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The article reviews liteTature on methods for meta-analysis
ofgenetic linkage and associatjon studies, and summarizes
and comments on specific meta-analysis findings for psychiat-
ric disorders. The Genome Scan Meta-Analysis and f4ultiple
Scan Probability methods assess the evidence for linkage
across studies. Multiple Scan Probability analysis suggested
linkage of two chromosomal regions ( l3q and 22q) to
schizophrenia and bipolar disorder, whereas Genome Scan
Meta-Analysis on a larger sample idenrified a! least lO schizo-
phrenia linkage regions, bur none for bipolar disorder. Mera_
analyses of pooled ORs support association ofschizophrenia
to the Ser3l lCys polymorphism in DRD2 and the Tl02C
pol),morphism in HTR2A, and of atrention deficir hyperacriv-
ity disorder to the 48-bp repeat in DRD4. The S-HTTLpR
polymorphism in the seroronin transporter gene (SLC6A4)
may contribute !o the rjsk of bipolar disorder, suicidal behav_
ior, and neuroticism, but association to the lifetime risk of
maior depression has not been shown_ Meta-analyses sup-
port linkage of schizophrenia to regions where replicable
associations to candidate genes have been identified through
positional cloning methods. There are addirional supported
regions where susceptibility genes a.e likely to be identified.
Linkage meta-analysis has had less clear success for bipolar
disorder based on a smaller dataset. Meta-analysis can guide
the prioritization of regions for study, but proof of associa-
tion requires biological confirmation of hypotheses about
gene aclions. Elucidation of causal mechanisms will require
more comprehensive study of sequence variation in candi_
date genes, better statistical and meta-analytic methods to
take all variation into accoung and b;ological strategies for
testing etiologic hypotheses.

Introduction
Mcta-aDalysis refers to i l set ofstalisticit l II)ethods to cont
b ine  t ia ta  f rom c l i f fe ren t  da tase ls .  l v le ta -aDa lys is  has
become impor ta l ] t  in  psych ia t r i c  genc t ics  bcc i luse  o f
rapid increases in the number and size of da1:!sets. When
nrodern  n to lecu la r  gc 'ne t ic  s tud ies  f i rs t  werc  i t r i t i i l ed

approximately 15 years ago, sarnple sizes tvpically were
less than 100 families for l inkage sttidies, or up to a few
h u n d r e d  c a s e s  f o r  a s s o c i i l t i o n  s t u d i e s .  S t u d i e s  h a v e
becomc la rger  (500 ro  lO00 fami l ies ,  o r  thousands o f
cases  and cont ro l  su t l jec ts ,  w i th  denser  mi r rker  n taps) ,
b€cause genotyping is cheapt'r and faster', l inkage analysis
software (using more powerful hardware) is f)ster and
more robust, and multicenter strategies have evolved for
recruiting iarger samples. Meta analytic methods are use_
ful to extract more iDfonnatiolt fron older stutl ies and to
combine then with newer, larger stuciies.

Numerous possible sources oI bias should be consid
ered when reading meta analyses I I o] Sorne investigators
dec ide  to  combine  d i r lase ts  w i thout  rega ld  to  p rev ious
findings and olhels do so bec;ruse of tht' ir positive resrrlts.
Publication bias (failure to publish negative results) can
Produce spuriously positive meta-analysis results. Neither
the reader nor the analy;t knows for sure lvhether sonte of
the studies had high genorypin[i error rates. Usually, these
errors produce false negative results, bul an error prone
assay also cotLld produce false positive "associatioD.,' 

