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Introduction

Meta-analysis

• Meta-analysis is a method of statistically combining results of similar 
studies, often randomized controlled trial.  

• The measure of treatment effect is depend on type of outcome.

1 Binary outcomes

The difference

The raXo

Risk difference

Odds or risk ratio

2 Continuous outcomes

The difference in means 

SMD or USMD

Abbreviation: SMD ,standardized mean difference; USMD, unstandardized mean difference
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Introduction

Prepare Data Before Pooling in Direct meta-analysis

ConXnuous Outcomes

Standardized mean difference 
(SMD)

• Different unit or different scale 
of measurements

Depend on “Type of measurements”

Pooling data      •USMD or SMD •SE of USMD or SMD

Abbreviation: SMD ,standardized mean difference; USMD, unstandardized mean difference

Unstandardized mean difference 
(USMD)

• Identical unit or same scale      
of measurements
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The therapist finds these results difficult to interpret     
and not easy to explain to the parent and child. 

Clinical Scenario

• A child and her parent present to the clinic to discuss anxiety 
symptoms that the child has had for over a year. 

• The therapist talks with the parent and child about the 
possibility of starting a selective serotonin reuptake inhibitor 
(SSRI). 

• A systematic review comparing SSRIs with placebo has shown 
that SSRIs reduce anxiety symptoms by a standardized mean 
difference (SMD) of −0.65 (95% confidence interval −1.10 to −0.21).
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Problem

, 

• Outcomes of importance to patients, such as quality of life, severity 
of anxiety or depression, and pain score are often measured using 
different scales.

• The best esXmate for decision makers is usually the pooled esXmate 
from the meta-analysis which has the highest precision.

QoL in cancer patients

Health survey 36Health survey 12

The European quality of life 5 dimensions
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Problem

, 

• Pooling outcomes across the studies is challenging because they are 
measured using different scales.

• Pooling the results of each scales independently is undesirable. 

• It does not allow all the available evidence to be included and 
can lead to imprecise esXmates.

• Only a few studies would be included leading to an overall small 
sample size and wide confidence interval.

• As long as the different scales represent the same construct, pooling 
outcomes across the studies is needed.  

7



Approaches

, 

• Before the meta-analysis

• Back transform data to an original scale and then meta-analysis 
by using pooled effect measure as the weighted average of mean 
differences (USMD).

• After the meta-analysis

• Generation of SMD; Cohen’s d, Hedge’s d

• Based on individual trial summary statistics and established 

• Minimally important differences (MIDs)

• Ratio of means (ROM)

• Conversion to binary relative and absolute measures

For meta-analyzing conXnuous outcomes measured using mulXple scales
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Methods for Approaches

, 

Meta-analyzing continuous outcomes measured using multiple scales

Standardized Mean Difference SMD

Minimally Importance Difference MIDs

Ratio of Means ROM

Conversion to binary relaXve and absolute measures
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Methods for Approaches

, 

Meta-analyzing continuous outcomes measured using multiple scales

Table 1 | Data from five trials evaluating SSRIs for childhood anxiety 

Trial
SSRIs Placebo

Scale
Sample size Mean (SD) Sample size Mean (SD)

Trial presenting results as continuous outcomes

Trial 1 100 8 (4) 100 12 (3) Pediatric anxiety rating scale

Trial 2 250 7.5 (3) 250 11 (2) Pediatric anxiety rating scale

Trial 3 200 20 (15) 200 35 (15) Screen for child anxiety related emotional disorders

Trial 4 150 21 (11) 150 31 (12) Screen for child anxiety related emotional disorders

Trial presenting results as binary outcomes

Trial 5 300 150* 300 100* No scale data

SSRIs = selective serotonin reuptake inhibitor
*Number who improved 10
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, 

• SMD is a common approach for combining outcomes from studies 
that used different scales is to standardize the outcomes. 

• Express outcome in multiples of standard deviations.

• Make the outcomes “unitless” or have the same unit.

• Approach by 

• Dividing the mean difference between the intervention and 
control in each study by the study’s pooled standard deviation 
of the two groups.

Standardized Mean Difference SMD1
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, he

• The SMD is jusXfied based on 1 of the following 2 arguments;

• Outcome measures across studies may be interpreted as linear 
transformaXons of each other.

• SMD may be considered to be the difference between two 
distribuXons of disXnct clusters of scores.

