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WHO SHOULD ATTEND

This workshop is intended for researchers, clinicians, educators,
statisticians, graduate students, and anyone with an interest in
understanding or performing meta-analyses.



WORKSHOP OBJECTIVES

To introduce meta-analysis and its principles
To discuses about different effect sizes in

meta-analysis

To evaluate heterogeneity and publication

bias in meta-analysis
To guide analyzing data and undertaking

meta-analysis






WHY NEED META-ANALYSIS
Sl Ol
(057 6503 pm (5 S o) Cinds Slalllae
sl s el 53 5 5o DL
wlo w9 Oloy O3ls s
p‘ﬁﬂbjgj\ﬁawb
dalpd e b laleial) 4
a5 sl o luls



WHY NEED META-ANALYSIS

Information
explosion




number of different reports into one report t ate a single, more

Meta-analysis is a set of techniques used “to ombine the results of a

precise estimate of an effect” (Ferrer, 1998). The aims of meta-
analysis are “to increase statistical power; to deal with controversy
when individual studies disagree; to improve estimates of size of
effect, and to answer new questions not previously posed in
\ent studies” (Hunter and Schmidt, 1990). All definitions

at there must be a valid reason to combine the studies.

such meta-analysis is questionable or clearly inaRpyggyifte.” Although
the frequency at which meta-analysis is used is increasing (Egger and
Smith, 1997), meta-analysis has its detractors. In reality, if carefully
performed, it yields useful information, but a meta-analysis of badly
designed studies produces erroneous statistics and may be
misleading. Ignoring heterogeneity and combining apples and
oranges is a pervasive error in meta-analysis (Eysenck, 1995) and
techniques exist to assess it (Ferrer, 1998; Tang and Liu, 2000). Other
forms of bias also interfere with effective meta-analysis (Egger and

Smith, 1998).




@l} DOTENTIAL ADVANTAGES OF META-ANALYSES

To improve

power and

precision
7o answer To settle
questions contro versies
not posed arising from
by the et
A confiicting
individual studlies or to
Studies generate new

hypotheses
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First author Publicatio year ES (95% ClI)

Brander G 1.62 (1.21, 2.16)

Browne HA 1.19 (0.97, 1.46)

CuboE 3.07 (1.24, 7.60)

Leivonen S 1.10 {(0.68, 1.77)

Mathews CA 1.20 (0.82, 1.76)

Motlagh MG 4.60 (0.45, 46.81)
Pringsheim T 2009 2.43(1.23, 4.81)

Overall (-squared = 45.8%, p = 0.086) 1.44 (1.14, 1.82)

NOTE: Weights are from random effects analysis




Impact of Statin Dose
On Death and Myocardial Infarction

Study Risk  Relative Risk ratio and P-value
Name Ratio  Weight 95% confidence interval

Prove-it 0.84 13%

AtoZ 0.86 19%

Ideal A 37%

L
L
TNT : 31% R
_._.
.

0.80 1.0 1.25
Favours high dose Favours std dose
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/. WHY PERFORM A META-ANALYSIS



IMPACT OF
STREPTOKINASE ON
MORTALLTY

Study name

Fletcher
Dewa
European 1
European 2
Hekinheimo
Ilaban
Australian 1
Franbut 2
NHLBI SMIT
Frank
Valete
e
UK-Collab
Austnan
Austraban 2
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N Get Collab
Witchitz
European 3
ISAM
GISSI1
Okson
Baroffio
Scheeder
Cribret
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Durand
‘White
Bassand
Viay
Lernedy
18152
Wisenberg

Statistics for each study

Rk rabo  Lower bt Upperimt  pValue
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NARRATIVE REVIEW

Abelson X P value=0.001

X Doing arithmetic with words, X Large effect in a small sample
and. when the words are X Slight effect in a large sample
based on p-values the words
are the wrong words X Pvalue=05

X Small effect in alarge sample
X Large effect in a small sample
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BY CONTRAST IN A META-ANALYSIS
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THE SELECTION OF A SUMMARY STATISTIC FOR USE IN META-ANALYSIS
DEPENDS ON BALANCING THREE CRITERIA

x Consistency
X Mathematical properties

x Ease of interpretation

2
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» Effect sizes based on means

» Raw (unstandardized) mean difference (D )
Based on studies with independent groups
Based on studies with matched groups or pre-post designs

» Standardized mean difference (d or g)

Based on studies with independent groups \—g_j
Based on studies with matched groups or pre-post designs ﬁ___,, .

» Response ratios (R )
Based on studies with independent groups




Effect sizes based on binary data

» Risk ratio (RR )

- Based on studies with independent groups

» Odds ratio (OR )

- Based on studies with independent groups

» Risk difference (RD )

Based on studies with independent groups




Effect sizes based on correlational data

» Correlation (r)
» Based on studies with one group
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AW (UNSTANDARDIZED) MEAN DIFFERENCE (D) %

Example:

» The effect of calcium supplementation on weight change

» Are Organic Foods Safer or Healthier Than
Conventional Alternatives?

» The association between Vitamin D status and
preeclampsia

29
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Example

For example, suppose that a study has sample means X;= 103.00, X5 = 100.0
sample standard deviations S, = 5.5, S, = 4.5, and sample sizes n, = n, = 50. Tt
raw mean difference D is

D = 103.00 — 100.00 = 3.00.

If we assume that oy = 0, then the pooled standard deviation within groups is

[(50 = 1) x 5.5% + (50 — 1) x 4.52
Spoulcd =
\ 50 + 50 — 2

= 5.0249.

The variance and standard error of D are given by

50450
50 % 50

e x 5.0249° = 1.0100,

and
SEp = Vv 1.0100 = 1.0050.



If we do not assume that o,= o, then the variance and standard error of D are
given by
% B +4'52 =1.0100
50 50 '

and
SEp = v 1.0100 = 1.0050.

In this example formulas (4.3) and (4.5) yield the same result, but this will be true
only if the sample size and/or the estimate of the variances is the same in the two
groups.

55



MATCHED GROUPS
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(T CR0SS-OVER TRIALS % % m

(> BEFORE AFTER STUDIES

(> PAIRED SAMPLES D % m



D FOR MATCHED GROUPS

D=X diff s
62
_ Vdiff
Vp :
n
where n is the number of pairs, and

SEp= V.

Sd,:/f = \/S% S S% —2XrXxS8 X5

where r is the correlation between ‘siblings™ in matched pairs. If §; = S5, then
simplifies to

Sdiﬂ" h \/2 X Slzx)vlal (1 r).



STANDARDIZED MEN DIFFERENCE (D)

If different studies use different instruments

Transform all effect sizes to a common metric

v

Analyte: Glucose

Method: Hexokinase

Standard deviation =4.5
Mean= 120

Analyte: Glucose
Method: Glucose oxidase
Standard deviation = 4.0
Mean = 100



INDEPENDENT GROU?PS

_Xi—-X;

\Y within

\/ (my — 1)82 + (n2 — 1)
Swithin =

d

ny+ny; —2

n +n d>
_m 2+

Y, 6
. nyno 2(ny +m)

SEd=\/V—.
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Hedges’ g

» It turns out that d has a slight bias, tending to
overestimate the absolute value of d in small
samples.

» This bias can be removed by a simple correction that
yields an unbiased estimate of , with the unbiased
estimate sometimes called Hedges’ g (Hedges, 1981).

» To convert from d to Hedges’ g we use a
correction factor, which is called ). Hedges (1981)
gives the exact formula for ], but in common practice
researchers use an approximation



g=J xd,

Vo= % Vi,

SEg =/ V.

4df —1°

J=1

S pdfis nj+tn,-2 = 3

S 739



KEY POINTS

For very small sample sizes (<20) choose Hedges’ g over Cohen’s d.

For sample sizes >20, the results for both statistics are roughly
equivalent.

The main difference between Hedge’s g and Cohen’s D is that Hedge’s
g uses pooled weighted standard deviations (instead of pooled
standard deviations).

If standard deviations are significantly different between groups,
choose Glass’s delta instead. Glass’s delta uses only the control
group’s standard deviation (SD.).

40


https://www.statisticshowto.com/probability-and-statistics/standard-deviation/

OBTAINING STANDARD ERRORS FROM CONFIDENCE INTERVALS: ABSOLUTE
(DIFFERENCE) MEASURES

If a 95% confidence interval is available for an absolute measure of intervention effect (e.g. SMD, risk difference, rate difference), then the standard
error can be calculated as

SE = (upper limit - lower imit) / 3.92.
For 90% confidence intervals divide by 3.29 rather than 3.92; for 99% confidence intervals divide by 3.13.