Diag
roses 2lre never completelv crtr.npar ablt ' across studies."Narrorv" (sevcre) categories (schizophrerria, bipolar I) are
most reliable across sitcs [2,i] l , but thert' often is variation
across studies in inleryiervirg styles, collection ofcollateral
drta, and subieclive lveighting ofclinical features in assign
ing diagnoses. Therefore, cornbining da(asers wil l produce
a differenr range of clinical features than rbal fouDd in anv
one study. Fortunately, for each major psychiatric disorder
there is a speclrum of genetically related phenorypes, so
that (for example) there is l ikely to be a generic relation
ship between cases that "jnst make" a diagnosis of schizo,
phrenia at one celter but "just miss" at another. Lastly,
every  Ine ta-ana lys t  must  make a  se t  o f  dec is ioDs about
which hypotlreses ro test aDd which studies to include.' lherefcrre, 

the availabil ity of rnore rhan one meta-aDalysis
o f  the  same hypothes is  a t  a  s imi la r  po in r  in  t ime can be
more instructive than a single analysis, bec;ruse each analy-
sis sheds l ighr on the strenghs and linitations ofthe other

Cenetic linkage
Cenetic l inkage analysis tests whrther there is correlation
betlveen diagDosis and inheritance of DNA nrarker alleles
within families with two or more i l l  rel:rt ives (other thar
parent-chilt l  pirirs). Linkagt' to conunrrous tralt measure-
nc ts also cirn be studied. lhert'now are ntany genonle
s.an studies of t)arkers on all chrornosornes. I he fi i lure of
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carly psychiatric gcnetic studies 1tl l f ind consistently replica'
b le ,  s ign i f i can t  l inkage suggests  an  e l io log ic  ro lc  fo r  the
combinccl actiors of nrultiplc gt'nes o{ snr:rl ler effect lather
th : rn  "ma jor  locus"  e f lec ts .  Meta  ana lys is  can lac i l i ta le  the
search lbr these genes by increasing sarnple sizc. Howevcr,
l ike .rny l inkage analysis of a conplex disorder, meta-anal

1,sis crn provicic suppon lor l inkage, but cart nt'vt 'r disprove
th i ]1  there  cou ld  bc  urc le tec tec l  l inkage (very  wcak ,  o r
stroDg, but only iD a srnall minority of families). An inre|
csling meta anallt ic study looked at l inkage studies o1-tl i l-
ferenl cornplex disorders,:rnd fountl that highly significirnt
l inl<age was nrorc Iikt ' ly to bt'obst'rvecl whe n rnore l imil ies
r,r 'erc strLdicd, ancl rvhen they $'ere drawn fiorn a reils()D'
able lronrogeneous popul:1tion ethnically 14. I

Methocls
IIgenoqpes are avai]ablc for each sample, the fanril ies c;rn
be combined in to  a  s ing le  l inkagc  ana lys is ,  a l though i t
n rav  be  w ise  to  app ly  s ta t i s l i .a l  n re thods  to  de tc rnr ine
\\ 'hethcr results tl i l l i :r across si(es l5,rrl. lwo lormal neta-
anr l_vs is  methoc ls  have been app l ied  to  psych ia t r i c  da ta .
Ont' is nultiple scan probabil ity (NlSl') I7.j, which uses a
var ia t ion  o f  l ; i sher 's  n re thod l8 l  to  con l rb ine  probab i l i t y
r',r lrres from diflereDt scans while conecting fcrr tbe geoetic
<iistance between peaks in different studies. -fbe second
ncthod, genonre s.an nleta analysis ((;SMA) [9,10.], has
h e e  n  m o r e  r v i d e l y  a p p l i e d  l l l  l 7 l .  ( i S M A  i s  a  r r n k
ordered mrthod that starts bv dividing the gel]onre inlo
seg incn ts  (120 "b ins"  o f -  30  cent iMorgans) .  I ;o r  eac l r
scan, cach bin is assigned the hest l inkage score observecl
within that segrnenL, and thcse scores are used to rank eaclr
b in .  lhe  ranks  c i r r r  be  wc igh lec l  lb r  sarnp le  s izc -  fo r  e lch
bin, the ranks are surrrrnecl across studics. l 'robabil ity val-
urs can be deternined f<rr unweighted t:rnks from a theo-
retical distribution, or ftrr wt' ighlctl ranks b), permutation
(es1, with Iionferroni's correction to determine genonrc-
w idc  s ign i f i cance.  A  s imu la t ion  s tudy  a lso  showed th i r t ,
whel therc are namy "l inked" bins, tht'y tend to have prob
ab i l i t y  va lues  less  than 0 .05  (w i thout  cor rec t ion)  lb r  the
summed/averaged ranks (P1,"x,,1), aDd lbr a s(atistic (Por,i)
which determines u'hether (fol exarrlrple) thc summed rank
of the fifth-plact' bin is higher than cxpccted by chance for
f i l t l r .P l . t cc  b ins  I lo l  whcn \ ,  1 \  i ' IBcnon le  \c  u ts  w,  t ,  s in t
ulated with no l inkage present, lc:ss thaD 5'lo of (lSlvlAs

