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1 INTRODUCTION 
Certain outcomes (e.g., blood pressure, blood glucose levels, hemoglobin, height) are expressed as 
continuous data. These outcomes are reported by study investigators either as final (end of treatment) 
values or as change (change from baseline) values. When performing meta-analysis to derive 
summary estimates for such outcomes, there is some debate as to the method to use: whether one 
should pool final and change values in the same analysis, or convert the values to one type if there is 
sufficient information to enable such conversion or perform separate analyses.  
 
 
2 OBJECTIVE 
To determine whether results of meta-analyses with outcomes expressed as continuous data are 
different if final values (treatment end value) only are used as compared with the use of change 
values (treatment end value – baseline value) only, or a combination of both final and change values. 
A difference could potentially affect the significance of the results. 
 
 
3 METHOD 
To address the issue, a simulation study was undertaken. Randomized controlled trials (RCTs) with 
one experimental group and one control group were simulated by generating baseline and final 
values for a continuous outcome. These values were generated taking into consideration a number of 
different parameters [e.g., coefficient of variation (CV); effect size (ES); correlation coefficient (ρ) 
between the final and baseline values; and number of participants (N) in each group, in each RCT]. 
The parameter values were chosen to depict different relevant RCT scenarios. Meta-analyses were 
then undertaken with the simulated RCT data. 
 
3.1 Generation of baseline and final data 
Baseline and final values were simulated by generating bivariate normal random variables ( 1x , 2x ) 
from normal random variables ( 1z , 2z ) by using the equations below.1,2  
 

1111 zsm x +=       (1) 
 

)1z  (zs  m  x 2
21222 ρρ −++=     (2) 

 
1m  ± 1s  and 2m  ± 2s  are mean ± standard deviation of 1x  and 2x  respectively 

ρ  = correlation coefficient between the baseline and final values.  
 
RCT data were simulated by generating baseline and final values for outcomes for each participant in 
both the experimental and control groups. Mean baseline values were assumed to be 100 for both 
groups. No effect was assumed for the control group; and a small, medium, or large effect was 
assumed for the experimental group. Several different scenarios were simulated by varying the 
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values of CV, ES, ρ and N. The values of the parameters were chosen to cover a relevant spectrum to 
reflect RCT scenarios. Three values of the CV were used: 0.1, 0.3, and 0.5. Three effect sizes were 
used: 0.2, 0.5, and 0.9, which were considered to represent small, medium, and large respectively.3 
Three values for ρ were considered: 0.1, 0.5, and 0.9; they represent low, moderate, and high 
correlation. The values used for N in each group (i.e. experimental and control groups) were 10, 50, 
and 100, giving a total number of participants in each RCT as 2N (i.e., 20, 100, and 200 
respectively). Thus with different combinations of these parameters, 81 different scenarios were 
obtained. Appendix 1 shows the parameter values for the 27 scenarios where N=10. The parameter 
values listed in Appendix 1 were also used for the remaining 54 scenarios where N=50 (27 
scenarios), and N=100 (27 scenarios). 
 
A Monte Carlo simulation analysis was performed using SAS version 9.1.3 (SAS Institute Inc., Cary, 
NC, USA). The RANNOR function in SAS was used to generate random numbers from a normal 
distribution with mean 0 and variance 1. Different seeds were used for the experimental and control 
groups, and the same seeds were used for the different sets of generated data. 
 
3.2 Calculation of summary estimates (pooled estimates) 
Two summary statistics [weighted mean difference (WMD) and standardized mean difference 
(SMD)] are used for meta-analysis of continuous data. When the outcome measurements in all the 
trials are on the same scale, the difference in means is used. In this case, the meta-analysis computes 
a weighted average of these differences in means; this is the WMD. When the outcome 
measurements in all the trials are not on the same scale, the standardized difference in means is used 
and the meta-analysis is conducted using the SMD method. For the analyses here, it was assumed 
that all the outcome measurements were on the same scale. The WMD and 95% confidence interval 
(CI) were computed using the equations given below.4 
 
In general, for the ith trial, the mean difference (MDi) between the experimental and control groups 
(Table 1), and the standard error (SEi) were computed using the following equations: 
 

MDi = mei - mci       (3) 
 

SEi = 
ci

2
ci

ei

2
ei

n
s

n
s

+      (4) 

 
The pooled standard deviation (SD) for the control and experimental groups was computed using 
equation (5): 
 

SDi = si = 
2) - n  (n

1)s - (n  1)s - (n

ciei

2
cici

2
eiei

+
+

  (5) 
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Table 1: Summary information for ith trial 
Study Arm Mean Standard Deviation Number of Participants 

Experimental mei sei nei 
Control mci sci nci 

 
For each case, changes between baseline and final follow-up were calculated. For each scenario, 
meta-analyses were performed using final values (f), change values (ch) or a combination of these. 
The summary estimates were derived by calculating a weighted average of the treatment effects from 
individual trials according to the following: 
 

WMD = 
∑

∑
i

cieii

w
)m - m(w

  (6) 

 
where wi is the weight of the ith trial and is given by the inverse of the squared standard error (SE) 
 

wi = 2
i )(SE

1     (7) 

 
The standard error for the pooled estimate (i.e. WMD) is given by 

SEWMD = 
∑ iw

1    (8) 

 
Ten RCTs were pooled in each meta-analysis and the summary estimate was presented as WMD with 
95% CI. Meta-analyses were conducted using either all 10 final values (10f) or all 10 change values 
(10ch), or their combination. When meta-analyses were conducted using a combination of change 
and final values, three types of combinations were used in the analyses: seven final values and three 
change values (7f3ch); five final values and five change values (5f5ch); and three final values and 
seven change values (3f7ch). Each meta-analysis was simulated 10,000 times. The accuracy of 
pooled WMD and 95% CI using different methods were compared based on 10,000 simulations.   
 