% Most confidence intervals are 95% confidence intervals. If the
sample size is large (say bigger than 100 in each group), the 95%
confidence interval is 3.92 standard errors wide (3.92 = 2 x 1.96).

Group Sample size Mean 95% CI
Experimental intervention 25 32.1 (30.0, 34.2)

Control intervention 22 28.3 (26.5, 30.1)

1



OBTAINING STANDARD ERRORS FROM P VALUES: ABSOLUTE (DIFFERENCE)
MEASURES

The first step is to obtain the Z value corresponding to the reported P value from a table of the standard normal distribution. A
standard error may then be calculated as

SE = intervention effect estimate / Z.

As an example, suppose a conference abstract presents an estimate of a risk difference of 0.03 (P = 0.008). The Z value that
corresponds to a P value of 0.008 is Z = 2.652. This can be obtained from a table of the standard normal distribution or a
computer (for example, by entering =abs(normsinv(0.008/2) into any cell in a Microsoft Excel spreadsheet). The standard error
of the risk difference is obtained by dividing the risk difference (0.03) by the Z value (2.652), which gives 0.011.

File Home Insert Page Layout Farmulas Data Review View Q Tell me what you want to do... Sign in 2_ Share
1 u"I:I —
fx E I IE I I I IE @ =] Define Name g',nTrace Precedents (%] Show Formulas |_| . B Calculate Now
Use in Formula ol# Trace Dependents 1 Error Checking = &S
Insert  AutoSum Recently Financial Loglcal Text Date & Lookup & Math&  More MName ) Watch  Calculation EﬂCalculate Sheet
Function - Used ~ - ~  Time~ Reference~ Trig~ Functions~ Manager (5 Create from Selection 3 Remove Arrows - f | Evaluate Formula  window Options ~
Function Library Defined Names Formula Auditing Calculation -~
Al e It =ABS(NORMSINY(0.008/2)) v
- R Q P o] N M L K J H G F E D c B A
2.65207| 1
2
3
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Mormal Curve Areas

0 z

z 0D iy 02 A0z Da .05 G Kord i 09

0o OO e RN ADL20 JOEED 0199 239 nzTY 0319 0359
0.1 3938 38 D4TE o517 NSET 05595 G36 D675 0714 0753
o2 TR E3F2 ALETL A0 A94E JO9ET 026 1064 1105 L1e4l
0.3 E1T7S 1217 1255 1293 1331 JE368 L1409 A443 48D 1387
0.4 _I554 1591 162R T 700 1736 1T 1308 1844 18T
0.5 1915 1950 L1985 2019 2054 2083 L2123 2157 2190 2224
[N 225T 2291 2324 2357 2389 2422 2454 2486 2517 2549
LERr L2580 2611 2642 2673 L2704 2734 2764 2794 L2823 2R52
o8 2RR1 2010 S2930 J2ORT 2995 3023 L3051 3078 SB10G 3133
0.9 3159 3186 3212 _3238 3264 E2R9 3315 3340 3365 338D
1.0 3413 3438 34al _34ES5 3508 3531 L3554 3577 3599 3621
1.1 3643 665 3686 3708 AT29 3749 3770 3TO0 R10 3830
1.2 .3R49 3IBGD _3BEE 90T 3925 G944 3962 3980 3997 4015
1.3 4032 A4 A6 A0R2 A09o A1ls 4131 4147 4162 4177
1.4 4192 A207 4222 4236 4251 4265 A2T9 4292 A3 4319
1.5 4332 4345 4357 4370 4382 A394 A4 Lk 4429 4441
1.6 4452 4463 4474 4484 A495 4505 4515 4525 4535 4545
1.7 4554 4564 4573 ASR2 459 4595 AE0E A6l AR25 4633
1.8 4641 4649 4656 4664 4671 AGTE AEEG AO93 o] A4TG
1.9 4713 AT19 AT26 ATi2 AT38 4744 ATS50 ATaE ATal ATaT
2.0 4772 ATTE A4TE3 _ATES 47483 AToR A803 AROE I e A48T
2.1 AT ARB26 AR AH3d 4838 AE42 AE4G AR50 4854 4857
2.2 4861 4864 4868 4871 ABTS AETR AEEL 4RSS AHBT 4RI
23 AR93 4896 4898 4901 A904 A0S A0 4911 4913 A9E6
2.4 4918 4920 A2 4925 4927 A929 4531 49332 4934 A936
2.5 A938 4040 A4 AQ4F AGES Gl A5 R 049 ASS51 A952
26 4953 AQSS 4956 AGST A%S9 4960 4961 ADeZ 4963 4564
2.7 965 ATa6 ADLT ASHSE A9aS A970 4971 A972 4973 4974
2. 4974 AOTS AFTh AGTT A97T A978 49T A979 4980 A981
29 A998 L A8 A9E2 H9ES S4o84 AR 4585 A9RS AGEG A5EE
30 A987T AQRT A987 YRS A9BSR AGES A998 AQ8E9 4990 G0

Hoaerce: This table is abridged from

Table 1 of Statistical Tables and Formewlas, by A, Hald
iMew York: John Wiley & Sons, Inc, 19520 Beproduced by permission of A, Hald and the
publishers, John Wiley & Sons, Inc



Computing d and g from studies that
use pre-post scores or matched groups
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RESPONSE RATIOS (R)

» The response ratio (R) is often used in ecology.

» In research domains where the outcome is
measured on a physical scale (such as length, area,
or mass) and is unlikely to be zero, the ratio of the
means in the two groups might serve as the effect size
index.

45



==l (4.30)

where Xj is the mean of group 1 and X5 is the mean of group 2. The log response
ratio is computed as
X - -
[nR = In(R) = In %)= In(Xi) — In(X3). (4.31)

-

-~

The variance of the log response ratio is approximately

> I 1
V/"R = Shmu!('(l = = (432)
; II](X|)- n:)_(X_‘_)_)-
where S,,,,.4 1S the pooled standard deviation. The approximate standard error is
SEInR =l VInR- (4‘;‘;)

46



RESPONSE RATIOS ARE ANALYZED IN LOG UNITS

Study A

Study B

Study C

’

'

'

’

Response ratio

,

Response ratio

,

Response ratio

Summary <+
Response ratio

47

Log response ratio

Log response ratio

Log response ratio

:

Summary
Log response ratio




Including studies with different designs

» It is possible to compute an effect size and variance from
studies that used two independent groups, from studies
that used matched groups (or pre-post designs) and from
studies that used clustered groups.

» These effect sizes may then be included in the same
meta-analysis.



» Can we use D, d or g in the same analysis?

NO

49



META-ANALYSIS OF OTHER OUTCOMES

Rare events

No events in one or more arms
Skewed data

Rate ratio

Hazard ratio

X X X X X X

Combining dichotomous and continuous outcomes
You can more detail at below link;

https://training.cochrane.org/handbook

50
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THREE IMPORTANT EFFECT S12ES

v" RISK RATIO (RR)
v" (DDS RATIO (OR)
v" RISK DIFFERENCE (RD)




RR

Table 5.1 Nomenclature for 2 x 2 table of outcome by treatment.

Events Non-Events N
Treated A B ny
Control £ D ns

Table 5.2 Fictional data for a 2 x 2 table.

Dead Alive N

Treated 5 95 100
Control 10 90 100

54



Example

» Vitamin D deficiency and preeclampsia

» Dash diet and risk of cardiovascular disease

» Vegetable intake and colorectal cancer

» Bisphenol and childhood cancer

99



The computational formula for the risk ratio is

A/Il]
C/ny’

RiskRatio =

The log risk ratio is then
LogRiskRatio = In (RiskRatio),

with approximate variance

L Mignll, N

ViseRiskRatio = — —— +—= — —,
J A nm C m

SELogRiskRatio = \/ VLogRiskRalio-

56



Study A 2x2
Table

Study B 2x2
Table

Study C 2x2
Table

v

'

Risk ratio

Risk ratio

Risk ratio

Summary
Risk ratio

S

'

,

Log risk ratio

Log risk ratio

Log risk ratio

v

Summary
Log risk ratio







OR

Table 5.1 Nomenclature for 2 x 2 table of outcome by treatment.

