
0.007 �0.08 (�0.21, 0.05) 0.22
0.051 �0.05 (�0.22, 0.12) 0.57
0.016 0.02 (�0.05, 0.08) 0.63

�0.001 �0.62 (�0.92, �0.33) �0.001
�0.001 �0.31 (�0.41, �0.22) �0.001
�0.001 �0.31 (�0.37, �0.26) �0.001
0.108 �0.23 (�0.52, 0.06) 0.125

�0.001 �0.23 (�0.34, �0.12) �0.001

val; NSAIDs, nonsteroidal anti-inflammatory drugs.
ptimistic and pessimistic SMDs. The following thresholds in P-values
.001.
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Differences in t-values between follow-up and change data of
the same magnitude will impact more in large than in small
trials or, conversely, smaller variations in t-values are re-
quired in large than in small trials to achieve a specific vari-
ation in P-values. Along the same lines, we found that SMDs
remained largely the same in pessimistic and optimistic sce-
narios after restricting meta-analyses to large randomized
comparisons with 200 patients or more, whereas P-values
still differed considerably. Because meta-analyses of con-
tinuous outcomes are typically overpowered, the clinical
interpretation should depend on the magnitude of the SMDs
and not on P-values. In a recent meta-analysis of viscosup-
plementation, for example, we found an SMD of �0.16
(95% CI: �0.26, �0.07), which corresponds to 4 mm on
a 100-mm visual analog scale, the P-value of which, how-
ever, was lower than 0.001 [17].

To our knowledge, this is the first study to compare
SMDs derived from follow-up and change data. The com-
parison of SMDs was based on 51 randomized compari-
sons in 7,784 patients, the comparison of optimistic and
pessimistic scenarios on 292 randomized comparisons in
41,256 patients from 21 meta-analyses of osteoarthritis
trials. Our results suggest that it may be valid to pool
SMDs derived from follow-up and change values in a sin-
gle meta-analysis, provided that symptom scales of a fixed
range are used and differences according to type of data
used to derive SMDs are explored. However, we found rel-
evant differences in pooled estimates of treatment effect
and/or significance levels between meta-analyses after
an optimistic selection as opposed to a pessimistic selec-
tion of SMDs in most of the meta-analyses. This suggests
the need of a priori decisions prespecified in the protocol
regarding the type of data used preferentially for the cal-
culation of SMDs when both follow-up and change data
are available.

Appendix

Supplementary material

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/j.
jclinepi.2013.03.009.
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