Meta-analysis of genetic association studies
(Zintzaras and Lau 2008 J Clin Epidemiol)



Genetic association studies (GAS) assess the
association between disease status and genetic
variants (gene polymorphisms) in a population.

Often for specific disease multiple GAS are
conducted for the same variant.

However, the study results are never completely
homogenous and it is difficult to make inferences
whether a variant is responsible for developing the
disease.

Then, meta-analysis can play arole.



Example — MTHFR C677T and Breast Cancer

Eleven GAS were conducted to investigate the association
between MTHFR C677T (wt=C and mt=T) variant and
susceptibility to breast cancer (BC). The results were as
follows (the P-value of the chi-square test can be calculated
using the URL http://www.guantpsy.org/chisg/chisg.htm):

Breast Cancer Helathy controls
MTHFR C677T TT TC CC TT TC CC P-value
GAS
1 15 23 28 11 21 25 0.70
2 43 162 110 23 92 118 <0.01
3 25 85 80 12 87 94 0.05
4 94 242 178 65 215 215 <0.01
5 32 96 58 17 80 50 0.27
6 7 38 43 24 145 173 0.73
7 343 695 274 196 577 387 <0.01
8 43 140 135 74 196 140 0.01
9 27 141 166 50 259 242 0.14
10 8 91 134 13 104 181 0.66
11 351 786 362 155 509 440 <0.01



http://www.quantpsy.org/chisq/chisq.htm

Breast Cancer Helathy controls
MTHFR C677T 1T TC CC 1T TC CC P-value
GAS
1 15 23 28 11 21 25 0.70
2 43 162 110 23 92 118 <0.01
3 25 85 80 12 87 94 0.05
4 94 242 178 65 215 215 <0.01
5 32 96 58 17 80 50 0.27
6 7 38 43 24 145 173 0.73
7 343 695 274 196 577 387 <0.01
8 43 140 135 74 196 140 0.01
9 27 141 166 50 259 242 0.14
10 8 91 134 13 104 181 0.66
11 351 786 362 155 509 440 <0.01

The GAS derived diverse results:
In 6 GAS, the association was significant (P<0.05) and

in 5 GAS, the association was not significant (P20.05)



Breast Cancer Helathy controls
MTHFR C677T TT TC CC TT TC CC P-value
GAS
1 15 23 28 11 21 25 0.70
2 43 162 110 23 92 118 <0.01
3 25 85 80 12 87 94 0.05
4 94 242 178 65 215 215 <0.01
5 32 96 58 17 80 50 0.27
6 7 38 43 24 145 173 0.73
7 343 695 274 196 577 387 <0.01
8 43 140 135 74 196 140 0.01
9 27 141 166 50 259 242 0.14
10 8 91 134 13 104 181 0.66
11 351 786 362 155 509 440 <0.01

Thus, based on the current evidence it is hard to draw a

safe conclusion regarding the association between
MTHFR C677T variant and BC development and we
need to provide an overall estimate that shows the
magnitude of association.

In this instance a meta-analysis can play a role.




What is a meta-analysis?

Meta-analysis is a technique that synthesizes the
results of individual GAS

However, prior to synthesis of results from individual
GAS, we must specify the genetic model and the
metric (or measure) for expressing the magnitude of
association for each GAS.

The magnitude of association is expressed by the
odds ratio (OR).



Meta-analysis allows us

1) to estimate the overall (pooled) OR after
combining multiple GAS,

I1) to explore the sources of heterogeneity across
studies and

Il1) to investigate the existence of publication bias.

However, the synthesis of results is not just the
simple sum of the data obtained from all GAS but it is
a procedure that “weights” the results of each study
according to its precision (which is expressed as

variance).



Genetic models

In meta-analysis of GAS, we explore various genetic
models of genotypes by merging genotypes. These
models include:

- recessive model:
homozygous for mt (mt/mt) vs. wt-carriers

- dominant model:
mt-carriers vs. homozygous for wt (wt/wt)

- additive model:
homozygous for mt vs. homozygous for wt

- co-dominant model:
heterozygous (wt/mt) vs. all homozygotes



Recessive model

For each study, we merge the genotypes (mt/mt vs.
mt/wt+wt/wt) and then, we calculate the OR with the

respective 95% CI.
The data of the 1st GAS is as follows:

MTHFR C677T | Cases-BC | Controls
TT (mt/mt) 15 11
TC (mt/wt) 23 21
CC (wt/wt) 28 25




After merging the genotypes (mt/mt vs. mt/wt+wt/wt) for

expressing the recessive model the data of the 1st
GAS is as follows:

Cases-BC

Control

Outcome Total
(T) (C)

mt/mt s: =15 sc=11 s =26

wt-carrier (mt/wt+wt/wt) f; =51(23+28) | f. =46 (21+25) f=97

Total n; =66 n. =57 n=123




Odds ratio, OR

The OR is given by the following formula:

ﬁ
OR = "prob."of BCwhenmt/mt ) _| s |_{s;f;
"prob." of BC whenwt - carrier f s.fr
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The In(OR) is: 8=In~OR= In[STfC]
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The variance of 8=In(OR) is: velr(9)=$1 +S et
T C T C

The standard error of @ is: SE(8)=,/var(8)



Then, the 95% CI of 8=In(OR) is

(0-1.96*SE, 6+1.96* SE)

In order to estimate the 95% CI of the OR we calculate
the anti-log, i.e. we calculate the exponentials of the
upper and lower limits (note: e"®=x)

In(OR)-1.96*SE
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Example- MTHFR C677T and Breast Cancer

Cases-BC Control
Outcome Total
(T) (C)
mt/mt s: =15 sc=11 s =26
wit-carrier (mt/wt+wt/wt) f; =51 fo =46 f=97
Total n; =66 n. =57 n=123

The OR of BC when homozygous mt/mt relative to wt-
carrier (mt/wt+wt/wt) Is given by:
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OR = — | =
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An OR=1.23 means that there is 23% more chance of
BC when mt/mt than when wt-carrier.



Cases-BC Control
Outcome Total
(T) (©)
mt/mt s;=15 sc=11 s =26
wt-carrier (mt/wt+wt/wt) f; =51 fo =46 f=97
Total n; = 66 n. =57 n=123

8 =In(OR) =In(1.23) = 0.21

var@ = 1+ lalul o 1,1, 1,1 _ g

s, s, f. f. 15 11 51 46

SE (8) = ,Jvar (6) = /0.20 = 0.45

Then, the 95% CI of 8=In(OR) is

(6-1.96*SE(8), 8+1.96*SE(8))=
(0.21-1.96*0.45, 0.21+1.96 * 0.45) = (-0.67, 1.09)



The 95% Cl of 8=In(OR) is  (-0.67,1.09)

Then, the 95% CI of OR is (e'°'67, e“’g) =(0.51, 2.95)

Thus, with 95% confidence we can claim that the OR lies
from 0.51 to 2.96.

The 95% CI of OR includes “1” and therefore, the OR is
not significant at P=0.05.



Recessive model for all GAS

Then, the data of all studies are as follows:

MTHFR C677T Cases Controls RESULTS
GAS mt/mt | Total | mt/mt | Total OR | 95%LL | 95%UL
1 15 66 11 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 2.47
3 25 190 12 193 2.29 1.11 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 208 0.78 0.32 1.91
1 351 1499 155 1104 1.87 1.52 2.30




MTHFR C677T Cases Controls RESULTS
GAS mtmt | Total | mtmt | Total OR | 95%LL | 95%UL
1 15 66 11 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 2.47
3 25 190 12 193 2.29 1.11 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 298 0.78 0.32 1.91
11 351 1499 155 1104 1.87 1.52 2.30

The GAS derived diverse results:

In 8 GAS, the OR was >1, indicating that an homozygous
mt/mt subject has greater chance of developing BC

relative to a wt-carrier (mt/wt+wt/wt) subject




MTHFR C677T Cases Controls RESULTS
GAS mtmt | Total | mtmt | Total OR | 95%LL | 95%UL
1 15 66 11 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 2.47
3 25 190 12 193 2.29 1.11 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 298 0.78 0.32 1.91
11 351 1499 155 1104 1.87 1.52 2.30

In 3 GAS, the OR was <1, indicating that an homozygous
mt/mt subject has less chance of developing BC relative
to a wt-carrier (mt/wt+wt/wt) subject




MTHFR C677T Cases Controls RESULTS
GAS mtmt | Total | mtmt | Total OR | 95%LL | 95%UL
1 15 66 11 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 2.47
3 25 190 12 193 2.29 1.11 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 298 0.78 0.32 1.91
11 351 1499 155 1104 1.87 1.52 2.30

In 4 GAS, the OR was significant and in 7 GAS, the OR

was non-significant.




Practice in XL

Enter the data of the 11 GAS in XL file META_OR_GAS (yellow color).
Then, the OR and the respective 95% CI of each GAS is calculated.
Note that this file contains all the results of the subsequent meta-
analysis. Also, data to be used in SPSS for analysis later are shown
(blue and green color).
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Graphical presentation of data

In meta-analysis, the data are graphical displayed
using a Cl plot (forest plot).

This plot provide information on the magnitude of the
individual study estimates of treatment difference, an
Indication of the precision of these estimates and a

means of assessing consistency amongst the studies.