The results of the meta-analyses were presented graphically using GraphPad Prizm 3 software 
(GraphPad Software Inc. San Diego, USA). 
 
 
4 RESULTS 
Eighty-one different scenarios were simulated and meta-analyses were performed with the simulated 
data.  
 
4.1 Trends in 95% CI 
In Figures 1 to 3, each of the plots (a to f) shows the mean WMD (95% CI) at ρ=0.1, 0.5, and 0.9. At 
each value of ρ, there are five sets of meta-analyses starting from the left with the meta-analysis 
using 10f values, followed in order by meta-analyses using 7f3ch, 5f5ch, 3f7ch, and 10ch values. 
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Each plot (a to f) in Figures 1 to 3 shows results obtained with a different combination of values for 
ES (0.2, 0.5, and 0.9), CV (0.1 and 0.3), and N (10, 50, and 100). A similar trend is seen in all three 
figures. A similar trend is also seen when CV=0.5 (Appendices 2A to 2C). The bias in the WMD 
value was calculated for each scenario and was found to be less than 0.07.  
 
4.1.1 Low correlation coefficient 

Figures 1 to 3 show that when ρ was low (i.e. 0.1), the 95% CI of the WMD was narrower (indicating 
less variation) when the meta-analysis was conducted using all final values (10f), as compared to that 
when all change values (10ch) were used in the meta-analysis. The 95% CI of the WMD gradually 
increased as the proportion of final values used in the meta-analyses decreased and the number of 
change values used in the meta-analyses increased (i.e., 7f3ch followed sequentially by 5f5ch, 3f7ch, 
and 10ch). This trend was observed for all the combinations of ES, CV, and N used for this set of 
analyses. 
 
4.1.2 Moderate correlation coefficient  

Figures 1 to 3 show that when the correlation coefficient (ρ) was moderate (i.e. 0.5), the 95% CI of 
the WMD was relatively unchanged, irrespective of whether all final values (10f) or a combination of 
final and change values (7f3ch, 5f5ch, and 3f7ch) or all change values (10ch) were used in the meta-
analysis for scenarios where CV=0.1. For scenarios where CV=0.3 or 0.5, the 95% CIs decreased by 
a small extent as the number of final values used in the meta-analyses decreased.  
 
4.1.3 High correlation coefficient 

Figures 1 to 3 show that when the correlation coefficient (ρ) was high (i.e. 0.9), the 95% CI of the 
WMD was wider when the meta-analysis was conducted using all final values (10f), as compared 
with that when all change values (10ch) were used in the meta-analysis. The 95% CI of the WMD 
gradually decreased as the proportion of final values used in the meta-analyses decreased and the 
number of change values used in the meta-analyses increased (i.e. 7f3ch followed sequentially by 
5f5ch, 3f7ch, and 10ch). This trend was observed for all the combinations of ES, CV, and N used for 
this set of analyses. 
 
4.2 Difference in Significance 
Tables 2 to 4 show the proportion (expressed as percentage and 95% CI) of meta-analyses with 
significant WMD (s-WMD) when using only final values (10f), but non-significant WMD (ns-WMD) 
when using combinations of final and change values (7f3ch, 5f5ch, and 3f7ch) or only change values 
(10ch). The three tables also show the proportion of meta-analyses with ns-WMD when using only 
final values (10f), but s-WMD when using combinations of final and change values (7f3ch, 5f5ch, and 
3f7ch) or only change values (10ch). In each case the proportion was calculated from 10,000 meta-
analyses and the corresponding 95% CI of the proportion was calculated (using equations5 in appendix 
3). Scenarios of concern are indicated by shading (darker shading indicates greater concern). 
 
4.2.1 Low correlation coefficient 

Table 2 shows the percentage of 10,000 simulated meta-analyses where the significance of WMD using 
final values (10f) differed from that obtained using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch) 
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when the correlation was low (i.e. ρ=0.1). When the sample size was small (N=10) and the effect size 
was small (i.e. ES=0.2), in 13.9% to 14.8% of the meta-analyses, the WMDs obtained using only final 
values were significant when the corresponding WMDs obtained using only change values were non-
significant, irrespective of the CV value used. Also when N=10 and ES=0.2, in 10.9% to 11.6%, 9.0% 
to 9.4% and 6.3% to 6.8% of the meta-analyses, the WMDs obtained using only final values (10f) were 
significant when the corresponding WMDs obtained using combinations of final and change values 
(3f7ch, 5f5ch, and 7f3ch values respectively) were non-significant, irrespective of the CV value used. 
When N=10 and ES=0.5, in 23.4% to 24.6% of the meta-analyses the WMDs obtained using only final 
values were significant when the corresponding WMDs obtained using only change values were non-
significant, irrespective of the CV value used. When N=50 and ES=0.2, in 29.6% to 30.6% of the meta-
analyses, the WMDs obtained using only final values were significant when the corresponding WMDs 
obtained, using only change values, were non-significant.  
 
4.2.2 Moderate correlation coefficient 

Table 3 shows the percentage of 10,000 simulated meta-analyses where the significance of WMD 
using final values (10f) differed from that obtained using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, 
or 10ch) when the correlation was moderate (i.e. ρ=0.5). When N=10 and ES=0.2, in 12.7% to 13.7% 
of the meta-analyses, the WMDs obtained using only final values were significant when the 
corresponding WMDs obtained using only change values were non-significant, irrespective of the 
CV value used. Also when N=10 and ES=0.2, in 10.5% to 11.2%, 8.9% to 9.6% and 6.8% to 7.0% of 
the meta-analyses, the WMDs obtained using only final values (10f) were significant when the 
corresponding WMDs obtained using combinations of final and change values (3f7ch, 5f5ch, and 
7f3ch values respectively) were non-significant, irrespective of the CV value used.  
 