detected fivc or nrore bins with bolh probabil ity values less
than 0 .05 ,  bu t  th is  th r t ' sho l t l  was  f requent ly  cxcceded
wben linl<ag,e rvas simulated in nultiple bins.1me linkage
a lso  more  o l te r r  p roc lucc t l  s ign i i i can t  resr r l t s  in  ad jacent
bins- ' l  his threshold often was met even whcn the ger)etic
elfect was too wcak to produce a signil icant l inkage score.
' lherelore, CISMA nay be rnore st'Dsitjve to weal( l inkage,
although at t lte expense ofpoor localization.

Results
Several collaboratiorrs hirvt' cornbined sanlples ior I inkilge
;rnalyses of canrlir ltte regions (chrornosomal rcgions that

had producetl positivc rcsul(s in a reported stud),, but not
in  a l l  sanp les) .  lb r  exan lp lc ,  two co l labora t ive  s tud ies
(using parti:r l ly overlapping sarnples) providt'd early sulr
port lbr thc l inkage to schizophrenia on chroi)osome 6p

[18, l9], and the s€cond of these provided stronger suppon
for  l inkage o fsch izophr r :n ia  to  chromosome 8p [19 ] .  A
multicenter stLldy also supponed linkage on chromosonre
6q J20] .  A  combined ana lys is  o fb ipo la r  d isord t r  i r  n ine
extendecl pedigrees frorr lhree studies failed to find a corn-
mon location for thc'l inkage peaks that had been observccl
in these stuclies [21].

(l i :nome scan meta-analyses \D..,23.1ilDd NlSP 124.1
analyst's have bcen publishecl for schizophrenia and bipo'
la r  c l i sord t ' r  (see  Tab les  I  and 2  fo r  a  summary  o f  the
CSMA results). lhe lvlsP analysis also conbined the bipo
lar and schizophrenia scans, because it has been hypothe
sized that some Ioci predispose to both disorders [25]. The
sanples used for the (ISMA studies are described in Tables
1 and 2. The NISP anal)'ses used l8 schizophrenia genome
scan da tasets  (681 ped igrees ,  i  929  pa t ien ts  w i th  sc l r i zo
phrenia or schizoaffective disorcler), 11 bipolar datasets
(353 pedigrces, 122ti pit ients with bipolar I or l l  disorde;
cor r rspond ing  to  the  In te rnred ia te  mode l  o f  the  GSMA
shown in ' l irble 2), and both sels of scans combined. 'Ihere-

fo re ,  lh r  MSP ana lys is  cons idered a  sna l le r  number  o f
families in each diagnostic calegory, drirwn only from Pub
lished darr, whereas the CSMAs added data provitlerl b1'
investigalors.'I ' lrc results also were different. For schizo-
phrerria, botb me{hods produced positive results for the
sanre rcgions of chrornosolnes 8p ind 22q. However, the
NlSl' anil) 'sis detected significant l inkage on chronrosorDe
I3q and 22q Ior both disorders, and fcrr tht tvo disorclers
coubined, whcrcas the (ISMA srudies did not detect l ink
age on 1lq for either disorder, oor for 22q for bi;rolar dis
order Therefore, the MSI'analysis concluded that thert: is a
genctic relationship between these two disorders, whereas
the CSMA of a larger dalasct does not supporl t lrat conclu
sion. Because the MSP sample was not a simple subset of
the (;SMA sample, the results cannot be directly compared,
but it is l ikely thal the lnain factor responsible for the dif
fcriDg results was the differences in the datasets, given that
R. Segurado reported on a CSMA ofpublished data cornpa
rable to that used in the MSt', wilh similar conclusions
(oral presentation, World Congress on I 'sychiatric Genet-
ics, Sr. l,ouis, Octobet 2001).