When an overall estimate has been calculated, this
can be included.



Example - MTHFR C677T and Breast Cancer

Eleven GAS were conducted to investigate the
association between MTHFR C677T variant and BC.
The results were as follows:

MTHFR Cases Controls RESULTS
GC;GSWT mt/mt Total | mtmt | Total OR | 95%LL | 95%UL
1 15 66 1 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 247
3 25 190 12 193 2.29 111 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 208 0.78 0.32 1.91
1 351 1499 155 1104 1.87 1.52 2.30




In plotting the results, the y-axis depicts the GAS and the
Xx-axis the ORs with the respective 95% Cls, the x-axis is
always shown in logarithmic scale for making the visual
presentation easy.
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Practice in SPSS

Copy-paste the data from XL file META_OR_GAS to SPSS.
Then, in SPSS, the graph is contracted as follows:
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Combination of estimates of a treatment difference
across trials — pooled estimates

In combining the results from multiple GAS, the pooled
estimate of OR can be estimated using two approaches:
the fixed effects (FE) model and the random effects
(RE) model.

The FE model assumes that the GAS are homogeneous
In terms of magnitude of association (ie the differences
In OR across studies are due to chance).

Then the pooled estimate of OR is given by the
weighted average of the ORs of the GAS included in the
meta-analysis. The weight is the precision of each GAS
(i.e. the variance).



The RE model assumes a genuine diversity in the ORs
of various GAS, and it incorporates to the calculations
a between study variance.

Hence, when there is significant heterogeneity between
GAS, the pooled estimate of the OR is calculating
using the RE model.



Heterogeneity

Heterogeneity is a consequence of different
populations, sampling strategies and methodological
(in genotypying, clinical setting, blindness of the
laboratory personnel, etc) diversity across studies.



Fixed effects model

Lets consider the magnitude of association for GAS |,
0.=In(OR)).

Then, the pooled estimate of treatment difference 0,
IN(OR,) (ie the meta-analysis’ global outcome or
pooled effect) is a weighted mean of 0.’s:

5 — ;W‘G‘ - W0+ W, 0,

SR W, + ...+ W,
> w,
-

where n is the number of GAS involved in the meta-
analysis and w; is the weight for trial I.



0.
B ZW' w6, +...+wW 0,

ZWi W, +...+W_

The weight of each trial i is given by the inverse of the
variance of 0. (i,e, an estimate of the precision):

where v, the variance of @, for the GAS i, var(0;) =V,



The standard error of Bp = In(ORp) Is given by

SE0,)= |-

n

The 95% CI for p = In(ORp) is given by

(6, —1.96*SE(0,), 6, +1.96*SE(0,))



In order to estimate the FE pooled ORp, we calculate
the anti-log of 8p = In(ORp),

l.e. we calculate the exponential of 8p = In(ORp) (note:
eln()=x)

) INn(OR
OR,=e" =g

The 95% CI of the FE ORp, is calculated by taking the
anti-log of the limits of the CI,

I.e. we calculate the exponentials of the upper and
lower limits (note: e"®=x)

(eep-1 96*SE(6,) _6,+1.96*SE(0,) )



Example - MTHFR C677T and Breast Cancer

MTHFR C677T Cases Controls RESULTS
GAS mt/mt Total mtmt | Total OR 95%LL | 95%UL
1 15 66 11 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 2.47
3 25 190 12 193 2.29 1.11 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 298 0.78 0.32 1.91
11 351 1499 155 1104 1.87 1.52 2.30
The pooled estimate of treatment difference 8p =In(ORp) is
8
Zwiei
g = _ weo, +...+w, 0., _9.03x%0.21+...+89.08%0.63 _ 0.43

W1 +III+W11

5.03+...+89.08




Example - MTHFR C677T and Breast Cancer

MTHFR C677T Cases Controls RESULTS
GAS mt/mt Total mtmt | Total OR 95%LL | 95%UL
1 15 66 11 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 2.47
3 25 190 12 193 2.29 1.11 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 298 0.78 0.32 1.91
11 351 1499 155 1104 1.87 1.52 2.30
The pooled estimate of treatment difference 8p =In(ORp) is
8
Zwiei
g = _ weo, +...+w, 0., _9.03x%0.21+...+89.08%0.63 _ 0.43

W1 +III+W11

5.03+...+89.08




Example - MTHFR C677T and Breast Cancer

MTHFR C677T Cases Controls RESULTS
GAS mt/mt Total mt/mt Total OR 95%LL | 95%UL
1 15 66 11 57 1.23 0.51 2.95
2 43 315 23 233 1.44 0.84 2.47
3 25 190 12 193 2.29 1.11 4.69
4 94 514 65 495 1.48 1.05 2.09
5 32 186 17 147 1.59 0.84 2.99
6 7 88 24 342 1.15 0.48 2.75
7 343 1312 196 1160 1.74 1.43 2.12
8 43 318 74 410 0.71 0.47 1.07
9 27 334 50 551 0.88 0.54 1.44
10 8 233 13 298 0.78 0.32 1.91
11 351 1499 155 1104 1.87 1.52 2.30
The SE of 8p =In(ORp) is
se( 6, = 111 = L = L =0.057
W, +...twW,, 5.03+...+89.08

(o




The 95% CI of Op = In(ORp) is

(ep -1.96se~6, —, 6, +1.96se~6, 7’=
=(0.429-1.96x0.057, 0.429+1.96%0.057 )=

=(0.32, 0.54)



The FE pooled ORp is calculated by taking the anti-
log of Bp = In(ORp), i.e. we calculate the exponential

of Op = In(ORp) (note: e"®=x):

0 |
OR, =e” =¢ "ORp) _ @043 _1 53

In order to estimate the 95% CI of the pooled OR, ORp,
we calculate the anti-log of the limits, i.e. we calculate
the exponentials of the upper and lower limits of the

95% CI of 8p = In(ORp) (note: el"n®=x):

In(ORp)+1.96*SE) _

(eﬂp-1.96*SE(6p) 6p+1.96*SE<6p)):(eln(ORp)-1.96*SE e

= (e%%, e°*)=(1.37,1.71)

The 1is not included in the 95% CI, thus the FE pooled
ORp is significant.



Practice in XL

In XL, the file META_OR _GAS produces the FE ORp and
the respective 95% CI.
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Testing for heterogeneity

The FE does not consider the variability across
studies and assumes that the studies are
homogeneous in terms of 0i.

Thus, in order to use the FE model, we need first to
test whether a significant heterogeneity across
studies exists.

If heterogeneity does not exist, then we are eligible
to use the FE model; otherwise the RE model
should be used.



The test for heterogeneity is based on the following
formula (Q-statistic):

Q :izn_l‘,wi (ei _ep)2

The Q-statistic is a weighted sum of squares of the
deviations of individual 0i‘s, 8i=In(ORI), from the
pooled estimate 0p.

When the Bi’s are homogeneous, Q follows a x?-
distribution with n-1 df.

If Q is less than the 10% point of the x?-distribution
with n-1 df, there is no significant heterogeneity
across studies.



Example - MTHFR C677T and Breast Cancer

Cases Controls RESULTS
MTHER C677T mt/mt | Total | mt/mt Total 0 OR 95%L L 95%UL
GAS =In(OR)
1 15 66 11 S7 0.21 1.23 0.51 2.95
2 43 315 23 233 0.36 144 0.84 2.47
3 25 190 12 193 0.83 2.29 111 4.69
4 94 514 65 495 0.39 1.48 1.05 2.09
5 32 186 17 147 0.46 1.59 0.84 2.99
6 7 88 24 342 0.14 1.15 0.48 2.75
7 343 1312 196 1160 0.55 1.74 1.43 212
8 43 318 74 410 -0.34 0.71 0.47 1.07
9 27 334 50 551 -0.13 0.88 0.54 1.44
10 8 233 13 298 -0.25 0.78 0.32 1.91
11 351 1499 155 1104 0.63 1.87 1.52 2.30

The pooled estimate of treatment difference is 8p = In(ORp) = 0.43

The heterogeneity Q-statistic is:
11
Q=;wi (8,-6,) =w,(6,-8,) +...+w,,(0,,-8,) =

5.03(0.21-0.43)° +...+89.08(0.63-0.43)* = 27.87



The value Q=27.87 is greater than the 10% point of
the x?-distribution with n-1=11-1=10 df which is
15.99 (see Table below).

Thus, there is significant heterogeneity across
studies (P<0.10).

Table. Percentage points of the y* distribution.
____Pvalue P value P value

f 01 005 df 01 005 df 01 005

a

1271 384 11 1728 1968 21 29.62 32.67
2 461 599 12 1855 21.03 22 30.81 3392
3 625 781 13 1981 2236 23 3201 3517
4
5
6

778 949 14 2106 2368 24 3320 36.42

924 1107 15 2231 2500 25 3438 37.65
10.64 1259 16 23.54 2630 26 3556 3889

~J

1202 1407 17 2477 27159 27 3674 40.11
13.36 1551 18 2599 2887 28 3792 41.34
14.68 1692 19 2720 30.14 29 3909 4256

18.31 20 2841 3141 30 4026 43.77

= oo

Since there is significant heterogeneity across studies
the RE model for estimating the pooled OR should be
used to draw inferences.