• For the standard deviaXon (SD) to be used as a scaling factor, 
between study variaXon in SD is assumed to

• Only reflect difference in measurement scales.

• Not differences in the reliability of outcome measures or 
variability among study populaXon.   

Standardized Mean Difference SMD1
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Two commonly used methods to derive the SMD

*Includes a correction for small sample size 

Cohen’s d Hedge’s g

AbbreviaXon: 
d = standardized mean difference
x̄ = mean of each group
Sp = pooled standard devia?on from the two groups
SEd = standard error of Cohen’s d
n = sample size in each group

Abbreviation: 
J = bias correction factor for small sample size
g = Hedge’s g
d = standardized mean difference
SEg = standard error of Hedge’s g
n = sample size in each group

Standardized Mean Difference SMD1
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The SMD methods can be complemented by

3 additional approached;

Back transform SMD to original scale/natural units

I Provide a judgment about size effect

II Transform SMD to odds ratios

III

Standardized Mean Difference SMD1
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Used cut-off points for the magnitude of a standardized effect

Small effect0.20

Moderate effect0.50

Large effect0.80

I Provide a judgement about size effect

Standardized Mean Difference SMD1
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Interpretation: 
Compared with placebo, SSRIs reduce anxiety symptoms by 1.10 standard deviations 
of anxiety scale which is consistent with a large effect.

Standardized Mean Difference SMD1
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Transform SMD to odds ratiosII
• Converting SMD to odds ratios 
• Advantage of this approach 

• Able to combine studies that present the outcome in a binary fashion 
with studies that present the results on a continuous scale. 

Continuous outcome

Binary outcome

Standardized Mean Difference SMD1

17



, he

Transform SMD to odds ratiosII

• The 2 groups being compared follow normal distribuXons with popular means (μ0 and μ1) 
and equal variance (σ2) for conXnuous outcomes. 

• The normal distribuXon can be approximated by the logisXc distribuXon with the same 
means and the same variance.

• The cumulative distribution functions of the logistic distributions of the 2 groups are: 

and S = Scale parameter determining the variance 
μ0 and μ1 = The loca?on of parameters describing the means

Assumptions of converting SMD to odds ratios : 

• The variance of each logisXc distribuXon is: 
Thus

Standardized Mean Difference SMD1
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Transform SMD to odds ratiosII
• If we obtain counts in a 2 x 2 table based on a specific cut-off point (c) and express the 

results as odds ratios from this 2 x 2 table, the properties of the logistic distribution imply 
that the log odds for the 2 groups are: 

and

• Therefore, the log OR is their difference, that is: 

Final equation: 
SMD to ln OR

ln OR to SMD

= approximate  1.81

= 1.81 x SMD

= ln OR / 1.81

Note;

Standardized Mean Difference SMD1
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S = Scale parameter determining the variance 
μ0 and μ1 = The location of parameters describing the means
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Transform SMD to odds ratiosII
InterpretaXon 
• Based on the characterisXcs of logisXc distribuXon, the calculated 

odds raXo is invariant to the cut-off point.

• This odds raXo can be interpreted as 
• The raXo of the odds of paXents with a measure higher than 

any specific cut-off point to those with a lower measure. 
• Applies to any cut-off point of the conXnuous data.

• The cut-off point defining the magnitude of improvement can be 
determined by pracXXoners to represent a meaningful change. 

Standardized Mean Difference SMD1
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Applied to the example of SSRIs for anxiety of children

• The first 4 trials in table 1 provide the mean, standard deviation, and sample size for 
each study arm with used 2 different scales.

• Data from each trial are standardized by dividing the difference in means by the 
pooled standard deviation.

• The 5th trial presenting as binary outcomes, so we need to calculate the odds ratio.

I. Standardized Mean difference (SMD)

Standardized Mean Difference SMD1
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Applied to the example of SSRIs for anxiety of children

• The odds ratio from the 5th trial is 2.00 (95% confidence interval 1.42 to 2.82).

Trial 5: Binary outcome

SSRIs

Placebo

Improved Not improved

150 150

100 200

• Using the equation ln(OR)=(π/√3)*SMD and 
multiplying by –1 (because a higher score suggests 
a worsening of symptoms).

• This odds ratio is converted to SMD of

–0.38 (95% confidence interval –0.57 to –0.19) 

• Then, SMDs of all five trials were pooled in a random effects meta-analysis.