Events Non-Events N
Treated A B n,
Control c D n;

Table 5.2 Fictional data for a 2 x 2 table.

Dead Alive N

Treated 5 95 100
Control 10 90 100

&



Example

» Vitamin D deficiency and preeclampsia

» Dash diet and risk of cardiovascular disease

» Vegetable intake and colorectal cancer

» Bisphenol and childhood cancer

60



The computational formula for the odds ratio is

AD
OddsRatio = _ .
ddsRatio = 7~

The log odds ratio is then

LogOddsRatio = In(OddsRatio),
with approximate variance
PRI
' O

]
Vi" 0gOddsRatio = E

and approximate standard error

SELogﬂddsRarin = A Vhﬂgﬂddﬂﬁarm-

61






» When the risk of the event is low, the odds ratio will be
similar to the risk ratio.

» Diabetes?
» Cancer?
b ...

What we usually do when studies have
reported both RR and OR???22277?



OBTAINING STANDARD ERRORS FROM CONFIDENCE INTERVALS AND !
VALUES: RATIO MEASURES

X The process of obtaining standard errors for ratio measures is similar
to that for absolute measures, but with an additional first step.
Analyses of ratio measures are performed on the natural log scale.

X For a ratio meagsure.:such as a risk ratio. odds ratio or -hazard ratio
(which we will denote generically as RR here), first calculate

lower limit = In(lower confidence limit given for RR)
upper limit = In(upper confidence limit given for RR)
intervention effect estimate = InRR

SE = (upper limit — lower limit) / 3.92.
For 90% confidence intervals divide by 3.29 rather than 3.92; for 99% confidence intervals divide by 5.15.

64



Risk difference

» The risk difference is the difference between two risk

oo =(2)~(9

with approximate variance

v _AB CD
RiskDiff — "_;; ";;

and approximate standard error

SEgiskoifr = \/ VRiskpigy - |

65



Points:

» We can compute the risk of an event (such as the risk of
death) in each group (for example, treated versus
control). The ratio of these risks then serves as an effect
size (the risk ratio).

» We can compute the odds of an event (such as ratio of
dying to living) in each group (for example, treated versus
control). The ratio of these odds then serves as the odds
ratio.

66



» We can compute the risk of an event (such as the risk of
death) in each group (for example, treated versus
control). The difference in these risks then serves as an
effect size (the risk difference).

» To work with the risk ratio or odds ratio we transform
all values to log values, perform the analyses, and then
convert the results back to ratio values for presentation.

» To work with the risk difference we work with the raw
values.

67



LIPRESSING INTERVENTION EFFECTS ON L0G SCALES

The values of ratio intervention effects (such as the odds ratio, risk ratio, rate ratio and hazard ratio) usually undergo log
transformations before being analysed, and they may occasionally be referred to in terms of their log transformed values.
Typically the natural log transformation (log base e, written ‘In’) is used.

Ratio summary statistics all have the common feature that the lowest value that they can take is 0, that the value 1 corresponds
with no intervention effect, and the highest value that an odds ratio can ever take is infinity. This number scale is not symmetric.
For example, whilst an odds ratio of 0.5 (a halving) and an OR of 2 (a doubling) are opposites such that they should average to
no effect, the average of 0.5 and 2 is not an OR of 1 but an OR of 1.25. The log transformation makes the scale symmetric: the
log of 0 is minus infinity, the log of 1 is zero, and the log of infinity is infinity. In the example, the log of the OR of 0.5 is -0.69 and
the log of the OR of 2 is 0.69. The average of —0.69 and 0.69 is 0 which is the log transformed value of an OR of 1, correctly
implying no average intervention effect.

Graphical displays for meta-analysis performed on ratio scales usually use a log scale. This has the effect of making the
confidence intervals appear symmetric, for the same reasons.
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Correlation coefficient: r

» The estimate of the correlation parameter is simply the
sample correlation coefficient, r.

3

(l=p=)

V.=
n—1

» Most meta-analysts do not perform syntheses on the
correlation coefficient itself because the variance
depends strongly on the correlation.

» Rather, the correlation is converted to the Fisher’s z scale

70



SAMPLING DISTRIBUTION OF PEARSON 'S R

X Assume that the correlation between quantitative and verbal SAT scores in a given
population is 0.60. In other words, p = 0.60. If 12 students were sampled randomly, the
sample correlation, r, would not be exactly equal to 0.60. Naturally different samples of 12
students would yield different values of r. The distribution of values of r after repeated
samples of 12 students is the sampling distribution of r.

Megative Meutral Fositive
| | |

-1.0 0.0 +1.0

-III:S Iél IZI.IS
The sampling
distribution of r

forN=12andp
71 = 0.60.



HISHER TRANSFORMATION TABLE

r z r Z; r z; r z; r z,
110 110 310 321 510 .563 710 .887 910 1.528
115 116 315 326 515 570 715 .897 915 1.557
120 121 .320 332 520 .576 .720 .908 920 1.589
A25 126 325 337 525 583 A2 918 925 1.623
130 131 .330 343 .530 .590 .730 929 930 1.658
135 136 335 .348 535 597 735 940 935 1.697
140 141 .340 354 .540 .604 .740 950 940 1.738
145 146 345 .360 545 611 .745 962 945 1.783
150 151 .350 365 .550 618 750 973 950 1.832
155 156 355 371 555 626 755 984 955 1.886
160 161 360 BT 560 633 760 996 960 1.946
165 167 .365 .383 565 640 765 1.008 965 2.014
170 172 370 .388 570 648 770 1.020 970 2.092
175 177 375 .394 575 655 775 1.033 975 2.185
180 182 .380 400 .580 662 .780 1.045 980 2.298
185 .187 385 .406 .585 670 785 1.058 985 2.443
190 192 .390 412 .590 678 790 1.071 990 2.647
195 .198 .395 418 595 685 795 1.085 995 2.994




Study A

Study B

Study C

.

'

.

Correlation

Correlation

Correlation

Summary
Correlation

73
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Summary
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» Vitamin D status and BMI

» Refined carbohydrate consumption and 1Q

» Dose of a medication and the colony count of a bacteria

74



The transformation from sample correlation r to Fisher’s z is given by

z—O.len(l+r).
| —r

The variance of z (to an excellent approximation) is

|
n—3"

V=

and the standard error is

ﬂ%=\ﬁz

e —1
ek 41
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Points:

» When studies report data as correlations, we usually use
the correlation coefficient itself as the effect size.

» We transform the correlation using the Fisher’s z
transformation and perform the analysis using this index.
Then, we convert the summary values back t correlations
for presentation.
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» If all studies in the analysis are based on the same kind of
data (means, binary, or correlational), the researcher
should select an effect size based on that kind of data.

» When some studies use means, others use binary data,
and others use correlational data, we can apply formulas
to convert among effect sizes.

» Studies that used different measures may differ from each
other in substantive ways, and we need to consider this
possibility when deciding if it makes sense to include the
various studies in the same analysis.
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Binary data

!

Continuous data

Log odds ratio

!

Correlational data

Standardized
Mean Difference
(Cohen's d)

!

Il

Fisher's z

Bias-corrected
Standardized
Mean Difference
(Hedges'g)




~ SOME DESCRIPTIVE MEASURES

META-ANALSIS OF MEAN: (X, =)

META-ANALYSIS OF PREVALENCE OR RATIO; (P==

n'\J
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Calculating summary (overall) effect

» Fixed effect model

» Random effects model

83



Symbols for true and observed effects

True Observed
effect effect
Study @ I

Combined — ‘
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Fixed effect model

4

Under the fixed-effect model all studies in the analysis
share a common true effect.

The summary effect is our estimate of this common
effect size, and the null hypothesis is that this common
effect is zero (for a difference) or one (for a ratio).

All observed dispersion reflects sampling error, and study
weights are assigned with the goal of minimizing this
within-study error.
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Study 1 ]

Study 2 o
Study 3 ?
h 4
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Study 2 ’—';——

Study 3 - bt}

L
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SEM = v VM.
LLM =M —1.96 x SEM

ULy =M + 1.96 X SEy.