Practice in XL

In XL, the file META_OR_GAS tests for heterogeneity.
The exact P-value for Q is P=0.002.
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Random effects model

When there is significant heterogeneity between
studies, the pooled estimate of the treatment
differences is calculating using the RE model since

It incorporates to the calculations a between study
variance.



The RE pooled estimate of the treatment difference (ie
the meta-analysis’ global outcome or pooled effect) is
again a weighted mean of 0i’s:

n
> we, .
11
= _ W0 +..+W 0,
P Z”:W* W, +...+W,
[
i=1

where is the weight of study i which is equal to the
Inverse of the variance (precision) of 01,

* 1 ~ 1 2
W = d var( ©. =[—+Tj
| var(ei) an Wi

where 12 is the between studies variance (ie in the RE
model, the variance of @i incorporates the variance of
treatment differences across studies).



The 12 is given by the (DerSimonian and Laird)
formula:

2 _ Q—-(n-1)
Zn:Wi— iwf anwi

T

If T2<0 then it is set 12=0.



The standard error of 8°,=In(OR")) is given by

SE(6)) =

PA
1=1
The 95% Cl for 8°,=In(OR")) is given by

(6,-1.96*SE(8; ), 6, +1.96*SE(6, )



In order to estimate the RE pooled , we calculate the
anti-log of , i.e. we calculate the exponential of (note:
eln()=x)

* e

OR :ezze

P

IN(OR,)

The 95% ClI of the RE OR", is calculated by taking the
anti-log of the limits of the Cl for 8°,=In(OR")) , i.e. we
calculate the exponentials of the upper and lower
limits:

6,-1.96*SE(6;,) 6/ +1.96*SE(®, |

e , €



Example - MTHFR C677T and Breast Cancer

Cases Controls RESULTS
MTHER C677T mt/mt | Total | mt/mt Total 0 Vv w=1/v w*
GAS =In(OR)
1 15 66 1 57 0.21 0.199 5.03 3.66
2 43 315 23 233 0.36 0.075 13.30 6.67
3 25 190 12 193 0.83 0.135 7.41 4.77
4 94 514 65 495 0.39 0.031 32.54 9.49
5 32 186 17 147 0.46 0.104 9.59 5.59
6 7 88 24 342 0.14 0.200 5.00 3.64
7 343 1312 196 1160 0.55 0.010 99.14 11.80
8 43 318 74 410 -0.34 0.043 23.05 8.47
9 27 334 50 551 -0.13 0.062 16.05 7.30
10 8 233 13 298 -0.25 0.210 4.76 3.51
11 351 1499 155 1104 0.63 0.011 89.08 11.64
Q=27.87 2= Q4{n-1) Q4{n-1) _
11 11 2/11 W12+.. +W121
Zwi' Zwi Zwi Wit...+twy,-
i=1 i=1 i=1 W1 +... +W11
27.87{11-1) _
" ~=0.075
5.03+...+89.08- 200 *--*89.08

5.03+...+89.08



Example - MTHFR C677T and Breast Cancer

Cases Controls RESULTS
MTHER C677T mt/mt | Total | mt/mt Total 0 Vv w=1/v w*
GAS =In(OR)
1 15 66 11 57 0.21 0.199 5.03 3.66
2 43 315 23 233 0.36 0.075 13.30 6.67
3 25 190 12 193 0.83 0.135 741 4.77
4 94 514 65 495 0.39 0.031 32.54 9.49
5 32 186 17 147 0.46 0.104 9.59 5.59
6 7 88 24 342 0.14 0.200 5.00 3.64
7 343 1312 196 1160 0.55 0.010 99.14 11.80
8 43 318 74 410 -0.34 0.043 23.05 8.47
9 27 334 50 551 -0.13 0.062 16.05 7.30
10 8 233 13 298 -0.25 0.210 4.76 3.51
11 351 1499 155 1104 0.63 0.011 89.08 11.64
The weight of study 1 W, = LI =3.66
Incorporating the across +T2j (1+0.075j
study variability is: W, 5.03
For study 11 the W= 1 -11.64
weight is: +sz ( +0_075j
W, 89.08




Example - MTHFR C677T and Breast Cancer

Cases Controls RESULTS
MTHFR C677T | mt/mt | Total | mt/mt | Total 0 v w=1/v w*
GAS =In(OR)
1 15 66 1 57 0.21 0.199 5.03 3.66
2 43 315 23 233 0.36 0.075 13.30 6.67
3 25 190 12 193 0.83 0.135 7.41 4.77
4 94 514 65 495 0.39 0.031 32.54 9.49
5 32 186 17 147 0.46 0.104 9.59 5.59
6 7 88 24 342 0.14 0.200 5.00 3.64
7 343 1312 196 1160 0.55 0.010 99.14 11.80
8 43 318 74 410 -0.34 0.043 23.05 8.47
9 27 334 50 551 -0.13 0.062 16.05 7.30
10 8 233 13 298 -0.25 0.210 4.76 3.51
11 351 1499 155 1104 0.63 0.011 89.08 11.64

The RE pooled estimate of the treatment difference 8p* is:

1
wo . .
o = 5 Wi +..+W, 8, _3.66(0.2%...+11.64(0.63)
S w W, .. +W,, 3.66+...+11.64
i=1 |

=0.302




Example - MTHFR C677T and Breast Cancer

Cases Controls RESULTS

MTHFR C677T | mt/mt | Total | mt/mt | Total 0 v w=1/v w*
GAS =In(OR)

1 15 66 1 57 0.21 0.199 5.03 3.66

2 43 315 23 233 0.36 0.075 13.30 6.67

3 25 190 12 193 0.83 0.135 7.41 4.77

4 94 514 65 495 0.39 0.031 32.54 9.49

5 32 186 17 147 0.46 0.104 9.59 5.59

6 7 88 24 342 0.14 0.200 5.00 3.64

7 343 1312 196 1160 0.55 0.010 99.14 11.80

8 43 318 74 410 -0.34 0.043 23.05 8.47

9 27 334 50 551 -0.13 0.062 16.05 7.30

10 8 233 13 298 -0.25 0.210 4.76 3.51

11 351 1499 155 1104 0.63 0.011 89.08 11.64

se( 6, = %= L L =0.114

w,+...+w;, V3.66+...+11.64

2w,

i=1




The 95% Cl of 8" =In(OR")) is:

(6, -1.9656~8, =, 6 +1.96s6~6, J=
=(0.302-1.96%0.114, 0.302+1.96%0.114 )=

=(0.079, 0.525)



The RE pooled is calculated by taking the anti-log of , I.e.
we calculate the exponential of (note: e'"®)=x):

* > | >
OR’, = e% — M%) _ 0302 _1 357

In order to estimate the 95% CIl of we calculate the anti-
log, i.e. we calculate the exponentials of the upper and
lower [imits:

(1.082, 1.691)

0 -1.96*SE 0 +1.96*SE \ _ [/ _0.079

0.525 )

The 1is included in the 95% CI, thus the RE pooled ORp
IS not significant!

The 95% CI for RE ORp is always wider than the 95% CI
for FE OR.



Practice in XL

In XL, the file META_OR_GAS produces the RE ORp and
the respective 95% CI.
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Example - MTHFR C677T and Breast Cancer

In plotting the results, the y-axis depicts the studies
and the x-axis the ORs with the respective 95% Cls, the
X-axis Is always shown in logarithmic scale for making
the visual presentation easy. The FE and RE pooled
estimates are also shown.

study1 I - I
study? - | = |
study3 - | = |
study4 - I = I

studyb - I = I
study6 - I = |
study7 - I—l—|
study8 - I = I
study9 - I = I
study10 - I = I

studyl1 - }—-—{

FE OR -

=]
RE OR - - }—-—{

GAS

OR (95% Cl)



Practice in SPSS

Copy-paste the data from XL file META_OR to SPSS.
Then, in SPSS, the graph is contracted as follows:
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Practice

A GAS investigating the association between the alleles ADH2*1 (mt)
and ADH2*2 (wt) with alcoholism produced the following genotype

distributions: Do

*1/*1 *1/*2 *2/*2
Year | Author Racial alcoholic  healthy | alcoholic healthy | alcoholic  healthy
1993 | Sherman Caucasian 7 18 19 3 19 2
1994 | Muramatsu | Chinese 13 12 8 43 11 50
1994 | Thomasson | Taiwan 3 1 28 10 63 54
1995 | Maezawa Japanese 30 2 28 22 38 36
1996 | Chen Taiwan 14 0 15 19 17 44
1996 | Higuchi Japanese 204 33 224 160 227 268
1997 | Espinos Caucasian 62 58 9 12 0 1
1999 | Chen CC Chinese 130 43 106 205 104 297
2000 | Chao Taiwan 51 17 129 102 101 122
2001 | Lee Korean 10 6 32 18 64 40
2001 | Ogurtsov Caucasian 56 15 51 29 3 6

Perform a full meta-analysis of the GAS.




Dealing with heterogeneity — Subgroup analysis

Heterogeneity can be attributed to various
characteristics of the individual GAS included in
the meta-analysis (such race, clinical settings,
study quality, etc).

One way to deal with heterogeneity is to perform a
subgroup analysis by each characteristic and to
explore which characteristic contributes to study
heterogeneity.