Standardized Mean Difference SMD1
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SMDs of all 5 trials were pooled and give a final SMD of -0.95 (95%CI; -1.31 to -0.59)
Interpretation: 
Compared with placebo, SSRIs reduce anxiety symptoms by 0.95 standard deviations of anxiety 
scale which is consistent with a large effect.

Standardized Mean Difference SMD1
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That is, an odds ratio of 5.56 (95% confidence interval 2.89 to 10.71) 
Interpretation: 
The odds of improvement in anxiety symptoms after taking SSRIs are approximately 
six times higher compared with taking placebo.

• This pooled SMD of the five trials can also be expressed as an odds raXo using

II. Odds ratio derived from SMD

Applied to the example of SSRIs for anxiety of children

From all 5 trials, a final SMD of -0.95 (95%CI; -1.31 to -0.59)

SMD to ln OR

= approximate  1.81

= 1.81 x SMD

Note;

EquaXon: 

Standardized Mean Difference SMD1
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Back transform SMD to original scale/natural unitsIII
• SMDs can be made more clinically relevant by translaXng back to scales 

which clinicians are more familiar.

• This rescaling is done by mulXplying the SMD by the standard deviaXon of 
the specific scale and possible to perform before conducXng the meta-
analysis.

• The SD used is the pooled standard deviaXon of baseline scores in 

• One of the included trails (the largest or more representaXve) or 
• From the average value from several of the trials or 
• From a more representaXve observaXonal study.

Standardized Mean Difference SMD1
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Applied to the example of SSRIs for anxiety of children

• The SMD is transformed back to the natural units of the Pediatric Anxiety Rating Scale
by multiplying it by the pooled SD.

• This SD was obtained from an average of the pooled SD of the 2 trials.

• Sp of trial 1 = 3.53 , Sp of trial 2 = 2.54

III. TransformaXon to natural unit

An average of the Sp is 3.04 

Standardized Mean Difference SMD1
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Interpretation: 
Compared with placebo, SSRIs reduce anxiety symptoms by approximately 
three points on the Pediatric Anxiety Rating Scale.

• This SD  was obtained from an average of the pooled standard deviaXons 
of the first 2 trials, which here is 3.04

• This mulXplicaXon gives a mean reducXon of –2.88 with 95% confidence 
interval –3.98 to –1.79

Applied to the example of SSRIs for anxiety of children

From all 5 trials, a final SMD of -0.95 (95%CI; -1.31 to -0.59)

TransformaXon to natural unit

Standardized Mean Difference SMD1
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, 

MIDs is defined as 

“The smallest difference in score in the outcome of interest that informed 
paXents or informed proxies perceive as important, either beneficial or 
harmful, and wish wound lead the paXent or clinician to consider a 
change in the management”

• Meta-analysis might expressing the outcomes using MID units and then 
pooling the results.

• Advantages of the MID approach

• To reduce heterogeneity such observed with the SMD approach that 
caused by variability in the SD across studies.

• More intuitive interpretation can be made by clinicians and patients.

Minimally Importance Difference  2 MIDs
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MIDs are determined using 
• Anchor based methods

• Correlating the scale with other measures  or clinical classifications that 
are independent and well established.

• Distribution based methods
• MID is based either on variation between or within individuals, or the 

standard error of measurement.
• The MID corresponds to range from 0.20 to 0.50 standard deviations. 

The formula for expressing the difference in means using minimally important difference units 

Abbreviation: 
MD = mean difference
MID = minimally importance difference of a scale
SE = standard error

Gordon et al. Mayo Clin Proc. 2002;77:371-383

Minimally Importance Difference  2 MIDs
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Applied to the example of SSRIs for anxiety of children

• Assuming that the smallest change a patient can feel
Method

Pediatric Anxiety RaXng Scale 5 points 

Screen for Child Anxiety Related Emotional Disorders 10 points 

• The MD in each study is divided by the corresponding MID to obtain the 
difference between the 2 groups in MID units and the SE of the difference 
in MID units is then calculated.

Trial Mean difference Standard error Scale of MID Effect size in MID units SE in MID units
1 -4 0.50 5 -0.8 0.10
2 -3.5 0.23 5 -0.7 0.04
3 -15 1.50 10 -1.5 0.15
4 -10 1.33 10 -1.0 0.13

Expressing the difference in means using minimally important difference units 

Minimally Importance Difference  2 MIDs
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The differences in MID units are pooled to give a difference of –0.98 (95% CI; –1.28, –0.68) 
InterpretaIon: 
Compared with placebo, the reducXon in anxiety symptoms associated with SSRI use is 0.98 of     
the minimal amount of improvement that a paXent can feel.