The rcsu l ts  o f  the  sch izophren ia  CISMA are  h ighJy
encourag ing .  l  here  were  12  b ins  in  10  chromosomal
regions r,vith Pl"rp,rk and Pord less than 0.05. Ihis would
l rc  ex t rene ly  ra re  in  the  abscnce o l  l inkage in  many o f
these b iDs  [10 .1 .  There  were  add i t iona l  reg ions  w i rh  l ' o . , i
l css  than 0 .05 ,  an t l  s imu la t ion  c la ta  suggest  tha t  sor le  o f
thcsc  w i l l  u l t ina te ly  p rove  lo .on ta in  l inke t l  loc i .  These
linkage regions inclucle the locations oIst'veral genes fcrr
wh ich  assoc i : r t ioD ev idence has  now becn repor ted  in
sevr:r:rl sanplt 's cach, and which were originallv identi
f ied  th tough sys terD i r t i c  assoc ia t ion  s tud ies  o l  c lense
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Table l. Genome scan meta-analysis of 20 schizophrenia genome scans [ | | ,27]

Chromosome Begin-end cM Cytogenetic loc p Both<0.05

I
I
2
).
3
5

6
B
t 0
t l
t 4
t 5
t 5
t 7
l 8
20
22

6
7
5

2
5

2
4
2
I
5

3
2
3
4
2

t42.2,170.a
t70.8,20 r.6
t0 t .6 ,128.4
| 28.4- | 54.5
32.4 63.1

13t .5  t64 .2
0 32.6

32.6 65.1
99.0- | ]  t .  I
27.4-55.0

o-29.2
99.0- | 23.0

o-40. I
52.3+5.5
32.1-.67.5
63.6-94.0

96.5-t25.0
1t 247.5

0  33 .8

I p | 3.3-q23.3
1q23.3-q3  l .  I
2p | 2-922.1

2q22.1123.3
3p25.3-p72. I
5q23.2134

6p12.3-p2l-l
6q  l5  q23.2
8p22 p2l.l
l0pter-p l4

| 1q22.3124. I
l4p ter  n  13 .  I

l5q2 l .3 -q25.  I
1 6 p 1 3 1 1 2 . 2

17921.33-q24.3
l8q22. l -q te r
20p12.3-p l  I

+
!

+

+

+
+
+
+

t
t
1
t
T

t

+Uncorrected PAvsR,,k or Por,t <0.05
rBoth P-values weie <0.05
funcorrected Pa,"qnp or Po.d <0.10
rP value was siSnificant after correcting for l20 tests
PAvsRnk-P_value for the av€rage \reiShted rank achievcd by thar bin across studaes, obrained by a permutation testi pord probabitit/ o{observing a
given average weighted rank by chance considering the order of rhe bins.

Diagnostic model

Chromosome B in Begin-end cM Cytogenetic loc BP-USAB +BP- I I  +MDDR

I

2
7
8
8
9
t 0
t 4
t 7
l 8
t 8
l 8
t 9

4
6
6

l
l
l
2
I
2
l
4

83.07  |  t3 .69
t28 .41  - t54 .48
t22.4&-t 48.t I

0-27.4
| 37 .92 | 67.9

53.6J€4.9
62.23  9 t . t3
74.96 t05

25.t4-63.62
0 24.08

24.08-62.84
62.84 96_48
75.4 | t05.0

1 p 3 2 . 1 1 3 l .  I
2922.I n23.3

7q34-qter

8q24.2l-qrer
9 p 2 1 . 1 1 2 1 . 3 2
l 0 q  I  1 . 2 1 1 2 2 .  I
14q24.113212
l 7 p  1 2 1 2 1 . 3 3
lSpter  p l  I

l8p  I  l -q  12 .3
l8q 12.3-q22. I
l9q  |  3 .331ter

t

t

t

+

I

1

t

funcorrected PAv{Rnk o. Pord <0 05
l-Jncorrected PA,sRnk or Po.d <0.l0
r8oth P-val0es were <0 05