4.2.3 High correlation coefficient 

Table 4 shows the percentage of 10,000 simulated meta-analyses where the significance of WMD using 
final values (10f) differed from that obtained using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch) 
when the correlation was high (i.e. ρ=0.9). When N=10 and ES=0.2, in 59.1% to 60.1% of the meta-
analyses, the WMDs obtained using only final values (10f) were non-significant when the 
corresponding WMDs obtained using only change values (10ch) were significant, irrespective of the 
CV value used. Also when N=10 and ES=0.2, in 48.9% to 50.1%, 38.9% to 40.9% and 26.1% to 27.4% 
of the meta-analyses, the WMDs obtained using only final values (10f) were non-significant when the 
corresponding WMDs obtained using combinations of final and change values (3f7ch, 5f5ch, and 7f3ch 
values respectively) were significant, irrespective of the CV value used. When N=50 and ES=0.2, in 
18.5% to 22.3% of the meta-analyses, the WMDs obtained using only final values were non-significant 
when the corresponding WMDs obtained using only change values (10ch), or combination of change 
and final values (3f7ch, 5f5ch, or 7f3ch) were significant. When N=10 and ES=0.5 in 11.1% to 18.2% 
of the meta-analyses, the WMDs obtained using only final values were non-significant when the 
corresponding WMDs obtained using only change values or combinations of final and change values 
(3f7ch, 5f5ch, and 7f3ch) were significant. 
 
Table 5 summarizes the results for the different scenarios shown in Tables 2 to 4. When the effect size 
was large (ES=0.9), results of the meta-analyses with the different data types (10f, 7f3ch, 5f5ch, 3f7ch, 
and 10ch) were similar (significant or non-significant) irrespective of sample size, CV and ρ used in the 
analyses. When the effect size was small (ES=0.2) or the sample size was small, then there were 
instances when different significance levels were obtained for WMD depending on the method used for 
analyses (i.e. the data type used in the analyses).  
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Figure 1  
Means of the WMD and 95% CI obtained from 10,000 meta-analyses are plotted at three values of the 
correlation coefficient (ρ=0.1, 0.5, 0.9). At each value of ρ there are a set of five meta-analyses results, 
starting from the left with results obtained using 10f (■), 7f3ch (▲), 5f5ch (▼), 3f7ch (♦), and 10ch 
(●). For each meta-analysis 10 RCTs were pooled and each RCT had 10 participants (N=10) in each 
group (i.e. a total of 20 participants). In each plot the combination of ES and CV values is different.  
 
 

 
 
 
 
 
 
  
 
 
 



Caveats in the Meta-Analyses of Continuous Data: A Simulation Study 7

Figure 2 
Means of the WMD and 95% CI obtained from 10,000 meta-analyses are plotted at three values of 
the correlation coefficient (ρ=0.1, 0.5, 0.9). At each value of ρ there are a set of five meta-analyses 
results, starting from the left with results obtained using 10f (■), 7f3ch (▲), 5f5ch (▼), 3f7ch (♦), 
and 10ch (●). For each meta-analysis 10 RCTs were pooled and each RCT had 50 participants 
(N=50) in each group (i.e. a total of 100 participants). In each plot the combination of ES and CV 
values is different.   
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Figure 3 
Means of the WMD and 95% CI obtained from 10,000 meta-analyses are plotted at three values of 
the correlation coefficient (ρ=0.1, 0.5, 0.9). At each value of ρ there are a set of five meta-analyses 
results, starting from the left with results obtained using 10f (■), 7f3ch (▲), 5f5ch (▼), 3f7ch (♦), 
and 10ch (●). For each meta-analysis 10 RCTs were pooled and each RCT had 100 participants 
(N=100) in each group (i.e. a total of 200 participants). In each plot the combination of ES and CV 
values is different.   
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Table 2: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.1 

Scenario Percentage† of meta-analyses showing pooled estimates as 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size 
(ES) 7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.1 10 0.2 (small) 6.78 
(6.30, 
7.29) 

9.39 
(8.83, 
9.98) 

11.56 
(10.94, 
12.21) 

14.81 
(14.12, 
15.52) 

4.49 
(4.10, 
4.92) 

5.17 
(4.75, 
5.63) 

5.33 
(4.90, 
5.79) 

5.88 
(5.43, 
6.36) 

0.1 10 0.5 (medium) 6.35 
(5.88, 
6.85) 

10.31 
(9.72, 
10.93) 

15.37 
(14.67, 
16.10) 

24.57 
(23.73, 
25.43) 

2.06 
(1.79, 
2.36) 

2.20 
(1.93, 
2.51) 

2.41 
(2.12, 
2.73) 

2.43 
(2.14, 
2.76) 

0.1 10 0.9 (large) 0.05 
(0.02, 
0.12) 

0.10 
(0.05, 
0.19) 

0.22 
(0.14, 
0.34) 

0.90 
(0.73, 
1.11) 

0.02 
(0.00, 
0.08) 

0.02 
(0.00, 
0.08) 

0.02 
(0.00, 
0.08) 

0.02 
(0.00, 
0.08) 

0.1 50 0.2 (small) 8.62 
(8.08, 
9.19) 

14.10 
(13.43, 
14.80) 

20.12 
(19.34, 
20.92) 

30.56 
(29.66, 
31.48) 

2.49 
(2.20, 
2.82) 