Example - MTHFR C677T and Breast Cancer

Cases Controls

i Population | mt/mt | Total | mt/mt | Total OR, 0=In(OR)) | v, w,=1/v;
1 | studyl Whites 15 66 11 57 1.23 0.21 0.199 5.03
2 | study2 Whites 43 315 23 233 1.44 0.37 0.075 13.30
3 | study3 | E.Asians 25 190 12 193 2.29 0.83 0.135 7.41
4 | study4 | E.Asians 94 514 65 495 1.48 0.39 0.031 32.54
5 | study5 | E.Asians 32 186 17 147 1.59 0.46 0.104 9.59
6 | study6 Whites 7 88 24 342 1.15 0.14 0.200 5.00
7 | study7 | E.Asians 343 1312 196 | 1160 1.74 0.55 0.010 99.14
8 | study8 Whites 43 318 74 410 0.71 -0.34 0.043 23.05
9 | study9 Whites 27 334 50 551 0.88 -0.13 0.062 16.05
10 | studyl0 | Whites 8 233 13 298 0.78 -0.25 0.210 4.76
11 | studyll | E.Asians 351 1499 155 | 1104 1.87 0.63 0.011 89.08

However, in studies 3, 4, 5, 7 and 11 the origin of the population
was East Asians and in the rest studies the population was

Whites.

We would like to explore whether “race” contributes to study

heterogeneity.




1) Subgroup analysis for East Asians

For East Asians, the pooled OR is
FE ORp=1.76 with 95% CI (1.55, 2.00)
The P-value of Q (heterogeneity test) is PQ=0.75.

Thus, there is no significant heterogeneity across
studies (since PQ20.10) and only the FE OR will be
considered (note that RE OR coincides with the FE OR).



2) Subgroup analysis for Whites

For Whites, the pooled OR is
FE ORp=0.94 with 95% CI (0.74, 1.19)
The P-value of Q (heterogeneity test) is PQ=0.41.

Thus, there is no significant heterogeneity across
studies (since PQ20.10) and only the FE OR will be

considered.



The subgroup analysis for East Asians produced
absolutely different results from the Whites

E. Asians ORp=1.76 (1.55, 2.00) and PQ=0.75
Whites vs. ORp=0.94 (0.74, 1.19) and PQ=0.41

This diversity in ORp and the lack of heterogeiety In
subgroup analyses implies that “race” has a
significant effect in the overall meta-analysis and
contributes in the heterogeneity across studies.



Practice in XL

In XL, the file META_OR_GAS produces the FE ORp and RE ORp
with the respective 95% Cls for each subgroup (for analyzing the
East Asians, just delete the respective rows with the Whites and
change the n from 11 to 5). Close the file without saving it.
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For analyzing the Whites, open the file META_OR_GAS and just
delete the respective rows with the East Asians and change the n
from 11 to 6. Close the file without saving it.
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Practice

A GAS investigating the association between the alleles ADH2*1
(mt) and ADH2*2 (wt) with alcoholism produced the following

genotype distributions:

ADH2
*1/*1 *1/*2 *2/*2

Year | Author Racial alcoholic  healthy | alcoholic  healthy | alcoholic  healthy
1993 | Sherman Caucasian 7 18 19 3 19 2
1994 | Muramatsu | Chinese 13 12 8 43 11 50
1994 | Thomasson | Taiwan 3 1 28 10 63 54
1995 | Maezawa Japanese 30 2 28 22 38 36
1996 | Chen Taiwan 14 0 15 19 17 44
1996 | Higuchi Japanese 204 33 224 160 227 268
1997 | Espinoés Caucasian 62 58 9 12 0 1
1999 | Chen CC Chinese 130 43 106 205 104 297
2000 | Chao Taiwan 51 17 129 102 101 122
2001 | Lee Korean 10 6 32 18 64 40
2001 | Ogurtsov Caucasian 56 15 51 29 3 6

Perform subgroup analysis by “race”.



Sensitivity analysis for studies of poor quality

The sensitivity analysis examines the effect of
excluding specific studies from the meta-analysis, ie
examines the impact of excluding these studies in the
pooled estimate of OR and in heterogeneity.



Sensitivity analysis for studies of poor quality

Inspection of whether genotype frequencies of
controls (disease-free subjects) conform to Hardy-
Weinberg equilibrium (HWE) provides an indication of
the quality in the design and conduct of GAS.

Departures from HWE can be due to:
-genotyping errors,

-population stratification (population
stratification includes differences
between groups of ethnic origin or
differences between groups of
similar ethnic origin but with a limited
admixture) and

-selection bias in the recruitment of controls



Example - MTHFR C677T and Breast Cancer

Cases Controls
i mt/mt | Total | mt/mt | Total OR, 0=In(OR)) | v, w=1/v,
1 | studyl 15 66 11 57 1.23 0.21 0.199 5.03
2 | study2 43 315 23 233 1.44 0.37 0.075 13.30
3 | study3 25 190 12 193 2.29 0.83 0.135 7.41
4 | study4 94 514 65 495 1.48 0.39 0.031 32.54
5 | study5 32 186 17 147 1.59 0.46 0.104 9.59
6 | study6 7 88 24 342 1.15 0.14 0.200 5.00
7 | study7 343 1312 196 | 1160 1.74 0.55 0.010 99.14
8 | study8 43 318 74 410 0.71 -0.34 0.043 23.05
9 | study9 27 334 50 551 0.88 -0.13 0.062 16.05
10 | study10 8 233 13 298 0.78 -0.25 0.210 4.76
11 | studyl1l | 351 1499 155 | 1104 1.87 0.63 0.011 89.08

Only in study 5, the HWE was marginally significant (P=0.07) and
thus a sensitivity analysis was performed for this study.



In Sensitivity analysis,
PQ=0.001.
RE ORp=1.33 with 95% CI (1.05, 1.69).

In the full analysis,
PQ=0.002 which was significant (PQ<0.10).
RE ORp=1.35 with 95% CI (1.08, 1.69)

Thus, exclusion of the study not in HWE does not
change the pattern of results of the full analysis.



Practice in XL

In XL, the file META_OR_GAS produces the FE ORp and RE ORp
with the respective 95% Cls for sensitivity analysis (just delete the
row corresponding to Study 5 and change the n from 11 to 10).

Microsoft Excel - META_OR GAS
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Practice

A GAS investigating the association between the alleles ADH2*1

(mt) and ADH2*2 (wt) with alcoholism produced the following

genotype distributions:

ADH2
*1/*1 *1/*2 *2/*2

Year | Author Racial alcoholic  healthy [ alcoholic  healthy | alcoholic  healthy
1993 | Sherman Caucasian 7 18 19 3 19 2
1994 | Muramatsu | Chinese 13 12 8 43 11 50
1994 | Thomasson | Taiwan 3 1 28 10 63 54
1995 | Maezawa Japanese 30 2 28 22 38 36
1996 | Chen Taiwan 14 0 15 19 17 44
1996 | Higuchi Japanese 204 33 224 160 227 268
1997 | Espinos Caucasian 62 58 9 12 0 1
1999 | Chen CC Chinese 130 43 106 205 104 297
2000 | Chao Taiwan 51 17 129 102 101 122
2001 | Lee Korean 10 6 32 18 64 40
2001 | Ogurtsov Caucasian 56 15 51 29 3 6

Perform a sensitivity analysis for GAS with the controls not in HWE.




Sensitivity analysis for big studies

If we are interested in examining the impact of the
biggest studies in the meta-analysis results, then we
perform a sensitivity analysis, I.e. we exclude these
studies from the meta-analysis and we re-calculated
the pooled estimate of the treatment difference and

the heterogeneity test.



Example - MTHFR C677T and Breast Cancer

Cases Controls
i mt/mt | Total | mt/mt | Total OR, 0=In(OR)) | v, w=1/v,
1 | studyl 15 66 11 57 1.23 0.21 0.199 5.03
2 | study2 43 315 23 233 1.44 0.37 0.075 13.30
3 | study3 25 190 12 193 2.29 0.83 0.135 7.41
4 | study4 94 514 65 495 1.48 0.39 0.031 32.54
5 | study5 32 186 17 147 1.59 0.46 0.104 9.59
6 | study6 7 88 24 342 1.15 0.14 0.200 5.00
7 | study7 343 1312 196 | 1160 1.74 0.55 0.010 99.14
8 | study8 43 318 74 410 0.71 -0.34 0.043 23.05
9 | study9 27 334 50 551 0.88 -0.13 0.062 16.05
10 | study10 8 233 13 298 0.78 -0.25 0.210 4.76
11 | studyl1l | 351 1499 155 | 1104 1.87 0.63 0.011 89.08

A sensitivity analysis was performed for biggest studies (e.g.
Studies 4, 7 and 11) and the meta-analysis results are as follows:



In the Sensitivity analysis,

FE ORp=1.07 with 95% CI (0.87, 1.33)
RE ORp=1.13 with 95% CI (0.85, 1.52)
PQ=0.10 which is marginally significant.

In the full analysis,
PQ=0.002 which was significant (PQ<0.10).
RE ORp=1.35 with 95% CI (1.08, 1.69)

Thus, the exclusion of Studies 4, 7 and 11 changes the
pattern of results in the estimation of the pooled
estimate of the treatment difference and in
heterogeneity.



