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Difference between research article (primary) and meta-analysis

Content || Researcharticle Meta-analysis

Question
Proposal
Article section
Abstract
Introduction
Methods Sample Size People Paper
Sampling method Search strategy
Data collection
Statistical analysis
Inclusion & exclusion Quality assessment
Results Descriptive

Analytical
. Discussion Summary, Summary, co% ustify -

compare, justify




MA In RCTs

- Participants?
* Interventions?
- Comparisons?
» Outcomes?




MA In Observational studies

The PICO may be not applicable

There commonly are several risk factors
There commonly are several outcomes
There commonly is several time-points in a study (regional, national)

Hence, we have to have specific question:
o Point estimate: Mean, Prevalence, Incidence

o Causality: Odds ratio, Risk ratio
> Risk difference



Comprehensive Meta Analysis Version 2.0

This manual will continue to be revised to reflect changes in the program._ It will also be
expanded to include chapters covering conceptual topics. Upgrades to the program and
manual will be available on our download site.




Group meetings to develop the program

July 2002. Left to nght (Seated) Vish Viswesvaran, Will Shadish, Hannah Rothstein, Michael
Borenstein, Fred Oswald, Terrn Pigott. (Standing) Spyros Konstantopoulos, David Wilson, Alex

Sutton, Jonathan Stermme, Harris Cooper, Sue Duval, Jesse Berlin, Larry Hedges, Mike McDaniel,
Jack Vevea
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Q1: Protective vaccination against tuberculosis, with
special reference to BCG vaccine

Total retrieved same studies: 13
No. of events in each group

I

Vaccine

11 139
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Runanalyses + % [ & m Study names H v ’T_) |

Subgroups within study
Study name B C D . B H
CDFI"IF}EFISDH names
1 Outcome names
2 . .
Time point names
3 - - =
. 3 Identify columns for effect size data
4 | Effect size data
i Moderator variable
b
n Types of studies included
g On thiz panel, select the type of studies to be included in
thiz meta analvziz. Thiz controlz the bwpes of data entry
g optionz to be displayed on the next panel.
10 [f unzure, select the first option, which iz appropriate for
11 most analyzes. You will be able to return ta this panel and
change the selection.
12
o Comparizon of bwo groups, time-poinks,
13 ar expozures [includes correlations)
14 ¢ Estimate of means, proportions or rates
15 in one group at one time-point
16 " Generic point estimates
17 ™ Generic point estimates, log scale
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3 Identify columns for effect size data “

Click on the icons to select the data entrp format

[ﬂ Two groups or comrelation
E@ Dichotomous [number of events)
E@ Idnmatched groups, prospective [e.g., controlled trialz, cohort studies)

2] Events and zample size in each group |
=] Mon-events and sample zize in each group
% Ewventz and non-events in each group
% Ewvent rate and sample zize in each group
a Chi-squared and total zample size
@ Matched groups, prozpective [e.g., crossover tnals or pre-post designz)
@ Idnmatched groups, retrozpective [e.g.. case control studies]
@ Computed effect sizes
@ Continuous [means]
@ Correlation
@ Rates [events by persan years)
@ Survival (time to event)

Yaou have selected Events and sample size in each group
Click 'Mest' to identify the columns that contain this data