Minimally Importance Difference  2 MIDs
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• A ratio of means (ROM), also called a response ratio in ecological research, is 
another simple way to present the results of continuous outcome.  
• Resulting in percentage that is 

• Unitless such the means of the 1st group are divided by the mean of the 
2nd group.
• Easy to understand.

Formula for expressing the results as raXo of means

Simple equation*

1

2

AbbreviaXon: 
ROM = ra?o of means
x̄ = mean of each group
S = standard devia?on in each group
n = sample size in each group

METHODS Or

ln(ROM)=0.392×SMD
*Derived empirically from 232 meta-analyses using linear regression between the 2 measures.
However, the coefficient of determinaXon was only R2=0.62

Meta-analysis is done 
using a log scale

Friedrich JO, et al. 2011.https://www.ncbi.nlm.nih.gov/pubmed/21447428

RaXo of Means  3 ROM
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Applied to the example of SSRIs for anxiety of children
Method

Each study
• Calculated ROM

• The mean of anxiety symptoms in the SSRIs group 
is divided by the mean in the placebo group

• Calculated the standard error of ln(ROM)

The natural logarithms of ROMs from each study are meta-analyzed using the random effects 
model and then exponenXated to give a pooled ROM.

Trial N1 Mean1 SD1 N2 Mean2 SD2 ROM lnROM SE (lnROM)
1 100 12 3 100 8 4 0.66666667 -0.4054651 0.0559017

2 250 11 2 250 7.5 3 0.68181818 -0.3829922 0.0277891

3 200 35 15 200 20 15 0.57142857 -0.5596157 0.0610808

4 150 31 12 150 21 11 0.67741935 -0.3894648 0.0531802

Effect size SE of Effect size

RaXo of Means  3 ROM

Placebo group SSRIs group
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A pooled ROM of 0.65 (95% confidence interval 0.61 to 0.70)
Interpretation: 
The average scores on anxiety symptom scales for patients who used SSRIs are 65% of the average 
symptom scores for patients who did not use SSRIs (thus better).

RaXo of Means  3 ROM
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• Various methods are available to convert conXnuous outcomes to probabiliXes, 
relaXve risks, risk differences, and odds raXo of treatment response including 
number needed to treat. 

Absolute Effect Generation4

• This odds ratio can be converted to a risk difference (or absolute risk reduction) 
and number needed to treat.

Calculating risk difference from odds ratio 

The upper and lower boundaries of the OR can be translated 
using the same equaXon to produce the upper and lower 
boundaries for the risk difference

**The equation of risk difference can be written in reverse (multiplied by –1) 

Abbreviation: 
OR = odds ratio
CER = control event rate (that is, baseline risk) 

The number needed to treat is the inverse of the risk differenceNNT
35

• A common method for this conversion was described by



, 

Absolute Effect GeneraXon4

Calculating risk difference (also called absolute risk reduction) from odds ratio 

The upper and lower boundaries of the OR can be translated 
using the same equaXon to produce the upper and lower 
boundaries for the risk difference

**The equation of risk difference can be written in reverse (multiplied by –1) 

AbbreviaXon: 
OR = odds ra?o
CER = CER = control event rate (that is, baseline risk) 

https://www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-OR1.php

CER 
Control Event Rate (Baseline risk)

Decision makers need to specify the source of the baseline risk, which can be 

Derived from well conducted observational studies with similar the target 
population.

Obtained baseline risk from the control arms of the trials included in the 
same meta-analysis (less desirable but easy option).

Derived baseline risk from a risk prediction model, if available. 
36
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Applied to the example of SSRIs for anxiety of children

Method

The odds ratio derived from the SMD was used as the relative effect of SSRIs.

Absolute Effect Generation4

From all 5 trials, a final SMD of -0.95 (95%CI; -1.31 to -0.59)

An odds ratio of 5.56 (95% confidence interval 2.89 to 10.71) 

37

A baseline risk is obtained from the placebo arm of the 5th trial:

Symptom improvement without SSRIs !𝟏𝟎𝟎
𝟑𝟎𝟎=

= 𝟎. 𝟑𝟑CER
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Applied to the example of SSRIs for anxiety of children

By using the odds raXo and the baseline risk

Absolute Effect Generation4

CER = 0.33
OR = 5.56
95%CI: Lower bound 2.89

Upper bound 10.71

The number needed to treat is 2.5 ~ 3
• For every 3 anxiety patients who received SSRIs, one patients will improve when 

compared to those who did not receive treatment.
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The resultant risk difference is -0.40 (95% confidence interval -0.26 to -0.51)
• In 100 patients with anxiety who do not receive treatment, 33 will improve. 
• However, when 100 patients with anxiety receive SSRIs, 73 will improve (difference of 

40 attributable to treatment with SSRIs).  