Finally, a Z-value to test the null hypothesis that the common true effect # is zero
can be computed using

90



For a one-tailed test the p-value is given by
p=1-—®(x|Z]), (11.9)

where we choose “+ if the difference is in the expected direction and ‘" otherwise,
and for a two-tailed test by

p=2[1-(a(2))]. (11.10)

where ®(Z) is the standard normal cumulative distribution. This function is tabled

in many introductory statistics books, and is implemented in Excel as the function
=NORMSDIST(Z).
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Carroll
Grant
Peck
Donat
Stewart

Young

Summary

Std Diff

(9)

0.10
0.28
0.37
0.66
0.46
0.19

0.41

Impact of Intervention (Fixed effect)

Helgﬁve Standardized mean difference (g)
Weight and 95% confidence interval
12% B
13% =
8% .
30% —l-
10% =
18% L
100% P
-1.0 -0.5 0.0 0.5 1.0
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Study 1

Study 2

Study 3

N

0.0

0.1

0.2

0.3

0.4

0.5

93

0.6

0.7

0.8

0.9

1.0

[

1.2



Random effects model

AN

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
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Random-Effects Model

» Under the random-effects model, the true effects in the
studies are assumed to have been sampled from a
distribution of true effects.

» The summary effect is our estimate of the mean of all
relevant true effects, and the null hypothesis is that the
mean of these effects is 0.0 (equivalent to a ratio of 1.0
for ratio measures).

9



» Since our goal is to estimate the mean of the distribution,
we need to take account of two sources of variance.

» First, there is within-study error in estimating the effect in
each study. (within study variation)

» Second (even if we knew the true mean for each of our
studies), there is variation in the true effects across
studies. (between study variation)

» Study weights are assigned with the goal of minimizing
both sources of variance.
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» The parameter T? (tau-squared) is the between-studies
variance (the variance of the effect size parameters across
the population of studies)

T: - 0 _,df
@

100



k 2
Wx

i
i :
Wi

=1

Q:

k

!
df =k—1,

where k is the number of studies. and
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Since Q reflects the total variance, it must now be broken down into its
component parts. If the only source of variance was within-study error, then the
expected value of Q would be the degrees of freedom (df) for the meta-analysis

where

df = (Number Studies)—1

This allows us to compute the between-studies variance, r?, as

o % if Q > df
0 ifQ < df
where
szw__wa

2,

The numerator, Q - df, is the excess (observed minus expected) variance. The
denominator, C, is a scaling factor that has to do with the fact that Q is a
weighted sum of squares. By applying this scaling factor we ensure that tau-
squared is in the same metric as the variance within-studies.



1
W' =—.
1 v ;f

(12.6)

where 14* is the within-study variance for study i plus the between-studies variance,
7°. That i,

Vi = Vy, + T2
The weighted mean, M*¥, is then computed as

k

> WY,

M= (12.7)

S w

i=1
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|
Vige =——— (12.8)

W

i=]

and the estimated standard error of the summary effect is then the square root of the
variance,

SEpm- = V- (12.9)
The 95% lower and upper limits for the summary effect would be computed as
LLy = M* — 1.96 x SEp., (12.10)
and
ULy = M* 4+ 1.96 X SEy-. (12.11)

Finally, a Z-value to test the null hypothesis that the mean effect ¢ is zero could be
computed using
M*

2" = ;
SEyn-

(12.12)
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For a one-tailed test the p-value is given by
p* =1—0(£|Z*), (12.13)
where we choose ‘4 if the difference is in the expected direction or *—" otherwise,
and for a two-tailed test by
p* =2[1 — (®(|Z*]))], (12.14)
where ®(Z*) is the standard normal cumulative distribution. This function is tabled

in many introductory statistics books, and is implemented in Excel as the function
=NORMSDIST(Z*).
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Fixed-Effect Versus Random-Effects
Models

» A fixed-effect meta-analysis estimates a single effect that
is assumed to be common to every study, while a
random-effects meta-analysis estimates the mean of a
distribution of effects.

» Study weights are more balanced under the
random-effects model than under the fixed-effect
model.

» Large studies are assigned less relative weight and
small studies are assigned more relative weight as

compared with the fixed-effect model.
106



» The standard error of the summary effect and (it
follows) the confidence intervals for the summary
effect are wider under the random-effects model
than under the fixed-effect model.
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Carroll
Grant
Peck
Donat
Stewart

Young

Summary

Std Diff Relative
(9) Weight
0.10 12%
0.28 13%
0.37 8%
0.66 39%
0.46 10%
0.19 18%
0.41 100%

Impact of Intervention (Fixed effect)

Standardized mean difference (g)
and 95% confidence interval

-1.0
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Impact of Intervention (Random effects)

Std Diff  Relative Standardized mean difference (g) with
(9) Weight 95% confidence and prediction intervals
Carroll 0.10 16% =
Grant 0.28 16% =
Peck 0.37 13% E
Donat 0.66 23% B BB
Stewart 0.46 14% =
Young 0.19 18% 0
Summary 0.36 100% .

-1.0 0.5 0.0 0.5 1.0
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Vitamin D and preeclampsia(fixed effect)

Study %
1) ES(95% Cl) Weight
i
Bodnar (2007 : - 1.61 (055, 2 67) 6ea
Shand (2010 - : -0.08 {-1.16,0.97) 6.52
Shand (2010) -+ § 0.33 (-0.61, 1.27) 8.42
Shand  (2010) - . -0.56 (-1.65,0.52) 6.32
Baker (2010} E - 1.69 (0.70, 2.67) 7.63
Baker (2010) g - 0.77 (-0.15, 1.69) 8.79
Robirson  {2010) 4:—‘,5-— 1.15 (0.44, 1.87) 14.70
Powe (2010) - ‘ 0.30 (-0.81. 1.51) 5.07
fernandez  (2011) - § 0.30 (-1.35, 1.95) 2.7
Wei (2012) —_—— 0.2 (-0.55, 0.98) 1273
Welta (2012) —Qg—é- 0.10 {-0.51. 0.70) 2048
Overall (1-squared = 51.9%, p = 0.023) @ 0.53 (026, 0.80) 100.00
E
I A '
267 0 267
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Random effects model

Sty %
D ES (95% CIj Weight
i
i
Bodnar {2007) : e 1.61 {055, 2.67) 8.24
1
Shand (2010 - =0.08 (-1.18, 0.97) .16
i
Shand (20109 —.—i_ 0.33 {0081, 1.27) 9.04
1
]
Shand (2010 : -0.56 (-1.85, 0.52) 802
L]
Baker (2010) : + 159 {0.70, 267} 8.88
1
Baker {2040) — Q.77 {015, 1.68) 2.54
1
Robinson  (2010) -.:.—-— 1.15 (.44, 1.87} 11.83
1
Fowe (2010 - 0.30 (-0.81, 1.51) 7.04
i
fernandez (2011} — 0.30 {-1.35, 1.85) 4.59
1
i
Wai (2012) -'.'—:_ 0.22 {-0.55, 0.98) 11.21
1
Watta [2012) “‘—f— 0.10 {-0.81, 0.70) 1215
Owerall (l-squared = 51.9%, p = 0.023) <>- 0,54 {0.13, 0.95) 100.00
i
MOTE: Weighls are from random eects analysis :
T ' T
26T 0 2.67

m



» 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.
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Heterogeneity:

» An intervention that consistently reduces the risk of
criminal behavior by 40% across a range of studies is very
different from:

» One that reduces the risk by 40% on average with a risk
reduction that ranges from 10% in some studies to 70% in

others.
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Study (year)
With energy restriction

Zemel et al (2004)™
Thompson et al (2005)"
Zemiel et al (2005)”
Zemel et al (2005)™

Harvey-Berino et al (2005)"

Zemel et al (2009)™
Faghih et al (2010)™

Van Loan etal. 2011 (201 1)

Smilowitz et al (2011)*

PR S

Dairy and weight change

ot

Mean difference (95% CI)

-4.47(-10.45, 1.51)
-1.80 (-5.45, 1.85)
-5.07 (-8.61, -1.54)
-1.64(-3.17,-0.11)
-1.20 (-4 88, 2.48)
-1.46 (-3.19, 0.27)
-1.56 (-2.61, -0.51)
-0.30 (-1.70, 1.10)
-1.70 (-8.01,4.61)

Josse et al (2011)* 0.20(-1.73,2.13)
Subtotal : -1.29 (-1.98, -0.60)
Without energy restriction E
Barr et al, Females (2000)" ; - 1.40(-2.31,5.11)
Barr et al, Males (2000)" , - 4.00 (-0.99, 8.99)
Zemel et al(maintenance) (20057 . 0.20 (-1.33, 1.73)
Gunther et al (2005)" 0.70 (-0.74, 2.14)
Wennersberg et al (2009)" 0.00 (-0.94, 0.94)
Palacios et al (2010 e 0.90 (-5.02, 6.82)
Subtetal <> 0.33 (-0.35, 1.00)
)
Overall < -0.61(-1.29,0.07)
:
T = T T
-6 2 0 2 4 8



Questions:

» Is there evidence of heterogeneity in true effect sizes?
» What is the variance of the true effects?