Table 2. Genome scan meta-analysis of I I bipolar disorder genome scans [28]

t raps  o f  markcrs  in  l inkagc  reg ions :  DTN13l ,  t  (dys l r in
d i n ,  b i n  6 . l ;  b i n  6 . 2  w a s  a l s o  p o s i t i v c  i n  t h e  C S l v l A )

[26  281,  and ca(ccho l -O rJ lc thy l t rans fc r i l sc  (COM' t  )  i r
thc  rcg ion  o1- the  n l i c rode le t ion  respor rs ib le  fo r  ve lo  car -
d io  fac ia l  syndron le  (b in  22 .1)  [29 ]  ( I ,RCl l )1 t2  I301,  i ' r
the salrle regiion, is reportccl to br: associated to schizo-
phren ia  bu t  th is  has  no t  ye l  bcer r  rep l i car t  d  t reyond the
o r i g i n a l  r e p o r t ) .  r \  t h i r d  p r o n i s i n g  c a r r c l i d a t c  g c n c ,

NR( i1  (neurcgu l in - f ,  b in  8 .3 ) ,  was  de tec led  by  sys tenr ,
a t i c  i rssoc ia t ion  ma; rp ing  and then rep l i ca ted  in  ac l t l i -
t iona l  samples  l3 l  35 j .  However ,  rh t 'ac l jacent  b iD or r
chronrosone up  (8 .2 )  i s  rhe  one in lp l i ca ted  by  most  o f
thc l i l lkage eviderce. ()ne wonclers whetlrer some of the
nerc  co ln lna ln  l inkage reg ions  con l i l i n  nore  than one
susceptibil i ty Belle, and this may prove to be thc case for
6 p  l  1 6 l  i r n d  8 p  1 3  7 1 .
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(;enome scan met;r anaiysis suPlrorted l inkage in st'v
eral othcr regions, including the proximal part of chromo-
some lq, rvhich has produced cvidcnce for l inkirgie in some
samples [38,']9], but not ot]rcrs [401. Rin 2.5 achieved the
single most significirnl result (a corrected genome wide sig
nificant l ' �nuap,,1), with PL*pnp and l 'ord less than 0.05 in
bins 2.5 and 2.6. Linkage pcaks in this rt 'gion have varied
in  loca t ion  : rnd  s ign i f i cance lcvc ls  g t 'ner : r l l y  have been
rnodest ,  as  a lso  has  been the  case fo r  chronrosome 3p,
which has never produced striking evidence for l inl<age in a
r . r r p l , .  l t  I ' r o l ) , r l ' l v  w i l l  r r : q u i r e  \ \ \ l ,  n l d l i t  t s \ . . i a l i . r r r
nrapping ofthcsc rcgions to delerrnitre u'hether there are
one or more susceptibil i t_v genes in each of them. MSP sup
por ted  sch izophrcn ia  l inkage on  chronosome 13q,  bu1
( lsMA (us ing  a  la rger  da lasc t )  d id  no t .  Th is  reg ion  pro '
duced significant l inkage results in 1wo silmples [41,,12],
near the Cl72 gene for which there is evideDce tor associa
t io r r  1 ( )  sch izophren ia  and b ipo la r  d isorder  J4 l -491.  Th is
pattern ol-rcsults offers no sinple cxplaDaticln.

' lhe bipolar disorder (lSN4A was more tl isappointing:
lhere rvas no significalt rcsull by any metric. lherc were far
fewer bipolar I families (approxirnately 400) available for
t h i s  G S M A  t h a n  t h e r e  w e r e  s c h i z o p h r e n i a  f a n t i l i e s
(approximatelv l20O), so it is possible thirL future nrelit
analyses rvil l  be more successful wltcn newer sludies are
included [50 521. lt was surprising to some investigi]tors
that broaclt 'r diagnoslic models did not producc nrore sig-
nil lcant (ISMA results despite thc l irrger san)ple sizes.