Practice in XL

In XL, the file META_OR_GAS produces the FE ORp and RE ORp
with the respective 95% Cls for sensitivity analysis (just delete the
row corresponding to Studies 4, 7 and 11 and change the n from 11
to 8).
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Selection bias

The pooled estimate of OR can be systematically
Influenced by the selection of studies for inclusion in
the meta-analysis.

Then, in the meta-analysis, bias may be introduced in
two different ways:

A) by including studies which have themselves
produced biased estimates of the OR, and

B) by excluding eligible studies because the
relevant data are not available.



Bias in individual GAS

A) The individual studies with biased estimates of
the OR may introduce bias in meta-analysis due to:

-The inclusion of studies with methodological
flaws (such as inappropriate patient selection)

-The chronological order in which studies are
conducted. Small early studies may produce
larger estimates of OR than from later larger
studies.



Publication bias

B) The data of eligible studies can be missing due to
Publication bias.

Publication bias is introduced when the meta-
analysis is restricted to the synthesis of results
obtained only from studies which have been
published.



-Often, the decision to submit or accept a paper with
the results of a GAS for publication in a journal is
Influenced by the significance of results:

a large GAS with significant OR is more likely
to be published than a small GAS with non-
significant OR.

-Also, GAS indicating that an wt/wt plays arole in
disease development are less likely to be published
than those indicating that mt-carriers arole in
disease development.

A remedy to deal with selection bias is to perform a
Sensitivity analysis.



Funnel plot

The simplest and most commonly used method to
detect publication bias is an informal examination of a
funnel plot.

A funnel plot is a plot of each study's 0i=In(ORI)
against the precision (expressed as 1/SEi).
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In the absence of publication bias, this plot will
resemble a symmetrical inverted shaped like a funnel.

Then, the spread of results will be wide at the bottom
of the graph where small studies are placed, and will
become narrower as the studies become larger.



1 10 -
SE L
(precizion) g

P

" J
T e @ L ] small GAS:
g © 'h} ® 0 @ larze vaiability (SE)in
] &
]
| 1

treatment difference,
1e small precision

|:| 1 | I 1
15 -1 4.5 0 05 1 15

In{OR)

This funnel shape is expected because GAS of
smaller size (which are more numerous) have
iIncreasingly large variation (ie small precision) in the
estimates of their In(OR).

Note that a small GAS has a large SE and small
precision since precision= 1/SE.



However, since smaller
or nonsignificant GAS
are less likely to be
published, GAS in the
bottom left hand corner
(when a undesirable
outcome is being
considered, e.g. wt/wt is
related to the disease)
of the plot are often
omitted, creating a
degree of asymmetry in
the funnel.
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Thus, an asymmetry in funnel plot indicates the
existence of publication bias.

small studies:

large variability {SE) in
treatment difference,
1z small precision



Example - MTHFR C677T and Breast Cancer

Cases Controls
i mt/mt | Total | mt/mt | Total OR, 0=In(OR)) | v, w=1/v,
1 | studyl 15 66 11 57 1.23 0.21 0.199 5.03
2 | study2 43 315 23 233 1.44 0.37 0.075 13.30
3 | study3 25 190 12 193 2.29 0.83 0.135 7.41
4 | study4 94 514 65 495 1.48 0.39 0.031 32.54
5 | study5 32 186 17 147 1.59 0.46 0.104 9.59
6 | study6 7 88 24 342 1.15 0.14 0.200 5.00
7 | study7 343 1312 196 | 1160 1.74 0.55 0.010 99.14
8 | study8 43 318 74 410 0.71 -0.34 0.043 23.05
9 | study9 27 334 50 551 0.88 -0.13 0.062 16.05
10 | study10 8 233 13 298 0.78 -0.25 0.210 4.76
11 | studyl1l | 351 1499 155 | 1104 1.87 0.63 0.011 89.08

We could test for publication bias graphically using XL
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The funnel plot shows some symmetry and therefore,
there might be an indication of lack of publication bias.



Practice in SPSS

Copy-paste the data from XL file META_ OR_GAS to
SPSS. Then, the funnel plot for exploring the existence
of publication bias can be drawn in SPSS:
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Egger’s test

A formal test for publication bias can be based on
linear regression analysis (Egger’s test). In particular,
the following regression line is fitted:

y. =a+ in for i=1 to n, where n is the number of studies

yi is the standardized estimate of 8i: Y; = 0, (W,

xi is the precision: X, = /W,

0.y, —a+byw,



0,\ W, =a+by/w,

A test of publication bias would be a test whether the
Intercept ais equal to zero.

The intercept, a, provides a measure of funnel plot
asymmetry: the larger its deviation from zero, the more
pronounced is the asymmetry of the funnel plot (ie
existence of publication bias).



The intercept a and slope b can be obtained by
performing a typical least-squares regression of yi
on xi (using SPSS).

Then, in testing whether the intercept ais O, the
statistic is t=a/SE(a) compared against the 5% point
of the t-distribution with n-2 df.

Thus, if t is less than the 5% point of the t-
distribution with n-2 df, there is no indication of
publication bias.



Example - MTHFR C677T and Breast Cancer

Cases Controls
i mt/mt | Total | mt/mt | Total OR, 0=In(OR)) | v, w=1/v,
1 | studyl 15 66 11 57 1.23 0.21 0.199 5.03
2 | study2 43 315 23 233 1.44 0.37 0.075 13.30
3 | study3 25 190 12 193 2.29 0.83 0.135 7.41
4 | study4 94 514 65 495 1.48 0.39 0.031 32.54
5 | study5 32 186 17 147 1.59 0.46 0.104 9.59
6 | study6 7 88 24 342 1.15 0.14 0.200 5.00
7 | study7 343 1312 196 | 1160 1.74 0.55 0.010 99.14
8 | study8 43 318 74 410 0.71 -0.34 0.043 23.05
9 | study9 27 334 50 551 0.88 -0.13 0.062 16.05
10 | study10 8 233 13 298 0.78 -0.25 0.210 4.76
11 | studyl1l | 351 1499 155 | 1104 1.87 0.63 0.011 89.08




Practice in SPSS

Copy-paste the data from XL file META_ OR to SPSS.
Then, atypical least-squares regression of onis
fitted (i.e. we fit a regression line of xi on yi) to obtain
the intercept a and slope b using SPSS as follows:
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The produced output with the results of the regression analysis is
shown below:

i Output? - SPSS Viewer = =]
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The P-value for testing whether the intercept ais 0 is P=0.109,
i.e. the intercept a is not significant since P20.05.

Therefore, there is no significant publication bias in the meta-
analysis.



Practice

A GAS investigating the association between the alleles ADH2*1

(mt) and ADH2*2 (wt) with alcoholism produced the following
genotype distributions:

ADH2
*1/*1 *1/*2 *2/*2

Year | Author Racial alcoholic  healthy | alcoholic  healthy | alcoholic  healthy
1993 | Sherman Caucasian 7 18 19 3 19 2
1994 | Muramatsu | Chinese 13 12 8 43 11 50
1994 | Thomasson | Taiwan 3 1 28 10 63 54
1995 | Maezawa Japanese 30 2 28 22 38 36
1996 | Chen Taiwan 14 0 15 19 17 44
1996 | Higuchi Japanese 204 33 224 160 227 268
1997 | Espinos Caucasian 62 58 9 12 0 1
1999 | Chen CC Chinese 130 43 106 205 104 297
2000 | Chao Taiwan 51 17 129 102 101 122
2001 | Lee Korean 10 6 32 18 64 40
2001 | Ogurtsov Caucasian 56 15 51 29 3 6

Test for publication bias the GAS included in the meta-analysis.




Cumulative and recursive cumulative meta-analysis

Cumulative and recursive cumulative meta-
analyses is another way to explore heterogeneity in
risk effect for a genetic model in time.

They provide a framework for updating a genetic
effect from all studies and a measure of how much
the genetic effect changes as evidence
accumulates.



Cumulative meta-analysis

In cumulative meta-analysis, studies are ordered
by publication year, and then, the pooled OR is
obtained when a new study is published.

Thus, cumulative meta-analysis indicates the
trend in estimated risk effect.



Recursive cumulative meta-analysis

In recursive cumulative meta-analysis, the relative
change in cumulative pooled OR in each publication
year is calculated (cumulative OR in next year/
cumulative OR in current year).

Thus, recursive cumulative meta-analysis indicates
the stability in risk effect.

Wide oscillations in risk effect early in the course of
accumulating evidence are usually associated with
major changes in risk effect in the future.

If the oscillations remain in time then more
Information is required to draw safe conclusion on
the magnitude of the risk effect.



