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Basic Ideas of Meta-analysis

• Combining multiple, similar studies

• To increase sample size

• Increasing statistical power
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Example 

Mammography clinical trial from Sweden, 1995

• Not screened: 19,943 Deaths: 45

• Screened: 40,318 Deaths: 66

• Risk Ratio: 0.73 95% CI: 0.50 – 1.06 
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Example 

Mammography clinical trial from Canada, 1997

• Not screened: 44,910 Deaths: 111

• Screened: 44,925   Deaths: 120   

• Risk Ratio: 1.08 95% CI: 0.84 – 1.40 
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Risk ratio
.496857 1 2.01265

Study  % Weight

 Risk ratio

 (95% CI)

 0.73 (0.50,1.06) 1  35.2

 1.08 (0.84,1.40) 2  64.8

 0.96 (0.77,1.18) Overall (95% CI)
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Systematic Review of Evidence

• Comprehensive

• Quality (higher validity) 

• Objective (higher reliability)

• Observational in character
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Meta-analysis of Evidence

• Similar methodology

• Same outcomes; sufficient numerical information

• Fixed-effect; random-effects
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Summary of Evidence

• No meta-analysis 

• With meta-analysis
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Risk ratio
.313031 1 3.19457

Study  % Weight

 Risk ratio

 (95% CI)

 0.73 (0.50,1.06) 1   6.3

 1.08 (0.84,1.40) 2  11.6

 0.96 (0.68,1.35) 3   6.9

 0.55 (0.31,0.95) 4   3.8

 0.58 (0.45,0.76) 5  14.7

 0.76 (0.61,0.95) 6  18.3

 0.79 (0.64,0.98) 7  20.3

 0.87 (0.70,1.08) 8  18.1

 0.80 (0.73,0.88) Overall (95% CI)
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Heterogeneity

• Content/methodological/clinical 

• Statistical 
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Overall  (I-squared = 0.0%, p = 1.000)

8

6

5

4

7

3

ID

Study

2

9

10

1

0.79 (0.73, 0.87)

0.78 (0.59, 1.03)

0.80 (0.60, 1.06)

0.82 (0.63, 1.08)

0.78 (0.59, 1.03)

0.79 (0.60, 1.04)

0.78 (0.59, 1.04)

RR (95% CI)

0.78 (0.59, 1.03)

0.82 (0.62, 1.09)

0.79 (0.60, 1.05)

0.79 (0.60, 1.05)

100.00

10.36

9.66

10.06

9.76

10.16

9.96

Weight

%

10.36

9.57

10.06

10.06

0.79 (0.73, 0.87)

0.78 (0.59, 1.03)

0.80 (0.60, 1.06)

0.82 (0.63, 1.08)

0.78 (0.59, 1.03)

0.79 (0.60, 1.04)

0.78 (0.59, 1.04)

RR (95% CI)

0.78 (0.59, 1.03)

0.82 (0.62, 1.09)

0.79 (0.60, 1.05)

0.79 (0.60, 1.05)

100.00

10.36

9.66

10.06

9.76

10.16

9.96

Weight

%

10.36

9.57

10.06

10.06

  
1.585 1 1.71

Example: Almost No Heterogeneity
(Simulated Data)
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Risk ratio
.313031 1 3.19457

Study  % Weight

 Risk ratio

 (95% CI)

 0.96 (0.68,1.35) 1   6.9

 1.08 (0.84,1.40) 2  11.6

 0.55 (0.31,0.95) 3   3.8

 0.73 (0.50,1.06) 4   6.3

 0.58 (0.45,0.76) 5  14.7

 0.76 (0.61,0.95) 6  18.3

 0.79 (0.64,0.98) 7  20.3

 0.87 (0.70,1.08) 8  18.1

 0.80 (0.73,0.88) Overall (95% CI)

Heterogeneity/Homogeneity test p = 0.038
Variation explained by heterogeneity = 53%