» What are the substantive implications of this
heterogeneity?

» What proportion of the observed dispersion is real?
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Identifying and Quantifying
Heterogeneity

» When we speak about dispersion in effect sizes from
study to study we are usually concerned with the
dispersion in true effect sizes, but the observed
dispersion includes both true variance and
random error.

» The mechanism used to isolate the true variance is to
compare the observed dispersion with the
amount we would expect to see if all studies
shared a common effect size.

» The excess portion is assumed to reflect real differences
among studies. This portion of the variance is then used
to create several measures of heterogeneity.
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ASSESSMENT OF HETERDGENETTY

1. Chi-squared test

2. 12 statistic

3. Tau-squared statistic (t2 or Tau?2)
4. Galbraith plot (Radial plot)

5. L'Abbe plot

6. Meta-regression
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0% - 40% might not be iImportant
25% low heterogeneity

S0% - 60% moderate heterogeneity
50% moderate heterogeneity

50% - 90% substantial heterogeneity
75% high heterogeneity

75% - 100% considerable heterogeneity
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Factors affecting heterogeneity statistics

Table 16.1 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
o 0<T J
T 0<T v/

I 0% < 1% < 100%
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Exploring about the source of heterogeneity

» Subgroup analysis:
» Heterogeneity must tend to be minimal in each subgroup
» Between group heterogeneity must be significant.

» Meta-regression:
» A kind of Regression

» Linear association between dispersion and a numeric or an
qualitative variable
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Date of publication
Age

Sex

Gender

Design

Method of intervention

We have to read included studies

carefully
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i

Thompson et al (2005) —_—

Zemel et al(intervention) (2005) ———
"""" Zemel el al (2005)

Harvey-Berino et al (2005)

Zemel et al (2009)

Faghih et al (2010)

Van Loan et al. 2011 (2011)

Smilowitz et al (2011)

Subtotal (l-squared = 7.3%, p = 0.374)

2

Zemel et al{maintenance) (2005)
Gunther et al (2005)
Wennersberg et al (2009)
Palacios et al (2010)

Subtotal (l-squared = 0.0%, p = 0.880)

NOTE: Weights are from random effects analysis i
' I |
< 861 0







Is there any evidence of Publication Bias?

» Funnel plot

» Begg’s funnel plot

» Egger’s test
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Funnel plot
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(Funnel Plot)
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Ejger's publication bias plot

sandardized efect
Fa
|

d 1b 2b

precision



metabias logor selogor, graph(egger) gweight

Egger's publication bias plot

standardized effect
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Erfan Ayubi
metabias a b ¢ d, or egger graph mlabel(trial)

Tests for Publication Bias

Begg's Test
adj. kendall's Score (P-Q) = -39
Std. Dev. of Score = 20.21
Number of Studies = 15
2= =103
Pr> |z| = 0.054
z = 1.88 (continuity corrected)
Pr> |z| = 0.060 (continuity corrected)
Egger's test
Std_gff Coef. std. Err. t Pt [95% Conf. Interval]

slope 3.58846 .3028293  11.85 0.000 2.934237  4.242683
bias .3347999  .5981815 0.56 0.585  -.9574927  1.627092
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metabias logor selogor, graph(begg) gweight

Begg's funnel plot with pseudo 95% confidence limits
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- Key point
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Recommendations on testing for funnel
plot asymmetry

https://handbook-5-1.cochrane.org/chapter_10/10 4 3 1 recommendations_on_testing_for_funnel_plot_asymmetry.htm



If publication bias exists, How much?
» Trim and fill

e 3 ok 3l el 15 ged Ol O4lEl Gl 45 05 Keal Sladlas fil
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metatrim logor selogor, reffect

Meta-analysis

| Pooled 95% CI Asymptotic No. of
Method | EsStT Lower uUpper z_value p_value studies
_______ +____________________________________________________
Fixed | -0.263 -0.375 -0.150 -4 _581 0.000 15
Random | -0.263 -0.375 -0.150 -4_.581 0.000

Test for heterogeneity: Q= 13.942 on 14 degrees of freedom (p= 0.454)
Moment-based estimate of between studies variance = 0.000

Trimming estimator: Lihear
Meta-analysis type: Random-effects model

iteration | estimate ™ # to trim diff
__________ +______________________________________

1 | -0.263 85 3 120

2 | -0.290 20 4 10

3 I -0.307 94 5 8

4 | -0.331 926 5 4

5 I -0.331 26 5 o
Filled
Meta-analysis

| Pooled 95% CI Asymptotic No. of

Method | EStT Lower Upper z_value p_value studies
_______ +____________________________________________________
Fixed | -0.331 -0.435 -0.226 -6.221 0.000 20
Random | -0.323 -0.454 -0.191 -4.814 0.000

Test for heterogeneity: Q= 24.949 on 19 degrees of freedom (p= 0.162)
Moment-based estimate of between studies variance = 0.019

the trim-and-fill
method not only
indicates the
significance of
publication bias
but also provide
bias-adjusted
results
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METATRIM LOGOR SELOGOR, REFFECT FUNNEL
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METAINF

B9 (50 331 S 4 53 3 OlaIlae ST ST il O o Lig! g0 X
metainf logor selogor, eform random
metainf logor selogor, eform random id(#rial) print

Meta-analysis random-effects estimates (exponential form)
Study ommited

A | O
B | O
C | O |
D || o |
E o |
F | @ |
G | O |
H | e |
1 | o I
J | o |
K | l© |
L | e}
M ©}
N | o
(@) | O |
0.67 0.69 0.77 0.86 O.‘92
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Study
i

Flatchear {19549)
Drirvear (1953)

151 Eurapean {(1269)
Haiinfsaimo (1 71y
laliam (1971}

2 Eurcpean (1571}
Zmd Frankfurt {(1973)
188 Australian (197 3)
MHLB! SEAIT (1974)
Valere (1575}

Frank (1975}

LK Collaboralive (1978)
Elim (18TE)

Austrian (187 F)
Lasiarra (1977

M German (1977)
Wilchatz (1977)

2nd Ausiraliam (1877
3rd Eurcpesn (1977)
ISAM (1986)

GISSE-1 (198&)

IS15-2 (188EB)
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MHA(UM)SJNO

sort yr

metacum logor selogor, effect(r) eform graph
label(namevar=trial, yearvar=yr) ilevel(99) b2title(Odds
Ratio) xlab(0.1,1,10

Study

D r (999 CI)
A (1968) 1.45 (0.48, 4.39)
B (1969) —_— 1.04 (0.54, 2.00)
C (1971) S 1.09 (0.62, 1.90)
D (1971) _— 1.08 (0.69, 1.68)
E (1973) —_— 1.03 (0.73, 1.45)
F (1974) —_ 1.02 (0.74, 1.42)
G (1974) —_ 0.99 (0.74, 1.32)
H (1975) —_— 0.98 (0.75, 1.29)
1 (1977) — 0.99 (0.76, 1.29)
J (977) — 0.91 (0.74, 1.13)
K (1979) — 0.91 (0.74, 1.12)
L (1980) — 0.84 (0.71, 1.00)
M (1980) —- 0.79 (0.68, 0.92)
N (1981) - 0.77 (0.67, 0.90)
O (1981) - 0.77 (0.66, 0.89)

T T

1 1 10

Odds Ratio

yoq



metatrim logor selogor, eform graph idvar(trial) cline
xline(1) xlabel(.1,1,10) b2title(Odds Ratio)

Combined
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Meta-analysis steps and reporting:

» Effect size calculation
» Summary effect calculation

» Exploring about heterogeneity
- Subgroup analysis
- Meta-regression

» Sensitivity analysis

» Publication bias

163






Meta-analysis softwares
» SAS

» R

» STATA

» REVMAN

» Comprehensive meta-analysis
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File Edit

=15 L TRE NR RSN AR fe: TN

Data

Graphics

Statistics

User

Review x|
/ Command rc

Variables x

Mame Label Type Format

F:\5tataSE 11\5StataSE 11

Window Help
(%]
N (Y]
A A S S—
/ Y S Y S 11.0 Copyright 1984-2009
Statistics/Data Anmalysis StataCorp
4905 Lakeway Drive
special edition College station, Texas 77845 UsA
800-5TATA-PC http://www. stata.com
979-696-4600 statalBstata. com

979-696-4601 (fax)

single-user sStata license expires 31 Dec 9999:
serial number: 71606281563
Licensed to: STATAForall
STATA

Notes:
1. (/m# option or -set memory-) 50.00 MB allocated to data
2. (/v# option or -set maxvar-) 5000 maximum variables
3. New update available; type -update all-

running F:\StataSe 11‘\Statase 11‘profile.do ...