Tell me mare Cancel ¢ Back Mest > Finizh
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|nsert Page Layout Formulas —
o X — - Run analyses —+ % [ = H & X B ZE2 "= S g -4 =2+
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PastD.; B Copy - [ztudy name] Yaccine | MW waccine | Control M control | Odds ratio HElE) s Std Emr Yanance
¥ Format Painter I U ~-|- - '& - =0e
Eau—" - Font - 1 |_.-'1'-.r|:|r'|3|:|r'| 1345 | 4 123 11 139 0.391 -0.939 0.5598 0357
2 Ferguson & Simes, E 306 29 303 0.189 -1.EEE 0.456 0208
H18 - k& 3| Rosenthal, 1960 3 231 11 220 0.250 -1.386 0.658 0.433
A 5 c 5 : 4| Hart & Sutherland, G2 13598 248 12867 0233  -1.456 0143 0.020
1 |studyname  Vaccine MNvaccine Control N control 5| Frimodt-toller, 33 a0Ed 47 5808 0.803 0.213 0.228 0.052
2 |Aronson, 1948 4 123 11 139 E| Stein & Aronzon, 120 1541 37 1451 0.334 -0.958 0.100 0010
3 |Ferguson & Sir 6 306 29 303 F v andiviere, 1973 a Zhdh 10 B3 0.195 -1.624 0.476 0.227
4 |Rosenthal, 196 3 231 11 220 3| Madraz, 1980 R05 33391 495 2E391 1.012 0032 0.063 0.004
5 |Hart & Sutherl; 62 13,338 248 12,887 9| Coetze & Bernjak., 29 7499 45 T2 0.624 0472 0239 0.0587
6 |Frimodt-Molle 33| 5,065 471 5,808 10, Rosenthal, 1961 17 1716 B 16E5 0.24 1.401 0.275 0.075
; ite'z_&_”‘mf; 15; ;g:; 312 1:2; 11| Comstock, 1974 186 FOR34 141 27338 0.711 0,341 0112 0.012
. Maa';r:‘;'relr:éﬂ s ot aml a0 12| Comstock & s 2495 3 2341 1.562 0.447 0.731 0.534
10| Coetze & Berje 20| 788 ss 7277 | 13 Comstock, 1976 27 16913 29 17854 0983 0017 0.258 0.072
11 |Rosenthal, 196 17 1,716 65 1,665 14
12 |Comstock, 197. 186 50,634 141 27,338 13
13 | Comstock & W 5 2,498 3 2,341 16
14 |Comstock, 197 27 16,913 29 17,854 17
15 18
- %
17

Copy and paste from excel to CMA
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How does Meta-analysis work?

File Edit Format View [nsert Identify Tools Computational options Analyses Help

runanayses + @ D@ EHH & & BB E =S 9ws 4>+ [ ]

[study name] Yaccine | M vaccine | Contral M control | Odds ratio LDEaﬁnddE Std Err Warance

1| Ferguzon & Simes, E 06 29 303 0139 -1.66R 0456 0208
- 2\ Wandiviere, 1373 H 2hdh 10 29 0135 -1.634 0476 0227
3| Hart & Sutherland. 52 13598 248 12867 0233 -1.456 0143 0.020
4 Rozenthal, 1361 17 1716 Bh 1665 0246 -1.401 0275 0.075
5/ Rosenthal, 1360 3 231 11 220 02560 -1.386 0 658 0433
 EB|Stein & Aronzon, 180 1541 are 1451 0,334 -0.958 0100 0.010
¥ Aronson, 1348 4 123 11 139 0,391 -0.939 0598 0357
8| Loetze & Berjak. 29 7439 45 FE7T 0624 0472 0233 0057
9 Comstack, 1974 186 AOE34 141 27338 0711 -0.341 0112 0013
10| Frimodt-taller, a3 ROES 47 RE03 0803 -0.219 0224 0052
11| Comstack, 1976 27 16913 29 178h4 f AN 0.017 0 268 0072
. 12 Madraz, 1350 I =233 439 =233 0012 0063 0.004

13| Comstock, & 5 2495 3 2341 = 0447 0.7 0534




File Edit Format View Computational options Analyses Help

+ Dataentry  t3 Nexttable - Highresolution plot | [l Selectby .. | + Effect measure: Odds ratio -‘EILHETIIFE Flt @
b odel r[:at;?j Statistics for each study Cdds ratio and 35% C
Odds ratio | Lower imit | Upper fimit | 2-Value p- e 010 020 050 1.00 200 RO0 1000
Ferguzon & 0.189 0077 0.462 -1.6R2 0.000
Wandiviere, 0.1595 0077 0.497 1429 0.001
Hart & 0.233 0176 0308 102139 0.000 -+
Rozenthal, 0.246 0144 0.422 A102 0.000 —t——
Rozenthal, 0.2A0 0.069 0.308 2106 0.035 '
Stein & 0.384 0316 0.466 A B2 0.000 —+—
Aronzan, 0.391 0121 1.262 1571 0116 :
Coetze 0.624 0,391 0.996 1.976 0.048 ———
Comistock, 0.711 0571 0.386 -3.046 0.00z2 ——
Frimadt-tall 0.803 0514 1.256 .961 0336 —t+
Comistock, 0.383 0582 1.6ET [.065 0948 ——
M adras, 1.012 0.894 1146 0190 0.343 -+
Comistock, 1.563 0.373 b.h4A 0611 0541
Fived 0.647 0595 0702 10313 0.000 -+
Random 0.474 0325 0.690 -3.887 0.000 —H—