𝐼2 = 100 ×
𝑄 − 𝑑𝑓

𝑄

= 100 ×
14.87 − 7

14.87
= 53Meta-analysis_Fellows_Panuwat Lertsithichai,MD Slide 12/34
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Risk ratio
.313031 1 3.19457

Study  % Weight

 Risk ratio

 (95% CI)

 0.96 (0.68,1.35) 1   6.9

 1.08 (0.84,1.40) 2  11.6

 0.55 (0.31,0.95) 3   3.8

 0.73 (0.50,1.06) 4   6.3

 0.58 (0.45,0.76) 5  14.7

 0.76 (0.61,0.95) 6  18.3

 0.79 (0.64,0.98) 7  20.3

 0.87 (0.70,1.08) 8  18.1

 0.80 (0.73,0.88) Overall (95% CI)

Fixed Effects (Samples from 1 Population)
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Risk ratio
.313031 1 3.19457

Study  % Weight

 Risk ratio

 (95% CI)

 0.96 (0.68,1.35) 1  10.3

 1.08 (0.84,1.40) 2  13.9

 0.55 (0.31,0.95) 3   5.3

 0.73 (0.50,1.06) 4   9.2

 0.58 (0.45,0.76) 5  13.8

 0.76 (0.61,0.95) 6  15.5

 0.79 (0.64,0.98) 7  16.2

 0.87 (0.70,1.08) 8  15.9

 0.79 (0.69,0.92) Overall (95% CI)

Random Effects (Samples from “Multiple” Populations)
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Association between surgical margins and local recurrence in patients with DCIS

All are 
Observational 
Studies
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NOTE: Weights are from random effects analysis

Overall  (I-squared = 47.6%, p = 0.010)

1mm

1mm

1mm

2mm

1mm

10mm

1mm

3-5mm

10mm

Study

2mm

10mm

2mm

10mm

2mm

ID

10mm

2mm

1mm

3-5mm

1mm

2mm

0.51 (0.40, 0.66)

0.45 (0.28, 0.73)

0.82 (0.05, 14.09)

0.24 (0.07, 0.74)

0.63 (0.35, 1.11)

1.83 (0.10, 33.00)

0.10 (0.01, 0.88)

0.20 (0.05, 0.82)

0.26 (0.10, 0.68)

0.69 (0.29, 1.62)

0.53 (0.34, 0.82)

1.28 (0.50, 3.31)

0.49 (0.12, 1.91)

0.09 (0.01, 0.62)

0.09 (0.02, 0.51)

RR (95% CI)

0.85 (0.69, 1.04)

0.95 (0.29, 3.17)

0.56 (0.43, 0.74)

0.57 (0.07, 4.76)

0.33 (0.11, 1.03)

0.29 (0.02, 4.49)

100.00

10.42

0.76

3.78

9.00

0.74

1.22

2.70

4.95

5.70

%

11.14

5.01

2.84

1.53

1.90

Weight

14.94

3.51

13.89

1.31

3.86

0.82

0.51 (0.40, 0.66)

0.45 (0.28, 0.73)

0.82 (0.05, 14.09)

0.24 (0.07, 0.74)

0.63 (0.35, 1.11)

1.83 (0.10, 33.00)

0.10 (0.01, 0.88)

0.20 (0.05, 0.82)

0.26 (0.10, 0.68)

0.69 (0.29, 1.62)

0.53 (0.34, 0.82)

1.28 (0.50, 3.31)

0.49 (0.12, 1.91)

0.09 (0.01, 0.62)

0.09 (0.02, 0.51)

RR (95% CI)

0.85 (0.69, 1.04)

0.95 (0.29, 3.17)

0.56 (0.43, 0.74)

0.57 (0.07, 4.76)

0.33 (0.11, 1.03)

0.29 (0.02, 4.49)

100.00

10.42

0.76

3.78

9.00

0.74

1.22

2.70

4.95

5.70

%

11.14

5.01

2.84

1.53

1.90

Weight

14.94

3.51

13.89

1.31

3.86

0.82

  
1.0105 1 95.3

Meta-analysis of Risk Ratios
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Dealing with Heterogeneity

Content investigation (“Clinical”)

• Investigate methodology, sample selection in detail

Statistical investigation

• Random-effects meta-analysis

• Do not combine all studies ?