Command




File Edit Data Graphics Statistics User Window Hel, =2
= == Main | Binary... | Continuous... | Effect... | Graph Opts | #4n Main | Binary... | Continuous... | Effect... s | if/in
EE® @ - E- R IE0 0 (B | | et [in_| (B | | ot | GOt [ 10|
Review = | Type of Data: General Options: Type of Data: General Options: m
; Command c /— —/ @ Court () Cortinuous () Effect/Cl () Effect/SE [ noKesp @ Count () Cortinuous () Effect/Cl () Effect/SE [Mnokeep
1 db metan 7 7 Vars for Courts: a. b, ¢. d. in that order [lievel: Viars for Counts: a, b, ¢, d, in that order [Cieve:
Statist] T . = .
2 dbmetabias | ] Edeve: | [o] Clokevet:
i m L]
i :E metatrim Weight Var Weight Var
metacum
Labels for Dat: Labels for Data:
cingl Name: [+] Name: [+
ingle-usq = =
g Sef Year: hd Year: Bd
I .
By Variable: By Options: By Variable: By Options:
Notes: By: | |Z|| [ noSubGroup By: | |Z|| [ noSubGroup
1. Sort Data: [ sqWeight Sort Data: []sgWeight
2.
3 B | ] B. | )
running F " : ; -
[0k [ Cancel |[ Submi [ oK [ cCancel |[ Submt |
Variables X db metar
— S - = = - = 1r_—J
Mame Label Type db metah. metabias 1.2.4 - Publication Bias in Meta-ana... | ol S | metatrim 1.0.5 - "Trim and Fill” Analysis | = = |
db metat||| " |f/n Vein i
Type of Data: Type of Data
db metac ® Theta, SE & Theta, V O xp(Theta), C @ Theta, SE () Theta, Var ) exp(Theta), CI
@ Theta, () Theta, Var (@] a),
- o <= Vars for theta, seftheta), in that order
Vars for theta, settheta), in that onder |z”
] Estimate Fooling = - =
By Variable: | |Z|| @ Lingar @ Eform GlEIph
N | Fii | Funnel I
Command Graph: Run () Random I'u'lli:ied Punmn
T
© None © Begg © Egger O0udate [0 yaable:
[] Size Graph Symbol by Weights [ Save filled: | || File Name |
- . . ( 0K ) [ Cancel | [ Submi [] Save gph: | || File Name |
y, & M B 5 .
F:\StataSE 11%5tataSE 11 l 0 I [ Cancel ] [ ] P |[NUM || OVR




WORKED EXAMPLE FOK CONTINIOUS DATA (MEAN DIFFERENCE)
[MPACT OF INTERVENTION ON READING SCORE

Study

Mean
Carroll 04
Grant 98
Peck 08
Donat 94
Stewart 98

Young 96

Treated

SD

22
21
28
19
21
21

N

60
65
40
200
50
85

Mean

92
92
88
82
88
92

Control

sD

20
22
26
17
22
22

60
65
40
200
45
85




Step 1. Compute g and Vg

g D= treated_mean- control_mean

g swithin_num=(( treated_n-1)* treated_sd"2+( control_n-1)* control_sd”2)
g swithin_den= treated_n+ control_n-2

g swithin2=sqrt( swithin_num/ swithin_den)

g d=( treated_mean- control_mean)/ swithin2

g vd_1= (treated_n+ control_n)/ (treated _n* control_n)
g vd_2= (d*2)/(2*( treated_n+ control_n))

gvd=vd 1+vd 2

g se_d=sqrt( vd)

g 1=3/(4*df-1)
gj=lj: 1

gg=j*d
g vg=j"2* vd
g se_g=sqrt( vg) 171



2.000
6.000
10.000
12.000
10.000
4.000

Step 1. Compute g and Vg

5 within

21.024
21.506
27.019
18.028
21.479
21.506

0.095
0.279
0.370
0.666
0.466
0.186

1772

Vi

0.033
0.031
0.051
0.011
0.043
0.024

0.994
0.994
0.990
0.998
0.992
0.996

0.095
0.277
0.367
0.664
0.462
0.185

0.033
0.031
0.050
0.011
0.043
0.023




Study

Carroll
Grant
Peck
Donat
Stewart
Young

Step 2. Fixed effect computations

Effect
size

Y

0.095
0.277
0.367
0.664
0.462
0.185

Variance
within

Viy

0.033
0.031
0.050
0.011
0.043
0.023

Weight

W

30.352
32.568
20.048
95.111
23.439
42.698

244,215

Calculated quantities

WY

2.869
9.033
7.349
63.190
10.824
7.906

101.171

wy?

0.271
2.505
2.694
41.983
4.999
1.464

W

921.214

1060.682

401.931

9046.013

549.370

1823.115

53.915 HHHHHHHIH




W,‘ - Fixed-effect statistics
& - Step 3
(S
k SEM — VM P p
3wy, .
M = =] LLy = M — 1.96 x SEy Mean and precision
k ; Mean effect M 0.4143
Z Wi ULy = M + 1.96 % SE. Variance V 0.0041
=1
Standard error Se 0.0640
|
Z W, M Confidence intervals
i=1 L= SEL Lower limit (95%) LL 0.2888
K Jalrir
Upper limit (95%) UL s 0.5397
pP = | — '1[1[_ ! Z| ) Test of the null that M=0
Z for test of null zZ 6.4739
_ ; p-value (1-tailed) Py 0.0000
p= 2[| — (ﬂ'»'l_ & ,:']
p-value (2-tailed) P2 0.0000




Step 4

Heterogeneity statistics

Q statistic #, 12.0033
degrees of freedom df 5.0000
- C 187.6978
Tau-squared T 0.0373

175



Vi = Vy

L

L E*.
.

Step 5. Random effects computations

Study

Carroll
Grant
Peck
Donat
Stewart
Young

Effect

size

Y

0.095
0.277
0.367
0.664
0.462
0.185

Variance Variance

Within

Viy

0.033
0.031
0.050
0.011
0.043
0.023

Between

-Ir.2

0.037
0.037
0.037
0.037
0.037
0.037

Variance
Total

v Total

0.070
0.068
0.087
0.048
0.080
0.061

Weight

W-‘ﬁ'

14.233
14.702
11.469
20.909
12.504
16.466

90.284

Calculated

guantities

W*y

1.345
4.078
4,204
13.892
5.774
3.049

32.342

176




ll-"';-l = Vy, 4

Step 6

Random-effects statistics

Mean and precision
Mean effect

Variance

Standard error

Confidence intervals
Lower limit (95%)
Upper limit (95%)

Test of the null that M=0
Z for test of null

p-value (1-tailed)

p-value (2-tailed)

M-’ﬁ'

Se A

LL (%
UL pye

0.3582
0.0111

0.1052

0.1520
0.5645

3.4038
0.0003

0.0007




FIXED EFFECTVS. RANDOM EFFECTS

db metan

metan d se_d, label(namevar=Author) fixed
metan d se_d, label(hamevar=Author) random

metan treated_n treated _mean treated_sd control_n control_mean control_sd,
label(namevar=Author) fixed

metan treated_n treated _mean treated_sd control_n control_mean control_sd,
label(namevar=Author) random