Model [ztudy name] Statizticz for each ztudy Oddz ratio and 25% CI

Odd: Lower Upper
ratioc  lumit limat Z-Valpe p-Value

Farguson & Simes, 1949 0.18% 0077 0462 -3652 0.000 o
Vandiviers, 1573 0.1%83 0077 04597 3425  0.001 o
Hart & 3utherland, 1577 0233 0176 0308 -10.21%  0.000 -+
Foszenthal, 1961 0246 0144 0422 53102  0.000 e —
Foszenthal, 1960 0230 0065 0908 -2.106  0.033 3
Stein & Aronson, 1933 0384 0316 0466 9627 0.000 -~
Aronson, 1948 0391 0121 1262 -1371 0116
Cozatze & Benal, 1968 0624 03%1 0%9% -1976 0.048 .
Comstoclc, 1574 0.711 05371 0886 -3.046  0.002 -
Frimodt-hMoller, 1973 0.803 0314 1256 0981 0336 e
Comstoclc, 1976 0983 0382 1661 008> 0545
MMadras, 1980 1.012 0.884 1.144 0.150  0.84% ;
Comstocl & Webster, 19683 1.363 0373 6548 0.611 0.35341

Fixed 0647 0383 0702 -1031%  0.000 ‘

0.1 02 0.3 1 2 5 10

Favours A Favours B




Fixed vs. Random effect

FE. Assumes a common underlying effect behind every trial

One source of variation:
o within studies (between patients)

RE. Assume true effect estimates really vary across studies

Two sources of variation:
o within studies (between patients)
> petween studies (heterogeneity)



-d,
b-\./A

:
M
:

Il

)
Jd

)

v

:

i

'mljfs =

for-meta

X

i Bax. http//waw.

and random effects models




Selection of the Model

*The selection of a model must be based solely on the question of which model

fits the distribution of effect sizes, and takes account of the relevant source(s) of
error.

=When studies are gathered from the published literature, the random effects
model is generally a more plausible match

=The strategy of starting with a fixed-effect model and then moving to a random-
effects model if the test for heterogeneity is significant is a mistake, and should
be strongly discouraged



File Edit Format View Computational options Analyses Help

Dy 3 Nedtbe - Highresouton i ‘%Salecth)r... ‘ <+ Effect measure: Odds rafo EE FuEE Pl
Model Effect size and 95% interval Test of null [2-Tail) Heterogeneity Tau-squared
Number ~ Pomt  Lower  Upper Tau  Standard
Model Studies  estimate  fimit limit Z-value  P-value Q-value df[B) P-value [-squared Squared  Emor  Vanance  Tau
Fived [T 1. VAR 11 I 1. 1033 0000 63168 12 000 32Rdh 06 0266 007 (606
Random 13 03 (6 . 0.000

Ho: Odds ratio=1
Hi: Odds ratio#1




Assessing statistical heterogeneity

If there Is substantial heterogeneity among studies in a systematic
review, It might be inappropriate to do a meta-analysis

How do we know If there is ‘substantial’ heterogeneity?
> 1. Visual inspection of a forest plot of studies included in the review;

o 2. Assessment of results of tests for statistical heterogeneity.




Statistical tests for heterogeneity

Cochran Q (Chi-square, X?)

|2

Tau?