• Subgroup analysis

• Meta-regression
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Heterogeneity Table

No Statistical 
Heterogeneity

No Clinical 
Heterogeneity

Statistical 
Heterogeneity

No Clinical 
Heterogeneity

No Statistical 
Heterogeneity

Clinical 
Heterogeneity

Statistical 
Heterogeneity

Clinical
Heterogeneity
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Biases

• Inherent bias in each study

• Publication bias
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“Funnel Plot”: No Asymmetry
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“Funnel Plot”: Actual Data
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0 .8 1.6
Relative Risk

For any given sample size, a Fixed Effect Model assumes one population from 
which a theoretical sampling distribution can be constructed: e.g.

For any given number of studies, as subject-sample size increases, the variance approaches zeroMeta-analysis_Fellows_Panuwat Lertsithichai,MD Slide 28/34
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For the same sample size & same number of studies, a Random Effects Model assumes one 
“superpopulation” from which a wider theoretical sampling distribution can be constructed: 

For a given number of studies, as subject-sample size increases, the variance does not approach zeroMeta-analysis_Fellows_Panuwat Lertsithichai,MD Slide 29/34
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Relative Risk

This is because the Random Effects Model assumes multiple random subpopulations,
each with the same variance as the Fixed Effect Model, in combination: e.g.
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Fixed vs. Random Effects Models

• Fixed effect assumes data variation to have one 
component only: due to subject variation (any 
apparent between-study difference is due to 
sampling, which approaches 0 as subject-sample 
size increases)

• Random effects assume data variation to have (at 
least) two components: one due to subjects 
(within-study variation) and the other due to real 
between-study differences (between-study 
variation; this does not approach 0 as subject-
sample size increases, if the number of studies is 
finite)
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Simplified Theory

• No. of subjects, or subject-sample size, in study 𝑖, 𝑛𝑖
• Number of studies, 𝑚

• Total sample size, 𝑁 = σ𝑖
𝑚 𝑛𝑖

• If all studies have the same subject-sample size, 𝑛

• Then total sample size would be, 𝑚𝑛
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Simplified Theory

• Fixed-effect

𝑌𝑖 = 𝜃 + 𝑒𝑖 ; for a study 𝑖 ∈ {1, … ,𝑚}

• Random-effects

𝑌𝑖 = 𝜃𝑖 + 𝑒𝑖 ; where 𝜃𝑖 = 𝜃 + 𝑢𝑖
• And where

𝑒𝑖~𝑁 0, 𝜎𝑒
2 ; 𝑢𝑖~𝑁 0, 𝑒𝑢

2 ; 𝑒 ⊥ 𝑢

Thus, for simplicity, we assume all studies to have the 
same weight: subject-sample size is 𝑛 for all 𝑖 (iid e’s) 
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Simplified Theory

• Summary statistic: 𝑆 = σ𝑖 𝑌𝑖/𝑚
• Fixed-effect variance

𝑣𝑎𝑟 𝑆 = 𝜎2/𝑛𝑚

• Random-effects variance
𝑣𝑎𝑟 𝑆 = 𝜎2/𝑛 + 𝜎𝑢

2 /𝑚

Where 𝜎𝑒
2 ≈ 𝜎2/𝑛

Thus, as no. of studies 𝑚 → ∞, all variances approach 0
While as no. of subjects 𝑛 → ∞, only the fixed-effect 
variance approaches 0
And, so long as both 𝑛,𝑚 are finite, random effects 
variance will always be larger than that of the fixed effect
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