178



study | SMD [95% Conf. Interwval] % weight
_____________________ +___________________________________________________
carroll | 0.095 —0.263 0.453 15.75
Grant | 0.279 —0. 067 0.624 16. 28
Peck | 0.370 —0.072 0.812 12.63
Donat |  0.666 0.464 0. 867 23.26
Stewart | 0.466 0. 057 0.874 13. 80
Young |  0.186 —-0.115 0.487 18.27
_____________________ +___________________________________________________
D+L pooled sMD | 0.360 0.153 0. 567 100. 00
_____________________ +___________________________________________________
Heterogeneity chi-squared = 11.93 {(d.f. = 5) p = 0.036
I-squared (variation in 5MD attributable to heterogeneity) = 58.1%
Estimate of between-study variance Tau-squared = 0.0373

Test of sMD=0 : z= 3.41 p = 0.001

179



Study %%

1o SMD (95% CI) Weight
1
1

Camell : 0.10 {-0.28, D.45) 18.75
1
1
1

Grant o : 0.28 {-0.07, 0.82) 168.28
1
1
1

Pedk 0.37 (-0.07, 0.81) 12.83
1
1
1
1

Donat | —— (.87 (0.48, D.87) 2328
1
1
1

Stewart : 0.47 (0.08, 0.87) 13.80
1
1
1

Young i | 0.19{-0.12, 0.49) 1827
1

Owerall {l-sguared = 58.1%, p=0.028) 0.36 (0.15, 0.57) 100.00
1
1
1
1

NOTE: Weights are from random effects analysis 1
1
1

T T

-874 0 BT74



PUBLICATION BIAS

db metabias
metabias d se_d, graph(begg)
metafunnel d se d

Tests for Publication Bias

Begq's Test

adj. kendall’'s sScore (P-Q) = -1
std. Dev. of score = 5.32
Number of Studies = [
zZ = -0.19
Pr > |z| = 0.851
zZz = 0.00 (continuity corrected)
Pr = |z| = 1.000 (continuity corrected)
Egger 's Test
std_Eff Coef. std. Err. T P [95% Conf. Interwal]
slope . 09426323 . 2952915 3.19 0.033 LA227716 1.762493
bias —3.47539 1. 875146 -1.85 0.137 —-8. 681629 1.73085
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Funnel plot

Funnel plot with pseudo 95% confidence limits

Begg's funnel plot with pseudo 95% confidence limits
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Trim and Fill

Fooled a5% CI Asymptotic Mo. of

|
Method | Est  Lower Upper z_walue p_wvalue studies
_______ +____________________________________________________
Fixed | 0.417 0.291 0. 543 6.480 0. 000 6
random | 0. 360 0.153 0. 567 3.413 0. 001

Test for heterogeneity: Q= 11.931 on 5 degrees of freedom (p= 0.036)
Moment-based estimate of between studies variance = 0.037

Trimming estimator: Linear
Meta-analysis type: Random-effects model

iteration | estimate T # to trim diff
__________ +______________________________________
1 | 0. 360 10 (1] 21
2 | 0. 360 10 0 0

Note: no trimming performed; data unchanged

Filled
Meta-analysis

| Pooled 95% CI Asymptotic No. of
Method | EsT Lower Upper z_wvalue p_value studies
_______ +____________________________________________________
Fixed | 0.417 0.291 0.543 6.480 0. 000 6
random | 0. 360 0.153 0. 567 3.413 0. 001

Test for heterogeneity: Q= 11.931 on 5 degrees of freedom (p= 0.036)
Moment-based estimate of between studies variance = 0.037

(R



[RIM AND FILL, FUNNEL

Filled funnel plot with pseudo 95% confidence limits

s.e. of: theta, filled




CUMULATIVE META-ANALYSIS

Study

ID ES (95% ClI)
Carroll 1.10(0.77, 1.57)
Grant 1.21 (0.94, 1.55)
Peck 1.26 (1.02, 1.57)
Donat —— 1.59 (1.37, 1.85)
Stewart —— 1.59 (1.39, 1.83)
Young ——  1.52(1.34,1.72)

542 1 1.85



WORKED EXAMPLE FOR DICHOTOMOUS DATA
00DS RATIO (OR)

Study

Events
Saint 12
Kelly 8
Pilbeam 14
Lane 25
Wright 8

Day 16

Treated

Non-Events Total N

53
32
66
375
32
49

65
40
80
400
40
65

Events

16
10
19
80
11
18

Control

Non-Events Total N

49
30
61
320
29
47

65
40
80
400
40
65




Step 2
Compute OR, InOR and VINOR

The computational formula for the odds ratio is
AD
OddsRatio = ——.
ddsndtio BC
The log odds ratio is then
LogQddsRatio = In(OddsRatio),

with approximate variance

| 1 1

1
ViogoddsRatio == +—= +—= + —
LogOddsRat A B c D

and approximate standard error

SELog OddsRatio — \// VL(Jg OddsRatio-

OddsRatio = exp(LogOddsRatio).
LLoddsRatio = exp( LLL()g()(I(/XR(IfiU ),
and

(/’L()dd.vkalin =¢C XP( (’ILI_lI.L‘()(I(I\‘R(llitl ).

OR

0.6934
0.7500
0.6810
0.2667
0.6591
0.8526

InOR

-0.3662
-0.2877
-0.3842
-1.3218
-0.4169
-0.1595

VINnOR

0.1851
0.2896
0.1556
0.0583
0.2816
0.1597




Y=InOR
W=—
Vy

STEP 3
FIXED EFFECT COMPUTATIONS

Effect Variance i
] o Weight
size within

Study Y Vy w
Saint -0.366 0.185 5.402
Kelly -0.288 0.290 3.453
Pilbeam -0.384 0.156 6.427
Lane -1.322 0.058 17.155
Wright -0.417 0.282 3.551

Day -0.159 0.160 6.260

188

Calculated quantities

WY wy? W’

-1.978 0.724  29.184
-0.993 0.286  11.925
-2.469 0.948 41.300

-22.675 29.971 294.298

-1.480 0.e17 12.607
-0.998 0.159  359.190




STEP 4

FIXED - EFFECT STATISTICS AS LOG ODDS RATIOS
SEy = /Vy.

LLy =M — 1,96 x SEy Mean and precision
Mean effect M -0.724
ULy = M + 1.96 x SEy. Variance Vo 0.024
Standard error Se 0.154

Confidence intervals

M

o — T Lower limit (95%) iy -1.026
T Upper limit (95%) UL .0.423

p = P ,:[][ | i?l}' Test of the null that M=0
: Z for test of null 4 -4.707
_ p-value (1-tailed) P 0.000

i ¥} . 171\ _

P=« [I ({1”- Z ,)] J 189 | p-value (2-tailed) Pz 0.000




Fixed effect statistics as odds ratios

Mean and precision
Mean effect M

Confidence intervals
Lower limit (95%) LL oy
Upper limit (95%) UL p4

0.4847

0.3585
0.6553
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STEP )
COMPUTE TAU-SQUARED

Heterogeneity statistics

Q statistic

degrees of freedom
C

Tau-squared

df

10.5512

5.0000
32.1052
0.1729




e
V - f

r
Vy,

RANDOM EFFECTS COMPUTATIONS

Study

Saint
Kelly
Pilbeam
Lane
Wright
Day

STEP b

Effect
size

Y

-0.366
-0.288
-0.384
-1.322
-0.417
-0.159

Variance
Within

192

Vy

0.185
0.290
0.156
0.058
0.282
0.160

Variance
Between

-!-2

0.173
0.173
0.173
0.173
0.173
0.173

Variance
Total

v Total

0.358
0.462
0.329
0.231
0.455
0.333

Weight
W*

2.793
2.162
3.044
4.325
2.200
3.006

Calculated
quantities

W#*y

-1.023
-0.622
-1.169
-5.717
-0.917
-0.479



Mean and precision
Mean effect

Variance

Standard error

Confidence intervals
Lower limit (95%)
Upper limit (95%)

Test of the null that M=0
Z for test of null

p-value (1-tailed)
p-value (2-tailed)

M*
V e

5e ¢

LL pp+
UL pq+

Z*

p*;

STEP |
RANDOM - EFFECTS STATISTICS

-0.5663
0.0570

0.2388

-1.0344
-0.0982

-2.3711
0.0089

0.0177

\‘73

Random effects statistics as odds ratios

Mean and precision
Mean effect M

Confidence intervals
Lower limit (95%) LL s
Upper limit (95%) UL s

0.5676

0.3554
0.9065




WORKED EXAMPLE IN STATA

g OR=( treated_events* control_nonevents)/( treated_nonevents* control_events)
g Inor=In( OR)

g varlnor=(1/ treated_events)+(1/ treated_nonevents)+(1/ control_events)+(1/
control_nonevents)

g w=1/ varlnor

g se_lInor=sqrt( varlnor)
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HIXED EFFECT