Q=iﬂ’;{ﬂ M)’
Cochran Q (Chi-square, X¢) "

Under null, it is approximately distributed as a chi-square with k-1 degrees of freedom

Not powerful when number of studies is small or within study variance is large

It can not be used to estimate the magnitude of true variance




. _ 12—(Q_df)><100%:
Quantifying heterogeneity, | ¢

=Q-df is the excess variation. The part that will be attributed to differences in the true effects
from study to study

*The ratio of true heterogeneity to total observed variation

=Describes the percentage of total variation across studies that is due to heterogeneity rather
than chance

=Not directly affect by the number of studies
=A value of 0% indicates no observed heterogeneity
=Low, moderate, large and very large for 0-25%, 25-50%0, 50-75% and >75%



Model Effect size and 35% interval Test of null (2-Tail Heterogeneity Tau-squared

Number  Pomt  Lower  Upper Tau  Standard
Model Studies  estmate  fmt  fimit Zvale  P-value Qvalue df(Q) Pvalue | I-squared|  Squared Enor  Vanance Tau
Fueed 3 064 05% Q2 10319 0000 163165 12 0000y 92645 0% 026 00n 0606
Random 3 04 0% 069 3687 0000
Within
Stgg/les Between-studies (/2) 92%

1 ]

Unexplained Explained

Iigure Proportion of variance explained by latitude. _




Tau (t9)

The variance of the true effect sizes, where 12 refers to the actual variance and T2 is our
estimate of this parameter

Factors affecting measures of dispersion.

Range of possible values  Depends on number of studies  Depends on scale

Q 0<Q v

p 0<p<T v

T’ 0< T2 /
T 0<T /
/2 0% < /% < 100%




Q5. Meta regression
BCG vaccine and prevent of tuberculosis

This module allows you to run a regression analysis to estimate the impact of continuous study
moderators on overall heterogeneity

In this example, there is a numeric variable as latitude




Regression of Latitude on Log odds ratio

0.60

0.34 - O
0.08 - O

-0.18 -
-0.44 O
-0.70 -
-0.96 -
-1.22 -

1 o = 5

-2.00

Log odds ratio

8.80 13.84 18.88 23.92 28.96 34.00 39.04 44.08 4912 54.16 59.20
Latitude

* Inthe default presentation, all studies are represented by circles of



Ngression of Latitude on Log odds ratio
0.60

LOg odds ratio

8.80 13.84 18.88 23.92 28.96 34.00 39.04 44.08 49.12 54.16 59.20

Latitude
Proportional option identifies which studies have the greatest impact on the slope of the regression line.




éFixed effect regression

Point  Standard

ulinsds  snot Lower limt Upper imt  Z-value  p-Yalue

Slope Q03310 000262 -003ge2 002788 1178030 000000
Intercept 033430 008233 023342 055639 47929 000000
Tau-squared 004799

Q df p-value
Model 13806350 1.00000  0.00000
Residual 2509542 11.00000 000883
Total 16316432 1200000 000000

The regression coefficient for latitude is -0.0331,
which means that every one degree of latitude
corresponds to a decrease of 0.0331 units in effect
Size

The null hypothesis for Z:

? HO: Coefficient=0

Qmodel is the dispersion explained by the covariates.

Qres means that even with latitude in the model,
some of the between-studies variance remains
unexplained.