2.68 
(2.38, 
3.02) 

2.98 
(2.66, 
3.34) 

2.97 
(2.65, 
3.33) 

0.1 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.01 
(0.00, 
0.06) 

0.03 
(0.01, 
0.10) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 100 0.2 (small) 1.77 
(1.52, 
2.05) 

3.47 
(3.12, 
3.85) 

5.99 
(5.54, 
6.48) 

13.23 
(12.58, 
13.91) 

0.27 
(0.18, 
0.40) 

0.35 
(0.25, 
0.49) 

0.31 
(0.21, 
0.45) 

0.23 
(0.15, 
0.35) 

0.1 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 10 0.2 (small) 6.58 
(6.11, 
7.09) 

9.21 
(8.65, 
9.80) 

11.29 
(10.68, 
11.93) 

14.37 
(13.69, 
15.08) 

4.34 
(3.95, 
4.76) 

5.04 
(4.62, 
5.49) 

5.22 
(4.80, 
5.68) 

5.81 
(5.36, 
6.29) 
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Table 2: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.1 

Scenario Percentage† of meta-analyses showing pooled estimates as 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size 
(ES) 7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.3 10 0.5 (medium) 6.92 
(6.43, 
7.44) 

11.14 
(10.53, 
11.78) 

15.84 
(15.13, 
16.57) 

24.03 
(23.20, 
24.88) 

2.53 
(2.24, 
2.86) 

2.75 
(2.44, 
3.09) 

3.02 
(2.70, 
3.38) 

2.90 
(2.58, 
3.25) 

0.3 10 0.9 (large) 0.12 
(0.07, 
0.22) 

0.19 
(0.12, 
0.30) 

0.48 
(0.36, 
0.64) 

1.53 
(1.30, 
1.80) 

0.02 
(0.00, 
0.08) 

0.03 
(0.01, 
0.10) 

0.02 
(0.00, 
0.08) 

0.03 
(0.01, 
0.10) 

0.3 50 0.2 (small) 8.88 
(8.33, 
9.46) 

14.29 
(13.61, 
14.99) 

20.10 
(19.32, 
20.90) 

30.00 
(29.10, 
30.91) 

2.57 
(2.27, 
2.90) 

3.02 
(2.70, 
3.38) 

3.14 
(2.81, 
3.51) 

3.16 
(2.83, 
3.53) 

0.3 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.01 
(0.00, 
0.06) 

0.06 
(0.02, 
0.14) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 100 0.2 (small) 2.07 
(1.80, 
2.37) 

3.78 
(3.42, 
4.18) 

6.39 
(5.92, 
6.89) 

13.65 
(12.99, 
14.34) 

0.30 
(0.21, 
0.43) 

0.37 
(0.26, 
0.52) 

0.38 
(0.27, 
0.53) 

0.31 
(0.21, 
0.45) 

0.3 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 10 0.2 (small) 6.30 
(5.84, 
6.80) 

9.00 
(8.45, 
9.58) 

10.92 
(10.32, 
11.55) 

13.90 
(13.23, 
14.60) 

3.95 
(3.58, 
4.36) 

4.89 
(4.48, 
5.34) 

5.04 
(4.62, 
5.49) 

5.70 
(5.26, 
6.18) 

0.5 10 0.5 (medium) 7.26 
(6.76, 
7.79) 

11.52 
(10.90, 
12.17) 

16.23 
(15.52, 
16.97) 

23.41 
(22.59, 
24.26) 

2.77 
(2.46, 
3.12) 

3.21 
(2.88, 
3.58) 

3.63 
(3.28, 
4.02) 

3.47 
(3.12, 
3.85) 
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Table 2: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.1 

Scenario Percentage† of meta-analyses showing pooled estimates as 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size 
(ES) 7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.5 10 0.9 (large) 0.42 
(0.31, 
0.57) 

0.58 
(0.44, 
0.75) 

1.08 
(0.89, 
1.31) 

2.42 
(2.13, 
2.75) 

0.07 
(0.03, 
0.15) 

0.12 
(0.07, 
0.22) 

0.10 
(0.05, 
0.19) 

0.11 
(0.06, 
0.20) 

0.5 50 0.2 (small) 9.03 
(8.48, 
9.61) 

14.30 
(13.62, 
15.00) 

20.17 
(19.39, 
20.97 

29.59 
(28.70, 
30.50) 

2.78 
(2.47, 
3.13) 

3.19 
(2.86, 
3.56) 

3.45 
(3.11, 
3.83) 

3.35 
(3.01, 
3.73) 

0.5 50 0.5 (medium) 
0.00 

(0.00, 
0.05) 

0.01 
(0.00, 
0.06) 

0.01 
(0.00, 
0.06) 

0.06 
(0.00, 
0.14) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 100 0.2 (small) 2.21 
(1.94, 
2.52) 

4.10 
(3.72, 
4.51) 

6.86 
(6.38, 
7.38) 

14.01 
(13.34, 
14.71) 

0.37 
(0.26, 
0.52) 

0.43 
(0.32, 
0.58) 

0.46 
(0.34, 
0.62) 

0.41 
(0.30, 
0.56) 

0.5 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

*10,000 meta-analyses were simulated and for each meta-analysis 10 trials were pooled; †percentage and the corresponding 95% CI; ch=change value (i.e. final value – baseline value); 
f=final value; ns=non-significant; ns-WMD=non-significant WMD; s=significant; s-WMD=significant WMD; WMD=weighted mean difference.  
Scenario of concern (i.e. scenario where WMD is significant or non-significant depending on whether f, ch, or a combination of f and ch were used in the meta-analysis) is indicated by 
shading. When the percentage value in at least one cell is >10, the shading is dark (indicating greater concern) and if it is ≤10 but >3, the shading is light (indicating lesser concern). 
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Table 3: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e. 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.5 