Example

A meta-analysis for
Investigating the association
between alcoholism and the
ADH3 (wt=*1, mt=*2) gene
polymorphism for the
recessive model (*2/*2 vs. rest)
produced significant
heterogeneity (p<0.01) and
OR=1.32 (1.12-1.57)

Cowzigowe, 1990 —m—

Cay, 1991

't

Pogporr, {992

Gildler, 1983
Fares, 1984

Sherwan, 1994 i

Thosrasson, 1594
Cher, 1995 S —
Hgecki, 1996 -
fbkafioa, 1996 ——
Cher, 1997 —_—
Cspimos, 1997 —B—
Sher, 1997 B
Grove, 1903 E B
Cher GG, 1999 S B
Cisier, 1909 —
Boras, 2000 B
Chao, 2000

Lee, 2007 —

—l—
Chambers, 2002 -
Frenzer, 2002 Il
WNal, 2003
Konishi, 2004
Iidal, 2004
oo mbined fardo m) @

1.05 {055, 2.02)
0.7 {44, 1.96)
0.74 {44, 4.25)
129 {077, 4.54)
2,90 {53, 2.23)
2,87 (0,98, 7.34)
242 {047, 12410
898 {2.27, 19.39)
2,98 {43, 2.77)
520 (.08, 14.21)
070 {024, 1.93)
085 {038, 4,900
2.0 {22 334
4,29 {093, 4.78)
2.08 [4.55, 2.79)
.82 (.04, 3.24)
0.84 {078, 4,94
2,40 {094, 290
075 {024, 2.44)
4,88 {038, 3.98)
.34 {100, 4.800
1,23 {088, 4.73)
4,25 {094, 4.85)
0.97 {075, 4.25)

1.32 (1.12, 1.57)

I T T T
040z 05 {1 2 3 10 100
ooy madio (93% confidemze inberal)

1
F000



The cumulative meta-analysis for the recessive model
showed a trend of association as information
accumulates:
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In recursive cumulative meta-analysis, the relative change in OR
fluctuated around the value of OR=1.0, and it stabilizes after
iInformation step 2000/2001.

The scatter of the relative changes in OR is wider at the
beginning, and then, it shrinks as evidence accumulates.

This stability indicates that there is enough evidence to draw safe
conclusion about the risk effect of ADH3 gene polymorphism in
alcoholism.

Relative change in OR
o
[00]
o




The other genetic models

The meta-analysis of the other genetic models
(dominant, additive, co-dominant) is similar to the
recessive model.

When more than on model is significant, the
Identification of the mode of inheritance can be
based on the heuristic algorithm presented in the
“Analysis of GAS” course.



Genetic model-free approach

A genetic model-free approach for testing the
association between disease status (disease vs.

healthy) and genotype is the generalized odds ratio
(ORG).

The ORG is a single statistic that utilizes the
complete genotype distribution (not merging
genotypes like in the co-dominant model) and
provides an estimate of the overall risk effect.



Definition of ORG

ORG is the probability of a subject being diseased
relative to probability of being free of disease, given
that the diseased subject has a higher mutational
load than the non-diseased.

Probability being diseased, diseased has high mutational load
Probability of being non-diseased, non-diseased has low mutational load

G

When ORG>1 then an increased genetic exposure
(mutational load) implies disease.



ORGGASMA

“ORGGASMA”: a software for implementing the
generalized odds ratio methodology for the analysis
and meta-analysis of GAS.

The software “ORGGASMA” (together with
Instructions how to operate it) is freely available and it
can be downloaded form the web site
http://biomath.med.uth.gr

Download the “ORGGASMA” software and operated it
only for the “cmd” command of windows (do not
double click the icon).



Example - MTHFR C677T and Breast Cancer

Eleven GAS were conducted to investigate the association
between MTHFR C677T (wt=C and mt=T) variant and
susceptibility to breast cancer (BC). The data are as follows:

Breast Cancer Helathy controls
MTHFR Race TT TC CcC TT TC CC
Ce7/T
GAS
1 Whites 15 23 28 11 21 25
2 Whites 43 162 110 23 92 118
3 E Asians 25 85 80 12 87 94
4 E. Asians 94 242 178 65 215 215
5 E. Asians 32 96 58 17 80 50
6 Whites 7 38 43 24 145 173
7 E. Asians 343 695 274 196 o7l 387
8 Whites 43 140 135 74 196 140
9 Whites 27 141 166 50 259 242
10 Whites 8 91 134 13 104 181
11 E. Asians 351 786 362 155 509 440

Is there evidence that the variant MTHFR C677T is associated
with the development of BC?



MTHFR C677T and Breast Cancer

Prior to meta-analysis, we will make an
assumption:

Subjects who are homozygous for TT allele have
the highest mutational load, those homozygous
for CC allele have the lowest, and heterozygous
CT have an intermediate level.



In ORGGASMA, the data are stored in the file “ORGgenotypes.txt”
at the same folder with the ORGGASMA .exe file.

(o]

File Edit Format WView Help

For analysing an individwal GAS. tupe: 1

EES %} %% if( ié“ %? _J For analyszing GASs and perfrorming a meta—-nalaysis of them,. type: 2
a2 23 ] 2 43

94 87 12 80 85 25 2

215 215 65 178 242 a4

50 80 17 58 a8 3z

173 145 24 43 18 5 You are performing an analysis of GAS and a meta—analysis of them

387 577 198 274 045 343

j.:_.EI j:gg SEI jj:gg jj:_;:_l Tz Create an input file with the name "0ORGgentotypes_txt' and

.]:é.]-. 10' 12 134 g]__ ‘é locate the file at the zame directory asz the current software.

440 509 155 362 788 351 In the input file,. each row corresponds to a study.

For each study first enter the genotype freguencies
of the control group <from wild types C(wt> to more
mutants (mt) genotypes? followed by the respective
frequencies of the diseased group

(e.g. for two alleles the order of entering

E;] =101 %] the frequencies i=z: 1st?> wtswt of contrel, 2Znd} wt/mt
= Fil Edit View Insert Format Tools  Dat Windaw  StatsDirect of control, Jrd> mtsmt of control,.4th? wtswt of cases,.
—1 =EOEE dEL s <R SR LR UIRRL ZRER R S5th} wtsmt of cases,. 6th) mtsmt of cases).
Help  Adobe PDF -0 X If you investigate disease progression, enter

» - 5 = il the fregquencies of the control group. followed by the
A= S| 9+ Z -3 [l 5% - @ Bl less severe group. the more severe group. etc.
. = = = E . LB . s are shown i i
Arial -0 - B T EE = g B~ < é = The results are shown in the file "outputORG.txt'

Wk - i3 Enter the number of studies

A B [ u] E F G H ==

1 = 11
2 Breast Cancer Helathy controls . _
z T e e Tr o o Number of studies= 11 . 98608
4 Enter the number of groups {up to 28>
9 15 11 11 28 13 15 (e.q. for a simple case—control study. enter=2.
|3 11 92 L] 110 162 43 for disease progression where the groups ave:
7 o4 87 12 50 5 15 controls, diseased. diseased with complication.
8 115 115 5t 178 142 o4 enter=3. etc
a &0 80 17 i B a2 o
10 173 145 24 43 I8 7
1 387 277 106 274 f0E 343 Number of groups= 2
12 140 184 74 138 140 43
13 142 150 50 166 141 27 il Enter the number of genotypes Cup to 288>, e.g. for two alleles is 3
14 181 104 13 134 21 g 1
15 440 208 158 a2 TR &1
18 Ml Mumber of genotypes= 3
4 4 » w[% Sheetl £ Sheet2 3 Sheet3 [4] | rl[

Specify the number teo add to zero fregquencies

Draw = Lg | Autoshapes~ ™~ " [ O A5 4 {:,; gl & &y - & ~ :
Ready
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The meta-analysis results were the following (the
results were saved in the file “outputORG.txt”):

T ——— i x 1o x|

=*#xGEMETIC ASSOCIATION RESULTS II File Edit Format WView Help

Study ORG 95 LL 95 UL | study ORG - 95% LL _ 95% UL __ =]
1 1.168957 0.6086171 1.991576 1 1.100957 0.6086171 1.991576
P . 718735 1.267359 2.330869 2 1.718735 1.267359 2.330889
3 -399888 A.9761942 2 .AA7477 3 1.399888 0.9761942 2.007477
4 -489944 1.139179 1.745065 4 1.409944 1.139179 1.745065
5 234580 @.8445081 1.804589 5 1.234500 0.8445081 1.804589
6 -A75925 A.7006444 1.652218 6 1.075926 0.7006444 1.652218
7 722928 1.501016 1.977649 7 1.722928 1.501016 1.977649
8 8.7273660 A.5646600 B.9369556 & 0.7273860 0.5646600 0.9369554
7 8.8166987 8.6378981 1.8455%6 9 0.8166907 0.6378981 1.045596
e ety i o) 10 1.112092 0.7977763 1.550248
R clOakE ot 11 1.874497 1.635324 2.148649
xxxMETA_AMALYSIS RESULTS === FEEMETA-ANALYSIS RESULTS®®®
Heterogeneity metrics Heterugenejty metrics
= 7588856 P-value for Q= 0A.ARAPARAE+PA Q= 75. 88856 P-value for Q= 0.0000000E+00

Q=
I°2Cx0= 86.82278
Fixed Effects model

TAZ(%)=  B85.82278

ORG= 1.433720 Fixed Effects model
25% Lower Limit= 1.336548
95 Upper Limit= 1.537965 ORG= 1.433720
95% Lower Limit= 1.336540
Random Effects model o Hc il -
ORG= .. 1.955769 95% Upper Limit= 1.537965
gg; ﬁ;gg: Eimig; i:g%g%gi random Effects model
ORG= . 1.255769
C:»Documents and fettings“user-Desktop FME GAS-ORGASSMA> 95% Lower Limit= 1.017184

95% Upper Limit=  1.550311

£

The heterogeneity between studies was significant P<0.10.