The proportion of variance explained

2
R2=] o gun&xp.’aingd
2
R?2 =122 g7 O otal
0.366
Within
St;od/'es Between-studies (/2) 92%

Unexplained Explained by latitude (R?) 287 %
13 %

IFigure Proportion of variance explained by latitude. _




One-study removed

It will also run a one-study removed analysis to show the impact of each

study on the combined effect

File Edit Format View Computational options Analyses Help

+— Data entry 1+ Next table "';"— High resolution plot % =elect by .. == Effect measure: Odds ratio = El |:| EE .'_j',_- Jj' [:
b odel Study name Summary ztatizticz with one study removed Odds ratio [95% CI) with study removed
Fuaoint Lowser lirmik | Upper lirnit £ alue p-+ alue 010 0.20 0.50 1.00 2.00 5.00 10.00
Aronzon, 0.478 0.324 0.70E -3.720 0.000 ——
Ferguzon & 0.505 0.343 0742 -3.480 0.0m —_—
Rozenthal, 0.428 0.332 0.718 -3.639 0.000 —
Hart & 0.517 0.364 0.736 -3.670 0.000 ——
Frirmodt-koll 0.449 0.200 0673 -3.878 0.000 —
Stein & 0.423 0.3 0.727 -3.489 0.000 —H—
Wandiviere, 0.503 0.342 0739 -3.499 0.000 ——
tadraz, 0.428 0.211 0617 -4.717 0.000 —
Coetze & 0461 0.307 0.630 -3.7584 0.000 ——
Rozenthal, 0.503 0.242 0741 -3.473 0.001 —
Comstock, 0.451 0.291 0700 -3.565 0.000 —_—
Comztock, & 0.450 0.308 0.6E1 -4 063 0.000 —
Cormnstock, 0.442 0.297 0.659 -4.005 0.000 —
R andom 0.474 0.325 0.630 -3.887 0.000 —H—




Format: Abstract - Send to -

Proc Biol Sci. 2004 Sep 22;271(1551):1961-6.

Cumulative meta-analysis: a new fool for detection of temporal trends and publication bias in
ecology.

Leimu B, Koricheva J.

+ Author information

Abstract

Temporal changes in the magnitude of research findings have recently been recognized as a general phenomenon in ecology, and have been
attributed to the delayed publication of non-significant results and disconfirming evidence. Here we introduce a method of cumulative meta-
analysis which allows detection of both temporal trends and publication bias in the ecological literature. To illustrate the application of the
method, we used two datasets from recently conducted meta-analyses of studies testing two plant defence theories. Our results revealed
three phases in the evolution of the treatment effects. Early studies strongly supported the hypothesis tested, but the magnitude of the effect
decreased considerably in later studies. In the latest studies, a trend towards an increase in effect size was observed. In one of the datasets,
a cumulative meta-analysis revealed publication bias against studies reporting disconfirming evidence; such studies were published in
journals with a lower impact factor compared to studies with results supporting the hypothesis tested. Correlation analysis revealed neither
temporal trends nor evidence of publication bias in the datasets analysed. We thus suggest that cumulative meta-analysis should be used as
a visual aid to detect temporal trends and publication bias in research findings in ecology in addition to the correlative approach.

PMID: 15347521  PMCID: PMC1651518  DOI: 10,1098/ rzpb. 2004 2325

[Indexed for MEDLINE]  Free PMC Article




How to check publication bias?

Graphical

Statistical test




Standard Error
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Funnel Plot of Standard Error by Log odds ratio
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Precision (1/Std Err)

Funnel Plot of Precision by Log odds ratio
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Publication bias: Classic fail-safe N

Classic fail-safe N One concern of publication bias is that some non-significant

Z-value for observed studies -11.35821 . N - < . Co T e T

e ot cbarved s - Included, would nullify the observed effect

o ""%  The fail-safe N is 424. This means that we would need to locate
2 for s © o and include 424 'null’ studies in order for the combined 2-tailed
Number of abzerved studies 13.00000 p'Value to exceed 0050

Murnber of mizzing studies that would bring p-walue to > alpha 424 00000

Edit |

Orwin's fail-safe N

Odds ratio in observed studies 0.E4E53
Criterion for a 'trivial odds ratio 0.70000
bMean odds ratio in migzing studies 1.00000
Murmber mizsing studies needed to bring adds ratio owver 0.7 3.00000

Edit |



Publication bias: Begg and Mazumdar Rank

Correlation Test

Beqqg and Mazumdar rank correlation

Kendall's 5 statistic [P-3) 200000

Kendall's tau without continuity correction

Tau 002564
z-value for tau 012202
P-value [1-taled] 045144
P-value [2-tailed) 0.90238

Kendall's tau with continuity comection

Tau 001282
z-value for tau 0.06101
P-value [1-taled] 047563
P-value [2-talled] 095135

e correlation (Kendall's tau) between the treatment effect
and the standard error

A significant correlation suggests that bias exists

Conversely, a non-significant correlation may be due to low
statistical power, and cannot be taken as evidence that bias
IS absent.