Scenario Percentage† of Meta-Analyses Showing Pooled Estimates As: 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size 
(ES) 7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.1 10 0.2 (small) 7.00 
(6.51, 
7.52) 

9.58 
(9.01, 
10.18) 

11.19 
(10.58, 
11.83 

13.71 
(13.04, 
14.40) 

7.24 
(6.74, 
7.77) 

9.39 
(8.83, 
9.98) 

11.02 
(10.42, 
11.65) 

13.56 
(12.90, 
14.25) 

0.1 10 0.5 (medium) 3.89 
(3.52, 
4.29) 

5.12 
(4.70, 
5.57) 

6.13 
(5.67, 
6.62) 

7.07 
(6.58, 
7.59) 

4.43 
(4.04, 
4.86) 

5.75 
(5.31, 
6.23) 

6.85 
(6.37, 
7.37) 

7.91 
(7.39, 
8.46) 

0.1 10 0.9 (large) 0.01 
(0.00, 
0.06) 

0.01 
(0.00, 
0.06) 

0.01 
(0.00, 
0.06) 

0.00 
(0.00, 
0.05) 

0.02 
(0.00, 
0.08) 

0.02 
(0.00, 
0.08) 

0.03 
(0.00, 
0.10) 

0.03 
(0.00, 
0.10) 

0.1 50 0.2 (small) 5.80 
(5.35, 
6.28) 

7.72 
(7.21, 
8.26) 

8.99 
(8.44, 
9.57) 

10.56 
(9.97, 
11.18) 

6.02 
(5.57, 
6.51) 

7.74 
(7.23, 
8.29) 

9.27 
(8.71, 
9.86) 

11.10 
(10.49, 
11.74) 

0.1 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 100 0.2 (small) 0.73 
(0.58, 
0.92) 

0.93 
(0.76, 
1.14) 

1.04 
(0.85, 
1.26) 

1.11 
(0.92, 
1.34) 

0.82 
(0.66, 
1.02) 

1.03 
(0.85, 
1.25) 

1.17 
(0.97, 
1.41) 

1.30 
(1.09, 
1.55) 

0.1 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 10 0.2 (small) 6.95 
(6.46, 
7.47) 

9.21 
(8.65, 
9.80) 

10.81 
(10.21, 
11.44) 

13.13 
(12.48, 
13.81) 

7.13 
(6.64, 
7.66) 

9.15 
(8.60, 
9.74) 

10.82 
(10.22, 
11.45) 

13.19 
(12.54, 
13.87) 
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Table 3: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e. 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.5 

Scenario Percentage† of Meta-Analyses Showing Pooled Estimates As: 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size 
(ES) 7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.3 10 0.5 (medium) 4.18 
(3.80, 
4.60) 

5.51 
(5.07, 
5.98) 

6.60 
(6.13, 
7.11) 

7.43 
(6.93, 
7.97) 

5.37 
(4.94, 
5.83) 

6.92 
(6.43, 
7.44) 

8.44 
(7.91, 
9.01) 

9.81 
(9.24, 
10.41) 

0.3 10 0.9 (large) 0.01 
(0.00, 
0.06) 

0.02 
(0.00, 
0.08) 

0.02 
(0.00, 
0.08 

0.00 
(0.00, 
0.05) 

0.06 
(0.02, 
0.14) 

0.08 
(0.04, 
0.16) 

0.08 
(0.04, 
0.16) 

0.09 
(0.04, 
0.18) 

0.3 50 0.2 (small) 5.80 
(5.35, 
6.28) 

7.72 
(7.21, 
8.26) 

8.92 
(8.37, 
9.50) 

10.49 
(9.90, 
11.11) 

6.59 
(6.12, 
7.10) 

8.52 
(7.89, 
9.09) 

10.14 
(9.56, 
10.75) 

12.33 
(11.70, 
12.99) 

0.3 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 100 0.2 (small) 0.86 
(0.69, 
1.07) 

1.13 
(0.94, 
1.36) 

1.16 
(0.96, 
1.39) 

1.16 
(0.96, 
1.39) 

1.04 
(0.85, 
1.26) 

1.21 
(1.01, 
1.45) 

1.38 
(1.16, 
1.63) 

1.55 
(1.32, 
1.82) 

0.3 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 10 0.2 (small) 6.76 
(6.28, 
7.27) 

8.91 
(8.36, 
9.49) 

10.45 
(9.86, 
11.07) 

12.56 
(11.92, 
13.23) 

6.99 
(6.50, 
7.51) 

8.98 
(8.43, 
9.56) 

10.49 
(9.90, 
11.11) 

12.85 
(12.20, 
13.53) 

0.5 10 0.5 (medium) 4.59 
(4.19, 
5.02) 

5.77 
(5.32, 
6.25) 

6.89 
(6.41, 
7.41) 

7.74 
(7.23, 
8.29) 

6.34 
(5.87, 
6.84) 

8.27 
(7.74, 
8.83) 

9.84 
(9.27, 
10.44) 

11.68 
(11.06, 
12.33) 

0.5 10 0.9 (large) 0.10 0.04 0.05 0.07 0.17 0.18 0.21 0.22 



Caveats in the Meta-Analyses of Continuous Data: A Simulation Study 14 

Table 3: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e. 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.5 

Scenario Percentage† of Meta-Analyses Showing Pooled Estimates As: 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size 
(ES) 7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

(0.05, 
0.19) 

(0.01, 
0.11) 

(0.02, 
0.12) 