Mul t ip le  scan probab i l i t y  ana lys is  o f  four  au t ism
genonle scans sllpponed linkage on chrolrosome 7q [7. ].
Additionirl collaborative autisrrlr l inkaSc data arc cxpected
in thc near frrture.

(lenetic Association
L inkage ana lys is  ident i l i cs  a  w ide .hromosomal  reg io t r
l ikely to contain susceptibil i ty gene(s). Association analy
s i s  i d e n t i f i e s  a  s p e c j f i c  D N A  " p o l y m o r p h i s m "  t h a t
increases disease risk or that is close 1o sttch a sequence (a
"polymorphism" can be a single-base change, or an inser-
t ion ,  de le t ion ,  invcrs ion  or  repet i t ion  o f  a  sequence o f
bases) .  L in l< lge  is  a  cor re la t ion  be twcen d isease and
nr . r r l c r  . r l l ,  l cs  w i t l t r t  fami l i r ' s ,  whcrcas  . ts ro ,  ia t ion  is  . t  r  u t -
relation across families. In l inkage analysis, most stlbjects
may carry the " l " marker allele in one fanrily, and the "2"

in arolher. Meiotic recombination is nrore antl more l ikt ' ly
to re-slruffle these relationships in succeeding generations
as the distance increases be(wcer tl!e disease locus and the
nearest marker. Association is a correlatiotr between atl
allelc and disease irr the entire sample (one also can test a
haplotype or allclcs irt several locations on one chfoInct-
some) .  Assoc i i r t ion  ana lys is  esscnt ia l l y  t rea ts  sub,ec ts  as
members of one hugc fanril l ' ,  tcstiDg for correlations dal-
ing bacl< thousands or mill ions ofycars. AD lssocil lt ion can
be obsrrvecl b-v chance (false positive), or if the associated
allelc altcrs diseast'risk, or if i t is so close to ir susceptil) i l i ty

polylnorphisrn that meiotic reconlbination seldom sepa
rates then, so that the marker allele that was next to the
"ancestral" disease nutation is sti l l  next to it mucb of the
time (l inkage disequil ibrium). Numerous meta-analyses
have becn repor tec l  o f ; rsych ia t r i c  assoc ia t ion  s tud ies ,
mostly for genes relevanl 1o dopaminergic ancl serotoner-
gic neurotransmission.

Methods
Association can be studied with case-control and family-
based analyses. lhe former tests allele, genotype, or haplo-
type frequency cliffi:rences between ill individuals and con
trol subjects (wt' l l  individuals or a random population

sanrple). lhe classic, family-based (transnrission disequi-
l ibriurn) analysis determines, for each case-pareni trio,
whether a parent "translnits" the allele of interest to lhe
patient significantly more or less than the expected 5Oyo ot
the time l-531. Olher family constellations can be analyzed

154-561. Case control studies require careful Drirlching of
thc two groups, because allele frequencies vary in world
populations because of chance events in their reproduclive
and lrl igrirlory hisrories. FamiJy-based analysis elinrinates
this issue, but Ior adult diseases, it is often diff icult to
recruit both parents- Meta-analyses lrave considered case-
control ard family based studies separately or toBether.

Meta-analysis requires estimating a pooled OR. If the
ratio ofthe two allele frequencies is 3:1 in cascs and 2:1 in
control subjects, rhen the c)R is 3/2 or 1.5. Depending on
sanp ie  s ize ,  an  ( )R has  a  C l  w i th  a  95o lo  p robab i l i t y  o f
inclucling the ;ropulation's true OI{. If this CI includes 1�0,
then the l lroups tlo not diff-er (I '>0.05). One cannot com
pute an OI{ froIn frequt'rrcies summed across studi€s. This
would be comparing apples (cases from one population)
with or:rnges (a large control group from a second popula-
rion with different allele frequencies). (l l ls are statistically
combined using either fixcd cffects meta analysis (ORs are
pooled in a way that assumes a uniform underlying, effect
across  s tud ies)  o r  randon e f f rc ts  meta 'ana lys is  wh ich
assumes some variabil ity across populations and usually
resu l ts  in  a  w ider  C l  (more  conserva t ive  tes t )  I57 . ,581.
Random effects meta analysis generally is prelerred, but
the two methods produce similar results [59..]. W€ll-con-
ducted mcta-analyses select studies based on clear criteria
and an exhaustive search of Lnglish and non-English jour'