Then, the random effects (RE) model generalized OR was ORG=1.26
(1.02, 1.55).

Since 1lis not included in the 95% CI the ORG is significant.




ORG=1.26

The interpretation of the finding is as follows:
For any two subjects, diseased with BC and
healthy, the probability of being diseased is 26%
higher (relative to the probability of being non-
diseased) given that the diseased subject has
higher mutational load for the variant MTHFR
C677T than the healthy one.

Thus, an increased genetic exposure (mutational
load) implies disease.



Subgroup analysis by “race”

A subgroup analysis for each “race” can be
performed in a similar way to the full analysis.

Sensitivity analysis

A sensitivity analysis can be performed for the
study 5 where the controls are in HWE marginally.



Practice

A GAS investigating the association between the alleles ADH2*1
(mt) and ADH2*2 (wt) with alcoholism produced the following
genotype distributions:

ADH2
*1/*1 *1/*2 *2/*2

Year | Author Racial alcoholic  healthy | alcoholic  healthy | alcoholic  healthy
1993 | Sherman Caucasian 7 18 19 3 19 2
1994 | Muramatsu | Chinese 13 12 8 43 11 50
1994 | Thomasson | Taiwan 3 1 28 10 63 54
1995 | Maezawa Japanese 30 2 28 22 38 36
1996 | Chen Taiwan 14 0 15 19 17 44
1996 | Higuchi Japanese 204 33 224 160 227 268
1997 | Espinos Caucasian 62 58 9 12 0 1
1999 | Chen CC Chinese 130 43 106 205 104 297
2000 | Chao Taiwan 51 17 129 102 101 122
2001 | Lee Korean 10 6 32 18 64 40
2001 | Ogurtsov Caucasian 56 15 51 29 3 6

Perform a full meta-analysis of the GAS, a subgroup analysis by
“race” and sensitivity analysis for GAS with the controls not in HWE.




HEGESMA
METRADISC



Genome Wide Assoclation Studies
(GWAS)



GWAS is scan of genomic sequence variants which enable
to examine hundreds of thousands of SNPs Iin cases and
controls

OO0 TYK
OO T X
ouo LK

500-1000 cases 500-1000 controls

« Calculate which of the alleles of 300-500,000
SNPs) are more frequent in cases than controls



Whole Genome Scans or
Genome Linkage Scans
(WGS)



WGS is atechnique to determine
linkage of complex disease using
families of sibling pairs with the
disease

~400 microsatellite (tandem
repeat sequence) markers
across the genome evenly
spaced every 10 cM= 1million
base pairs (bps)
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Genome scans on complex diseases have
produced inconclusive inferences:

— linkage signals tend to be rather weak

—number of families and affected sibpairs
are relatively small

—individual genome scans identify linkage
In different chromosomal regions



HEGESMA

(Zintzaras and loannidis 2005 Genetic Epidemiology, Bioinformatics)

HEGESMA is a method for synthesizing data
from diverse genome scans



HEGESMA starts by splitting the chromosomes into
bins of approximately equal length:
- each bin has a width of 30 cM
- 120 bins in total for the whole genome
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For each genome scan, the highest LOD score
obtained within the bin is recorded.

Chromosome 4
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The method

 For each scan the bins are ranked according to
their LOD score.

« Assign with 120 to the highest linkage score and
with 1 the lowest.

« Theranks for each bin are averaged across scans:
R=2Ri/s
Ri is the rank of a bin for study i (i=1 to s studies)



The method

ranks of chromosome 1

ranks of chromosome 4

8 36 38 40 70 120 82 100
.o s | | | | | | ‘ scani
hin1 hin2 hin3 bind hin& birk bin? bind
112 101 67 50 29 A0 3 100
e | | | | | ‘ | scan2
bint bin2 hin3 bind bing hinG bin? bing
45 77 63 50 34 120 90 g0
" ‘ ‘ | | | | | scan3
bin1 hin2 hin3 bind bin& binG hin? bing
55 78 63 47 64 93 58 93

Average rank

ranks of chromosome 22



The significance of the average rank R of each bin
IS assessed against the distribution of average
ranks using a Monte-Carlo permutation method.

1st simulation

ranks of chromosome 1 ranks of chromosome 4 ranks of chromosome 22
g 36 38 40 70 120 g2 100
J I | | | | | | ! scant
bin hin? bin3 bind hing bink hin? bing

random permutation

112 101 67 50 89 40 3 100
| | | | | | scan2

) bin1 bin2 bin3 bind hin5 bing bin? bing
random permutation

77 63 0 34 120 a0 &80
L scan3

. bin1 hin? bin3 bind hins bin bin7? bing
random permutation

H EH N E m Emm =

Average rank of 1st simulation




The significance of the averaged bin ranks were

assessed against the null distribution using a
large number of random permutations.

p-value
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When a specific bin has a high average rank then
there is evidence for the importance of this bin for
linkage with the disease



Identification of chromosomal regions linked to
premature Ml using HEGESMA

(Zintzaras and Kitsios 2006, J Hum Genet)

 Characteristics and major results of premature Myocardial Infarction
(MI) genome-scans

First Author, Ethnicity Pedigrees | Age (years) | Markers | Weighting Location with
publication year evidence of linkage
Broeckel, 2002 Germany 513 (51.6-56.1)+ 394 0.22 14q
(0.4-2.4)
Hauser, 2004 Mixed (93.1% 228 <51 for males, 395 0.15 1925, 3913, 19p13
Caucasians) <56 for
females
Wang, 2004 Caucasians 428 44.4+9.7 408 0.2 1p34-36, 2pll,

4q32, 5pl4, 722,
12024, 13932,

14924
Helgadottir, 2004 Iceland 93 Early onset 1068 0.28 13912-13
Samani, 2005 UK 847 50.7+7.9 for 398 0.15 2pl1.2 —2q21.1

males
53.4+7.8 for




Unweighted (open circle) and weighted for the number of
pedigrees (filled circle) average ranks from five premature
Myocardial Infarction genome-scans with 120 bins.

Bins with significant Prank in unweighted or weighted analysis
are above the line at P<0.05.

© Unweighted # Weighted
120

110
100 |

90 ¢
P<0.05 Q
80 [ o’ ¢ ] ® .

70 |

60

Average rank

50

40 |

30

20

10

Cl C3 C5 C? ce Cl1 Cl3 Cl5 C17 Cle C2l
Cc2 C4 Ce c8 Cl0 Cl2 Cl4 Clé Cl8 C20 C22

Chromosome



The meta-analysis replicated the significance of 4
already reported chromosomal regions:

. Bin 13.4 (13933.1-13q34): F7, F10 and IRS2 (CAD)
. Bin 5.1 (5p15.33-5p15.1): MTRR

. Bin 1.2 (1p36.21-1p35.2): MTHFR and ECE1

. Bin 12.6 (12924.31-12q24.33): SCARB1

Four new candidate regions were identified:

 Bin 8.6 (8924.21-8924.3): CYP11B2
 Bin 8.4 (8913.2-8922.2): a novel region

. Bin 6.2 (6p22.3-6p21.1): MOG, HSPA1A, LTA, TNF,
AGER, HFE, HLA-DR and C4

. Bin 14.1(14p13-14q13.1): CAQ14 and PSMAG




Practice

The ranks of 3WGS in preeclampsia are as follows:

aa Chrom Bin Scan1 Scan2 Scan3 aa Chrom BIn Scan1 Scan2 Scan3 aa Chrom Bin Scan1 Scan2 Scan3
1 1 1.1 335 59 94 41 5 5.5 88 98 42 81 12 12.3 335 70 42
2 1 1.2 335 60 42 42 5 56 335 63 105 82 12 124 101 25 42
3 1 1.3 83 25 42 43 6 6.1 335 50 42 83 12 12.5 94 86 42
4 1 1.4 78 25 42 44 6 6.2 335 109 42 84 12 126 335 25 110
5 1 1.5 335 107 42 45 6 6.3 335 97 42 85 13 13.1 103 25 92
6 1 1.6 69 84 112 46 6 6.4 335 116 42 86 13 13.2 81 25 42
7 1 1.7 335 87 98 47 6 6.5 110 108 96 87 13 13.3 335 25 42
8 1 1.8 335 65 42 48 6 6.6 96 118 106 88 13 13.4 335 105 42
9 1 1.9 335 88 42 49 7 7.1 104 25 118 89 14 141 335 75 90
10 1 1.10 335 69 42 50 7 7.2 93 53 42 90 14 14.2 335 78 42
11 2 21 335 25 93 51 7 7.3 335 25 42 91 14 14.3 335 100 42
12 2 2.2 87 25 42 52 7 7.4 84 51 42 92 14 14.4 99 25 42
13 2 2.3 335 64 42 53 7 7.5 77 25 42 93 15 151 335 95 91
14 2 24 335 114 42 54 7 7.6 86 68 104 94 15 15.2 335 81 42
15 2 25 335 102 42 55 8 8.1 335 76 42 95 15 153 11 99 42
16 2 26 335 119 107 56 8 8.2 73 111 42 96 15 154 113 25 42
17 2 2.7 335 104 42 57 8 8.3 74 94 42 97 16 16.1 75 25 42
18 2 2.8 335 115 42 58 8 84 335 25 42 98 16 16.2 76 74 42
19 2 29 335 93 42 59 8 85 335 25 42 99 16 16.3 33.5 25 42
20 2 2.10 109 96 116 60 8 86 335 25 102 100 16 16.4 335 25 101
21 3 3.1 335 25 42 61 9 9.1 335 25 117 101 17 171 335 25 42
22 3 3.2 335 57 108 62 9 9.2 68 25 42 102 17 17.2 335 25 42
23 3 3.3 71 25 42 63 9 9.3 335 73 42 103 17 17.3 335 25 42
24 3 3.4 70 25 42 64 9 9.4 335 113 42 104 17 174 335 25 109
25 3 35 89 77 42 65 9 95 335 103 42 105 18 18.1 117 91 113
26 3 3.6 98 62 42 66 9 9.6 107 90 42 106 18 18.2 114 25 42
27 3 3.7 335 25 42 67 10 10.1 335 72 97 107 18 18.3 91 106 42
28 3 3.8 335 52 119 68 10 10.2 335 92 42 108 18 184 335 56 42
29 4 4.1 105 25 84 69 10 10.3 116 67 42 109 19 19.1 67 61 100
30 4 4.2 100 25 42 70 10 104 119 66 42 110 19 19.2 335 25 42
31 4 4.3 80 25 42 71 10 105 106 25 42 111 19 19.3 335 25 42
32 4 4.4 95 25 42 72 10 106 102 25 95 112 19 194 335 25 99
33 4 4.5 92 25 87 73 11 11.1 335 25 111 113 20 20.1 90 25 42
34 4 4.6 82 80 103 74 11 11.2 108 58 42 114 20 20.2 85 54 42
35 4 4.7 79 110 42 75 11 11.3 115 25 42 115 20 20.3 335 55 42
36 4 4.8 72 89 114 76 11 114 118 117 42 116 20 20.4 335 25 120
37 5 51 335 25 42 77 11 115 335 120 42 117 21 211 335 85 89
38 5 52 335 25 88 78 11 11.6 335 101 42 118 21 21.2 335 79 42
39 5 53 335 83 42 79 12 12.1 335 25 115 119 22 221 112 25 85
40 5 5.4 97 112 86 80 12 12.2 335 71 42 120 22 22.2 120 82 42

Identify significant bins linked to preeclampsia



Download the file “HEGESMA _v2.0.exe” from the URL hitp://biomath.med.uth.gr/

Create the file “xxx.dat” with the input data and put in the same directory with the
“HEGESMA v2.0.exe” file

. . »” B ook - Notepad =10l x|
Then, open the DOS prompt using the “cmd” command T
33.5 59 a4 a
13 ” ; —
Execute the program “HEGESMA _v2.0.exe 3580 42
78 25 42
33.5 107 42
a4 &4 112
33.5 &7 a8
C:xDocumentz and SettingzsuzersDezktop~PFME GAS>HEGESMA_vZ .@.exe 33.5 55 472
E o T e [T 33,5 88 42
By Elias Zintzaras and John Ioannidis 33.5 &9 42
For zoftware enguires mail Elias Zintzaras. 33,5 25 03
e—mail: zintzal@med.uth.gr —_ ;
&7 25 42
The program caclulates the average rank. %%'g fii jg
the Q. Ha, and B metrics. and 335 102 13 I
their corresponding P-values. In addition. 33'5 119 107
The program caclulates the metrics and the P-values 33'5 104 42'
for a specific hin, restricted to ranks +--2 : J
the average rank of the bin, as described by 33.3 115 %2
Zintzaras and lIoannidis din 33.5 93 42
Genet Epidemiol (20@4> 8;28¢2>:123-137. 13:295 ?E 41%5
In the curent director put a txt file with the data. 33.5 37 108
Thiz file has the format of a matrix with the 71 23 42
columns bheing the studies and 70 EE 42
the rows being the ranks of each bin. &9 77 42
Hame the input Ffile: xxx.dat 98 62 42
The study weights are in a txt file, named: weights.dat 33.5 25 432
The output file is in the current directory, 33.5 52 119
namned:-monte_weight 105 25 84
100 25 42
3Hul.-: many studies 7 80 25 42
95 25 432
studies= J.88800A a2 25 87
1gaw many binsz 7 &2 &0 1032
74 110 42
hins= 128 72 g9 114
How many runsz 7 33.5 25 42
3608 S 33.5 25 88
runs= 33.5 &3 42
. . a7 112 &a
Main analyis 7 B8 og 47
if not enter @ _J _J_J
if wnweighted enter 1
if weighted enter 2



http://biomath.med.uth.gr/

The output file is named “monte_unweight”

In order to open the file “monte_unweight”, open the
Word and then, open the file.

!EI monte_unweight - Microsoft Word
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Bins with P<0.05 are linked to preeclampsia



Microarrays



DNA microarrays consist of probes for
measuring the expression of thousands of
genes in cases and controls.

Over- or under-expressed genes may play a
role in disease pathogenesis.



The analysis of microarray data involve:

)

transformation of the data (e.g. log-
transformation and normalization-removing
systematic effects and bringing data from
different microarrays onto a common scale).

assessment of whether there is differential
expression between diseased and normal
tissue using a generalization of the t-test to
adjust for multiple comparisons.

Calculation of a P-value (false positive rate) or
a Q-value (false discovery rate)

(Q=(Pxn)/i, n=number of genes, i=sorted rank of
P-value)



Inferences are limited by
1) small sample sizes and
I1) Inconsistent results across studies.
Il) weakness of associations for each single gene
Vi) datasets obtained with different
a) experimental conditions,
b) platforms,
c) analysis techniques,

d) types of samples (e.g. different tissue,
different treatment conditions, and even
different species).

V) genes under study may also overlap, but not be
Identical across studies.



METRADISC
(Zintzaras and loannidis 2008 Comp Biol Chem)

METRADISC is a generalized meta-analysis
method for combining information across
microarrays datasets



Average metric

The average rank (R*) for each gene
expression across studies is calculated
based on the adjusted ranks (adjusted by the
maximum number of tested genes in any of
the combined studies).

R*=(ZR))/s

where R; Is the rank of the gene under
Investigation for study 1 (iI=1 to s studies).



Monte Carlo permutation test

The statistical significance of the metric R*is assessed
using a Monte Carlo method.:

1) the ranks of each study are randomly
permuted

1) the simulated metric R* is calculated

Ill) the procedure is repeated to generate null
distributions for the metric R*.

IV) each gene is tested against the null
distribution corresponding to the same class
of information

(i.e. gene with information from a number of
specific studies are tested against the null
distribution derived from these specific
studies).



METRADISC is interested in identifying genes
that have either very high average ranks (i.e.
over-expressed) or very low average ranks
(I.e. under-expressed).



Empirical demonstration
Seven prostate cancer microarray studies

Study Investigator Controls Cases Distinct
genes
1 Dhanasekaran 22 59 6414
2 Lapointe 41 62 9756
3 Luo 9 16 5026
4 Ramaswamy 90 190 8958
5 Singh 50 52 6824
6 Welsh 9 25 7107
7 Yu 23 64 7763

»A total of only 1863 distinct genes were common in all studies.
»There were 13580 different genes in the combined datasets.

»These genes belonged to 132 information classes.




METRADISC results

Average rank (R*)

Right-sided right-sided left-sided left-sided
P<0.0000037* P<0.001 P<0.0000037* P<0.001
N=22 N=192 N=33 N=245

*P<0.05 adjusted for 13580 genes




Genomic Convergence
(Kitsios & Zintzaras 2009 Ann Hum Genet)



Is there Genomic Convergence?
Do all methods agree in their results?

GAS, GWAS and WGS have produced inconsistent results across them.

CAD and/or MI

Hypothesis-free

Hypothesis-driven

Approaches WGS GWAS GAS
10 (6 MI, 4 CAD and MI) and i
No of studies 2 meta-analyses (Ml, 5 (2 MI, 3 CAD and MiI) ;g;? 222 18 meta
MI and CAD) y

No of markers/genes
investigated

>20,000 genes (>500,000

400 markers/scan SNPs)

203 genes

No of significant findings

40 regions showing linkage

(LOD>2) 15 SNPs (p<10E-06)

17 genes (based on
meta-analyses)

Replicated findings across
approaches

9p21.3 (Chr9 at 18-48cM) with 4 SNPs:

rs1333049 C/G (risk allele: C)

rs10757274 AIG (risk allele: G)
rs2383206 A/G (risk allele: G)
rs10757278 A/G (risk allele: G)

(Wang 2004, Samani 2007, Helgadottir 2007, McPherson
2007, WTCCC 2007)




Determination of genetic variants in
association to disease susceptibility can
only be verified when there is replication
validity within and between studies of the

same and different design




Genome-wide
association
studies

Candidate-gene

studies

Microarrays

Whole-genome
scans gene expression

studies

GENOMIC
CONVERGENCE

Genetic
testing
establishment

~

Enzyme
specific
treatment

Gene therapy

(Kitsios and Zintzaras 2009 Ann Hum Genet)