(0.03, 
0.15) 

(0.10, 
0.28) 

(0.11, 
0.29) 

(0.13, 
0.33) 

(0.14, 
0.34) 

0.5 50 0.2 (small) 5.91 
(5.46, 
6.39) 

7.65 
(7.14, 
8.19) 

8.90 
(8.35, 
9.48) 

10.55 
(9.96, 
11.17) 

6.97 
(6.48, 
7.49) 

8.91 
(8.36, 
9.49) 

10.83 
(10.23, 
11.46) 

13.09 
(12.44, 
13.77) 

0.5 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 100 0.2 (small) 0.91 
(0.74, 
1.12) 

1.25 
(1.05, 
1.49) 

1.34 
(1.13, 
1.59) 

1.34 
(1.13, 
1.59) 

1.23 
(1.03, 
1.47) 

1.54 
(1.31, 
1.81) 

1.70 
(1.46, 
1.98) 

1.96 
(1.70, 
2.26) 

0.5 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

*10,000 meta-analyses were simulated and for each meta-analysis 10 trials were pooled; †percentage and the corresponding 95% CI; ch=change value (i.e., final value – baseline 
value); f=final value; ns=non-significant; ns-WMD=non-significant WMD; s=significant; s-WMD=significant WMD; WMD=weighted mean difference. 
 
Scenario of concern (i.e. scenario where WMD is significant or non-significant depending on whether f, ch, or a combination of f and ch were used in the meta-analysis) is indicated by 
shading. When the percentage value in at least one cell is >10, the shading is dark (indicating greater concern) and if it is ≤10 but >3, the shading is light (indicating lesser concern). 
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Table 4: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.9 

Scenario Percentage† of Meta-Analyses Showing Pooled Estimates As: 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size (ES) 
7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.1 10 0.2 (small) 5.31 
(4.88, 
5.77) 

 4.76 
(4.35, 
5.20) 

4.09 
(3.71, 
4.50) 

2.72 
(2.41, 
3.06) 

27.38 
(26.51, 
28.27) 

40.89 
(39.93, 
41.86) 

50.06 
(49.08, 
51.04) 

60.12 
(59.15, 
61.08) 

0.1 10 0.5 (medium) 0.05 
(0.02, 
0.12) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

11.14 
(10.53, 
11.78) 

11.33 
(10.72, 
11.97) 

11.33 
(10.72, 
11.97) 

11.33 
(10.72, 
11.97) 

0.1 10 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.03 
(0.00, 
0.10) 

0.03 
(0.00, 
0.10) 

0.03 
(0.00, 
0.10) 

0.03 
(0.00, 
0.10) 

0.1 50 0.2 (small) 0.13 
(0.07, 
0.23) 

0.01 
(0.00, 
0.06) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

18.46 
(17.71, 
19.24) 

18.95 
(18.19, 
19.74) 

18.99 
(18..23, 
19.78) 

18.99 
(18.23, 
19.78) 

0.1 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 100 0.2 (small) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

1.38 
(1.16, 
1.63) 

1.38 
(1.16, 
1.63) 

1.38 
(1.16, 
1.63 

1.38 
(1.16, 
1.63) 

0.1 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.1 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 10 0.2 (small) 5.20 
(4.78, 
5.66) 

4.54 
(4.14, 
4.97) 

3.81 
(3.45, 
4.21) 

2.46 
(2.17, 
2.79) 

26.75 
(25.89, 
27.63) 

39.74 
(38.78, 
40.71) 

49.67 
(48.69, 
50.65) 

59.63 
(58.66, 
60.59) 
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Table 4: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.9 

Scenario Percentage† of Meta-Analyses Showing Pooled Estimates As: 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size (ES) 
7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.3 10 0.5 (medium) 0.05 
(0.02, 
0.12) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

14.33 
(13.65, 
15.04) 

14.78 
(14.09, 
15.49) 

14.80 
(14.11, 
15.51) 

14.80 
(14.11, 
15.51) 

0.3 10 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.06 
(0.02, 
0.14) 

0.06 
(0.02, 
0.14) 

0.06 
(0.02, 
0.14) 

0.06 
(0.02, 
0.14) 

0.3 50 0.2 (small) 0.19 
(0.12, 
0.30) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

19.61 
(18.84, 
20.40) 

20.34 
(19.56, 
21.15) 

20.39 
(19.61, 
21.20) 

20.39 
(19.61, 
21.20) 

0.3 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 100 0.2 (small) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

1.82 
(1.57, 
2.11) 

1.82 
(1.57, 
2.11) 

1.82 
(1.57, 
2.11) 

1.82 
(1.57, 
2.11) 

0.3 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.3 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 10 0.2 (small) 4.99 
(4.58, 
5.44) 

4.34 
(3.95, 
4.76) 

3.63 
(3.28, 
4.02) 

2.32 
(2.04, 
2.64) 

26.08 
(25.22, 
26.95) 

38.87 
(37.91, 
39.83) 

48.86 
(47.88, 
49.84) 

59.11 
(58.14, 
60.07) 

0.5 10 0.5 (medium) 0.10 
(0.05, 
0.19) 

0.02 
(0.00, 
0.08) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

17.32 
(16.59, 
18.08) 

18.11 
(17.36, 
18.88) 

18.21 
(17.46, 
18.98) 

18.22 
(17.47, 
18.99) 
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Table 4: Percentage of meta-analyses* where the significance of WMD obtained using final values (10f) differed from that obtained 
using other data types (i.e., 7f3ch, 5f5ch, 3f7ch, or 10ch). Correlation coefficient (ρ)=0.9 