The number needed to treat = 1/Risk difference è 1/0.40 = 2.5



Summary Results

, 

Applied to the example of SSRIs versus placebo for anxiety of children

SMD 

MIDs  

ROM 

Conversion to binary relative and absolute measures

-0.95

Effect size 95%CI I2(%)

-1.31, -0.59Derived SMD

Odds  raXo derived from SMD

92.62

5.56 2.89, 10.71 -

Transform to natural unit -2.88 -3.98, -1.79 -

Comment

Cohen’s method

Odds of improvement

Pediatric anxiety rating scale

89.58 Reduction in 0.98 of  minimal 
amount of improvement

-0.98 -1.28, -0.68The difference in MID units

57.71 65% of average symptoms 
score 

0.65 0.61, 0.70ROM

- 40 axributable to SSRIs-0.40 -0.26, -0.51Risk difference
- For every 3 paXents use SSRIS, 

1 paXent will improve
3 -Number needed to treat
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Discussion & Summary  

, 

• Meta-analysis of continuous outcomes is challenged when individual studies 
use multiple instruments with different scales and units. 
• Several methods are available to deal with this issue but each of these 

methods has statistical or conceptual limitations.

SMD Standardized Mean Difference
Advantages

Allow pooling of studies expressed in different units.
Easy to calculated but required knowledge of pooled SD. 

Disadvantage
Difficult to interpret the results.
Ozen associated with heterogeneity because of variaXon in the SDs across trials. 
The variance of the SMD, which impacts meta-analysis weights, is not independent of the 
magnitude of the SMD (larger SMDs tend to have larger variances and thus lower weights).
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Converting SMD to odds ratio
Advantages

Able to combine studies that present the outcome in a binary fashion with studies that 
present the results on a continuous scale. 

Disadvantage
The resultant odds ratio dependent on the cut-off point and further complicates intuitive 
interpretation.
When the effect size is extreme, the conversion to an odds ratio may be poor. 

Transformation to natural units
Advantages

SMDs can be made more clinically relevant in the original scales which clinicians are more 
familiar.

Disadvantage
Linear transformaXon may not be valid when the instruments have different measurement 
scales.
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MID Minimally Importance Difference
Advantages

To reduce heterogeneity such heterogeneity observed with the SMD approach that caused 
by variability in the standard deviaXon across studies.
More intuiXve interpretaXon can be made by clinicians and paXents.

Disadvantage
The MID is not always known for many scales.

ROM Ratio of Means
Advantages

Presenting in percentage with unitless which is easy to understand.
Show similar treatment effect and no large difference in heterogeneity compared with 
other methods.

Disadvantage
The ROM cannot be used with change data, which can have a negaXve value.
The ROM is also criXcized for having a mulXplicaXve nature but the interpretaXon may not 
be appropriate. 42
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CONCLUSION
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Discussion & Summary  

When Continuous Outcomes Are Measured 
Using Different Scales:
Guide for meta-analysis and interpretation

Not all of the described methods have been implemented in the 
commonly used meta-analysis software packages and may require 

statistical coding. 
It is important to reiterate that for any of these methods to be 
valid, the scales or instruments being combined across studies 

need to have assessed the same or a similar construct. 

”



Take Home Message      
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Approach for meta-analyzing continuous outcomes measured using multiple scales

Derived SMD Cohen’s d or Hedge’s

*bias correction factor for small sample size

SMD methods can be complemented by 3 addiXonal approaches

1

• Back transform SMD to natural units

• Provide a judgment about size effect

• Transform SMD to odds ratios
0.20 0.50 0.80

SMD Small effect Moderate effect Large effect

SMD * Sp
*pooled SD from large trials or average 
from 2 trials with the same scale

2
Based on individual trial summary statistics

• Minimally important differences (MID)

• Ratio of means (ROM)

• Conversion to binary relaXve and absolute measures
or ln(ROM)=0.392×SMD

then then 1
RD

NNT	=
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