. metan Inor se_lnor, label(namevar=author) fixed xlabel(0.1, 200) astext(80)

Study | ES [95% Conf. Interwval] % Weight
_____________________ +___________________________________________________
saint | —0.366 -1.209 0.477 12.79
Kelly | —0.288 -1.342 0.767 8.17
Pilbeam | -0.384 -1.157 0. 389 15.21
Lane | -1.322 -1.795 -0. 849 40. 61
Wright | —0.417 -1.457 0.623 8.40
Day | —0.159 —0.943 0.624 14.82
_____________________ +___________________________________________________
I-v pooled ES | —-0.724 -1.026 -0.423 100. 00
_____________________ +___________________________________________________

Heterogeneity chi-squared = 10.55 (d.f. = 53) p = 0.061
I-squared (variation in ES attributable to heterogeneity) = 52.6%

Test of ES=0 : z= 4.71 p = 0.000
. metan Tnor se_lnor, label(namevar=author) fixed x1abel (0.1, 200) eform astext(80)

Study | ES [95% Conf. Interwal] % weight
_____________________ +___________________________________________________
Saint | 0.693 0.298 1.611 12.79
Kelly |  0.750 0.261 2.153 8.17
PiTheam | 0.681 0.314 1.475 15.21
Lane | 0.267 0.166 0.428 40.61
wright | 0.659 0.233 1. 865 8.40
Day | 0.853 0. 390 1. 866 14.82
_____________________ +___________________________________________________
I-v pooled ES | 0.485 0. 359 0.655 100. 00
_____________________ +___________________________________________________

Heterogeneity chi-squared = 10.55 (d.f. = 5) p = 0.061
I-squared (variation in E5S attributable to heterogeneity) = 52.6%

Test of E5=1 : z= 4.71 p = 0.000



Study

Saint

Kelly

Pilbeam

Lane

Wright

Day

Overall (-squared = 52.6%, p = 0.061)

ES (95% CI)

0.69 (0.30, 1.61)

0.75 (0.26, 2.15)

0.68 (0.31, 1.48)

0.27 (0.17, 0.43)

0.66 (0.23, 1.86)

0.85 (0.39, 1.87)

0.48 (0.36, 0.66)

Weight

12.79

8.17

1521

40.61

8.40

14.82

100.00

170



RANDOM EFFECTS

. metan Inor se_lnor, label(namevar=author) random xlabel(0.1, 200) astext(80)

Study | ES [95% conf. Interwval] % Weight
_____________________ +___________________________________________________
saint | —0.366 -1.209 0.477 15.93
Kelly | -0.288 -1.342 0.767 12.33
Pilheam | —0.384 -1.157 0.389 17.36
Lane | —1.322 -1.795 —-0.849 24.67
wright | —-0.417 -1.457 0.623 12.55
Day | -0.159 -0.943 0.624 17.15
_____________________ @
D+L pooled ES | —0.566 ~1.034 —0.098 100. 00
_____________________ +___________________________________________________

Heterogeneity chi-squared = 10.55 (d.f. = 5) p = 0.061
I-squared (variation in E5 attributable to heterogeneity) = 52.6%
Estimate of between-study variance Tau-sgquared = 0.1729

Test of ES=0 : z=  2.37 p - 0.018 Tabel (namevar=author) random x1abel(0.1, 5) eform astext(80)

Study | ES [95% conf. Interwval] % wWeight
_____________________ +___________________________________________________
saint | 0.693 0. 298 1.611 15.93
£elly | 0.750 0. 261 2.153 12.33
#ilbeam | 0.681 0. 314 1.475 17.36
Lane |  0.267 0.166 0.428 24._67
Wright | 0.659 0.233 1. 865 12.55
Day | 0.853 0.390 1. 866 17.15
_____________________ +___________________________________________________
L pooled ES | 0.568 0. 355 0. 906 100. 00
_____________________ +___________________________________________________

Heterogeneity chi-squared = 10.55 (d.f. = 5) p = 0.061
I-squared (variation in ES attributable to heterogeneity) = 52.6%
Estimate of between-study wvariance Tau-squared = 0.1729

Test of ES=1 : z= 2.37 p = 0.018



Study

Saint

Kelly

Pilbeam

Lane

Wright

Day

Overall (l-squared = 52.6%, p = 0.061)

NOTE: Weights are from random effects analysis

ES (95% Cl)

0.69 (0.30, 1.61)

0.75 (0.26, 2.15)

0.68 (0.31, 1.48)

0.27 (0.17. 0.43)

0.66 (0.23, 1.86)

0.85 (0.39, 1.87)

0.57 (0.36, 0.91)

Weight

15.93

12.33

17.36

24 67

12.55

17.15

100.00
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PUBLICATION BIAS

. db metabias

- metabias Tnor se_lnor, graph(begg)

Mote: default data input format (theta, se_theta) assumed.
Tests for Publication Bias

Begg's Test

adj. kKendall's score (P-Q) = -1
ctd. Dev. of Score = 5.32
Number of Studies = 6
= -0.19
Pr = |z| = 0.851
z = 0.00 (continuity corrected)
Pr = |z| = 1.000 (continuity corrected)
Egger’'s test
std_gff Coef. std. Err. T P=|t] [95% conf. Interwval]
slope -2.188209 4091311 -5.35 0. 0D —3.324139 -1.052279
bias 4. 057079 1. 085648 3.74 0. 020 1.042836 F.071322
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Begg's funnel plot with pseudo 95% confidence limits

Funnel plot with pseudo 95% confidence limits
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Egger's publication bias plot
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metatrim Tnor

Meta-analysis

se_Inor, eform

TRIM AND FILL

metatrim Inor se _Tnor,

Meta-analysis

reffect eform

hod | Pooled 93% CI A?ymptotﬁCT No.dqf | Pooled 95% CI Asymptotic No. of
TfE_?__l _____ EEE___E?fft___HEEfi__E:ff_ff__f:ff_ff___fEE_lff Method | Est Lower Upper z_value p_value studies
B - IR o
Fixed | -0.724 -1.026 -0.423 —4.707 0. 000 [+] ;
Fixed | -0.724 -1.026 -0.423 -4.707 0.000 6
Random | -0.566 -1.034 -0.098 -2.371 0.018 Random | -0.566 -1.034 -0.098 -2.371  0.018

Test for heterogeneity: Q= 10.551 on 5 degrees of freedom (p= 0.061)

Moment-based estimate of between studies variance = 0.173 Test for heterogene1ty Q= 10.551 on 5 degrees of freedom (p= 0.061)
Moment-based estimate of between studies variance = 0.173
Trimming estimator: Linear Trimming estimator: Li
Meta-analysis type: Fixed-effects model Meta-analysis Type: '“f“ offects el
iteration | estimate TN # to trim diff . .
__________ P iteration | estimate ™ # to trim diff
1 | -0.724 15 2 A TTTTmmTTTT L5t
2 | -0.879 20 3 10 1 |  -0.566 15 2 21
3 | -0.981 20 3 0 2 | -0.707 15 2 0
Filled Filled
Meta-analysis (exponential form) Meta-analysis (exponential form)
| Pooled 95% CI Asymptotic No. of | Pooled 5% CI AsympTotic No. of
Method | Est Lower Upper z_wvalue p_value studies Method | ESt  Lower Upper z_wvalue p_wvalue studies
_______ +____________________________________________________ _______+____________________________________________________
Fixed | 0.375 0.289 0.486 —7.432 0. 000 9 Fixed | 0.443 0.337 0.581 -5.872 0. 000 8
Random | 0.402 0.258 0.626 —4.040 0. 000 Random | 0.486 0.332 0.712 -3.700 0.000

Test for heterogeneity: Q= 21.277 on 8 degrees of freedom (p= 0.006)

Test for heterogeneity: Q= 12.438 on 7 degrees of freedom (p= 0.087)
Moment-based estimate of between studies variance = 0.274

Moment-based estimate of between studies variance = 0.127
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Filled funnel plot with pseudo 95% confidence limits

s.e. of: theta, filled
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