Scenario Percentage† of Meta-Analyses Showing Pooled Estimates As: 
s-WMD Using 10f and ns-WMD Using: ns-WMD Using 10f and s-WMD Using: Coefficient 

of Variation 
(CV) 

Number of 
Participants 
in Each 
Group (N) 

Effect Size (ES) 
7f3ch 5f5ch 3f7ch 10ch 7f3ch 5f5ch 3f7ch 10ch 

0.5 10 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.27 
(0.18, 
0.40) 

0.27 
(0.18, 
0.40) 

0.27 
(0.18, 
0.40) 

0.27 
(0.18, 
0.40) 

0.5 50 0.2 (small) 0.21 
(0.13, 
0.33) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

21.29 
(20.49, 
22.11) 

22.20 
(21.39, 
23.03) 

22.28 
(21.47, 
23.11) 

22.28 
(21.47, 
23.11) 

0.5 50 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 50 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 100 0.2 (small) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

2.22 
(1.94, 
2.53) 

2.22 
(1.94, 
2.53) 

2.22 
(1.94, 
2.53) 

2.22 
(1.94, 
2.53) 

0.5 100 0.5 (medium) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.5 100 0.9 (large) 0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

0.00 
(0.00, 
0.05) 

*10,000 meta-analyses were simulated and for each meta-analysis 10 trials were pooled; †percentage and the corresponding 95% CI; ch=change value (i.e., final value – baseline 
value); f=final value; ns=non-significant; ns-WMD=non-significant WMD; s=significant; s-WMD=significant WMD; WMD=weighted mean difference. 
 
Scenario of concern (i.e. scenario where WMD is significant or non-significant depending on whether f, ch, or a combination of f and ch were used in the meta-analysis) is indicated by 
shading. When the percentage value in at least one cell is >10, the shading is dark (indicating greater concern) and if it is ≤10 but >3, the shading is light (indicating lesser concern). 
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Table 5: Summary of the different scenarios (i.e. summary of Tables 2, 3 and 4)            
with scenarios of concern indicated. 

Scenario 
ρ→ 0.1 0.1 0.1 0.5 0.5 0.5 0.9 0.9 0.9 

CV → 0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5 
N ↓ ES ↓          
10 0.2 (small)          
10 0.5 (medium)          
10 0.9 (large)          
50 0.2 (small)          
50 0.5 (medium)          
50 0.9 (large)          
100 0.2 (small)          
100 0.5 (medium)          
100 0.9 (large)          

CV=coefficient of variation; ES=effect size; N=number of patients in each group; ρ=correlation coefficient. 
 
Scenario of concern (i.e. scenario where WMD is significant or non-significant depending on whether f, ch, or a combination of f and 
ch were used in the meta-analysis) is indicated by shading (darker shading indicates greater concern). When the percentage value 
in at least one cell of a row (in Tables 2, 3 or 4) is >10, the shading is dark (indicating greater concern) and if it is ≤10 but >3, the 
shading is light (indicating lesser concern). 
 
 
5 DISCUSSION 
This simulation study was undertaken to address the important issue of how summary estimates of 
continuous outcome data using the WMD approach were affected when different reporting structures 
of trial-level data (i.e. different data types) were used for meta-analysis. The results of this study 
provide valuable insights into the potential problems and limitations of the method of analysis chosen 
in different scenarios. When the sample size was small or the effect size was small, the significance 
of the WMD value obtained from a meta-analysis could be different depending on the method used 
(i.e., whether final values, change values, or a combination of final and change values were used). 
This was more of an issue when the ρ was either low or high, as compared to that when the ρ was 
moderate. However, when the sample size was large (i.e. N≥100) and the effect size was large, it did 
not matter which method was used. 
 
When the sample size is small and the effect size is small, then the data could be transformed to one 
particular type. This depends on sufficient information being available or being imputed. 6-8 
Otherwise a sensitivity analysis of final and change values should be conducted and interpreted to 
determine the robustness of results based on the different summary statistics. 
 
Our results show that when correlation was low, the 95% CI of the WMD was wider (indicating 
greater variation) when change values were used for the analysis, as compared to that when final 
values were used. When correlation was high, the reverse was observed. This reflects the fact that the 
variance of two highly correlated measures is generally less than that of a single measure with greater 
variation. Our results are in agreement with those of Vickers et al.9 They reported that if correlation 
is low, using the change score will add variation to the results and the follow-up score is more likely 
to show a significant result, and when correlation is high the reverse will occur. When the correlation 



Caveats in the Meta-Analyses of Continuous Data: A Simulation Study 19

was moderate (ρ=0.5), the 95% CI was almost similar between the different methods used (i.e. the 
various data types used in the meta-analyses).  
  
The results presented in this report were based on meta-analyses including 10 RCTs. The number of 
RCTs included in a meta-analysis will vary depending on the area (e.g., disease state, intervention, 
population) of the study because in some areas large numbers of trials have been conducted, but in 
some areas only a few trials have been conducted. To capture all such cases would be a 
computationally difficult task. For this report, it was determined that 10 trials represented a 
reasonable compromise of the number of small versus large trials that one may have available for a 
meta-analysis. It also allowed a number of different combinations of data types (i.e. final and change) 
to be investigated. In reality, there could be many different scenarios which could be described by a 
wide range of parameter values; however, it is not feasible to address all possible scenarios. Hence a 
number of parameter values were chosen to reflect relevant and interesting scenarios that are likely to 
occur. 
 