Publication Bias: Egger's Test of the Intercept

Egger suggests that we assess this same bias
by using precision (the inverse of the
standard error) to predict the standardized

Eqqger's regression intercept

Intercept 234334 effect (effect size divided by the standard
Standard eror 1. 5A63 error).

95:; et 24aied 270 In this equation, the size of the treatment

0% uppet lmk 2l 106076 effect is captured by the slope of the

valle 120635 regression line (B1) while bias is captured by
df 11.00000 the intercept (BO).

P-vale [1-aled) (108000

Peyalug [24ailed] (115534



Publication bias: Duval and Tweedie's
Trim and Fill

If the meta analysis had captured all the relevant studies we would expect the funnel plot to be
symmetric

Duval and Tweedie developed a method that allows us to impute missed studies. That iIs, we
determine where the missing studies are likely to fall, add them to the analysis, and then
recompute the combined effect

In our example, using Trim and Fill these values are unchanged




Publication bias: Duval and Tweedie's Trim

and Fill

Duwal and Tweedie's trimm and fill

Fixed Effects

Studies Foinit Lovwer

T rimmmed E =timate= Lirmik
Observed values 0645532 0.595132
Adjusted walues ] 0. 645532 0595132

Look For meassing studies where™?
i Mot zpecified
= Tao left of mean

£ Toright of mean

Look For massing studies using which model™?
7 plat zpecified
i Fixed effect rmodel

7 Random effects model

Upper
Lirnit

0702327
0702327

Handom Effects

Foint Lowveer Upper

E =timat= Lirnit Lirnit
047260 0.32430 063035
047260 0.32430 063035

0 Yalue

16216492
16216492



Q2: Protective vaccination against tuberculosis, with
special reference to BCG vaccine
Total retrieved same studies: 13

Seven studies reported No. of events in each group

Three studies reported Odds ratio and 95% ClI
Three studies reported log OR and SE

How to combine these findings?



Import the data from excel (sheet Q2) to
CMA

Shudy name

11 rangon, 1948
2 Ferqusan & Smes,

3 Rosenthal, 1980

4 Hart & Sutherland,
B Frimodt-aller,

B Stein & drangon,

7 Vandwiere, 1973

B Madrag, 1330

9 Costze & Bejak,

10/ Rosenthal, 1961

11 Camstock, 1974
12 Camstock &

Data format

Cohort 242 [Events]
Cohort 242 [Events|
Cohort 262 [Events]
Cohort 262 [Events]
Cohort 262 [Events]
Cohort 262 [Events]
Cohort 262 [Events]
0dds ratio

0dds ratio

0dds ratio

Lag 0R, SE

Lag 0R, 5E

Groupd  Groupd | Groupd

Euvents
4
b
3
b2
3

150
8

TotalN

123
306
231
13038
303
1541
254

Events

11
2
1
244
4
il
10

(roup-B
Total N

13
303
20
12867
il
1451
b3

(dds
rafln

1.012
(1624
(.248

Lawer
Limt

(1534
0.391
(1144

Upper
Limt

1.146
1135
1422

Confidence

level

1330
1330
1330

(dds
rafio [log]

0341
1447

Std error
log]

0112
0731

(dds ratio

0.391
0183
0.230
0233
(1803
(364
01%
1.012
1624
(.246
0711
1.963

Log odds
ratio

0333
-1 b6
1,356
145
0213
[958
1534
102
1472
14002
0341
1447

St En

(133
0456
(1658
0143
0228
0100
0476
(063
023
0274
0112
0731

Varance

0357
0208
01433
0020
0052
0o
0227
(1004
0057
007
003
01334

‘13 Comstock, 1976 |Log OR, 3E Q017 08| 0% D017 023 I].IJ?ZI
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Q3. Subgroups within study
Streptokinase therapy and myocardial infarction
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Q4. Multiple outcomes within studies

Streptokinase therapy and Its outcomes
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