Note that the CI limits shown in Figures 1 to 3 represent the mean limits obtained from 10,000 meta-
analyses. Hence the proportion of meta-analyses with CI encompassing zero (i.e. meta-analyses 
showing ns-WMD values) would not be apparent from these figures unless the proportion was 
substantial. This explains why for some scenarios, Tables 2 to 4 indicate that there were ns-WMDs, 
which were not apparent in the figures. For example in Figure 1(b) for scenario with ρ=0.1, ES=0.5, 
CV=0.1, and N=10, the 95% CI using change values (10ch) does not encompass zero, although Table 
2 shows that 25% of the meta-analyses using change values (10ch) had ns-WMD when the 
corresponding meta-analyses using final values (10f) had s-WMD. 
 
 
6 CONCLUSION 
When the ρ was high, the 95% CI for WMD was wider (indicating greater variation) when the meta-
analysis was conducted using all final values as compared to that when all change values were used 
in the meta-analysis. When the ρ was low the reverse was true. 
 
When the sample size was small or the effect size was small, the significance of the WMD value 
obtained from a meta-analysis could be different in some scenarios, depending on the method used. 
Such scenarios call for caution. But when the sample size was large and when the effect size was 
large, it did not matter which method was used. 
 
The results of this study provide valuable insights into the potential problems and limitations of the 
method of analysis chosen in different scenarios.     
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APPENDIX 1: Parameter Values for the Different 
Scenarios Simulated with Number of Participants (N) 
in Each Group Being 10 
 

Experimental 
and Control 

Groups 

Experimental 
Group 

Control Group 

Baseline Value Final Value Final Value 

Scenario Coefficient 
of 

Variation 
(CV) 

Effect 
Size 
(ES) 

Correlation 
Coefficient 

(ρ) 

Mean SD Mean SD Mean SD 
1 0.1 0.2 0.1 100 10 102 10.2 100 10 
2 0.1 0.2 0.5 100 10 102 10.2 100 10 
3 0.1 0.2 0.9 100 10 102 10.2 100 10 
4 0.1 0.5 0.1 100 10 105 10.5 100 10 
5 0.1 0.5 0.5 100 10 105 10.5 100 10 
6 0.1 0.5 0.9 100 10 105 10.5 100 10 
7 0.1 0.9 0.1 100 10 109 10.9 100 10 
8 0.1 0.9 0.5 100 10 109 10.9 100 10 
9 0.1 0.9 0.9 100 10 109 10.9 100 10 

10 0.3 0.2 0.1 100 30 106 31.8 100 30 
11 0.3 0.2 0.5 100 30 106 31.8 100 30 
12 0.3 0.2 0.9 100 30 106 31.8 100 30 
13 0.3 0.5 0.1 100 30 115 34.5 100 30 
14 0.3 0.5 0.5 100 30 115 34.5 100 30 
15 0.3 0.5 0.9 100 30 115 34.5 100 30 
16 0.3 0.9 0.1 100 30 127 38.1 100 30 
17 0.3 0.9 0.5 100 30 127 38.1 100 30 
18 0.3 0.9 0.9 100 30 127 38.1 100 30 
19 0.5 0.2 0.1 100 50 110 55.0 100 50 
20 0.5 0.2 0.5 100 50 110 55.0 100 50 
21 0.5 0.2 0.9 100 50 110 55.0 100 50 
22 0.5 0.5 0.1 100 50 125 62.5 100 50 
23 0.5 0.5 0.5 100 50 125 62.5 100 50 
24 0.5 0.5 0.9 100 50 125 62.5 100 50 
25 0.5 0.9 0.1 100 50 145 72.5 100 50 
26 0.5 0.9 0.5 100 50 145 72.5 100 50 
27 0.5 0.9 0.9 100 50 145 72.5 100 50 
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APPENDIX 2A: Weighted Mean Difference (N = 10) 
Means of the weighted mean difference (WMD) and 95% confidence interval (CI) obtained from 
10,000 meta-analyses are plotted at three values of the correlation coefficient (ρ=0.1, 0.5, 0.9). At 
each value of ρ there are a set of five meta-analyses results, starting from the left with results 
obtained using 10f (■), 7f3ch (▲), 5f5ch (▼), 3f7ch (♦), and 10ch (●). For each meta-analysis 10 
RCTs were pooled and each RCT had 10 participants (N=10) in each group (i.e. a total of 20 
participants). Graphs for coefficient of variation (CV)=0.5  
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APPENDIX 2B: Weighted Mean Difference (N = 50) 
Means of the WMD and 95% CI obtained from 10,000 meta-analyses are plotted at three values of ρ 
(ρ=0.1, 0.5, 0.9). At each value of ρ there are a set of five meta-analyses results; starting from the left 
with results obtained using 10f (■), 7f3ch (▲), 5f5ch (▼), 3f7ch (♦), and 10ch (●). For each meta-
analysis 10 RCTs were pooled and each RCT had 50 participants (N=50) in each group (i.e. a total of 
100 participants). Graphs for CV=0.5  
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APPENDIX 2C: Weighted Mean Difference (N = 100) 
Means of the WMD and 95% CI obtained from 10,000 meta-analyses are plotted at three values of 
the ρ (ρ=0.1, 0.5, 0.9). At each value of ρ there are a set of five meta-analyses results, starting from 
the left with results obtained using 10f (■), 7f3ch (▲), 5f5ch (▼), 3f7ch (♦), and 10ch (●). For each 
meta-analysis 10 RCTs were pooled and each RCT had 100 participants (N=100) in each group (i.e. 
a total of 200 participants). Graphs for CV=0.5    
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APPENDIX 3: Equations for Calculations 
a) Bias 
 

Bias=Mean of WMD - True MD = Mean of WMD – Effect size×SDbaseline 
   
b) 95% confidence interval (CI) for proportion (ρ): 
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where in the present case n=number of meta-analyses; q=1-ρ, and z α/2=1.96 

 