nals, with resolution of sample overlap in different repons.
Ideally, there should be statistical tests of heterogeneity
amon61 samples  (subgroups  o f  samples  w i th  d i f fe ren t
gcneric effects), of sensitivity (rhe effect of dropping each
study in turn), and of publication bias (whether negative
studies seem to be missing from the l iterature) - smaller
studies produce a wide range of ORs above and below the
pooled result, and one can test whether this range is trun-
c i r ted  (absence o f  the  expecred less  s ign i l i can t  ORs)

[60 ,61 ] .  Thc  sens i t i v i t y  o f  th is  tes t  to  smal l  b iases  is
unclear. l herefore, Cls that barely exclude 1.0 must be
regarcled with caution. Multiple testing can be a problem if



Meta analvsis in l)sychiatric Genetics . L.,rinson l4Z

E
E
I
i

o

' t

o
'o

l : .
t 1 ,

|  . -  
- i

t q - -

t 6 3

r p

- ;
d :

* l
, ? 6

I E

P . i

:o - .9

o E
! 9

k ;

4 . 9
t q

. o l

€ l

x . 9' t x

6 t o

t  o !

< 9 ;

+ i  t

E Z t

. i ; l

u

o

{)
E
tr
u

. o
UJ

o

ts
(!

tt

E

r.:
o

o t _ r n 4
^ r :  - :  e  \ . o  m . {  ! - . . . r  S  o  

} g 9 ; *
Y - . o -
r J - : + + l d d . _ l l J r  4  j  + + J r r  i t- - :  r 1 1 9 l c C q q q o :  q  q  q q - n F .  , . : ,  -
- - - o o o o o - - - o  -  o  c r ' - - j  - j  - - i  c j  _ t  _ _

.1  Cp 14  t r  6  o .  m. \ t . . r  _  F-  rn . \ r  !. " !  s  q  q  . 1  . - {  d - - . . . J  . :  6  _ .  :  : 3  l : 1 : 3  1 :

E
. 9

. i
3 :

g

o g V
a  F 6  |>  x , . l g, :  Y 6 o  a \ :  ;
;  . - " ;  i a ' -  h

o  !  € i . 5  d t s , -o  F  ' 5 c  t 4  i ;  l -
J \ 6  F' -  -  ?  ; ; i  p e  ;E  ;  . = -  i  + +  : :  ;

@ t ; O O  4 i :
;  e  * h # € ; - i , ;  S=  o  o  o  L  l . ?  .  " ' o =  !
d  o  ; +  h !  h :  Y : -  1

V ( / l d  d €  O ;  !  q

; , t  d - o  L Z + + + l r l l  6

5 3  S 3 ' 3  -  A x t t  h E  -g e - _ . - - _ o 6 q o  4 . _ - - . H E E - 3 8  3 3c c c c v v o v  o - - i i i d c ; c ; E c j d  c j o

g
€

H i r  I
4  Y  v e  d  a  

! i
, t  . i  - -  i  E  : g

- :  .  4 U  r -  (
H ;  H  r i S  A i  , f  i
i b  b  ! 9 ;  ! ;  . . . . d , ' u . i  

"
* o  6  -  - d ' -  

5 < -  | r j  . .  i i g Q s . i  e6 -  c i  P < - *  S , <  V  v b  i . j  i j u u z  - >  5  O +
:9 g I  i  q i i  r  E n J , ,  F '  ,J I  c c c j  *  5 ro
; 5  5  P  : 6 i F � 9 i a s * 3 \ a * u g > t  e 6 -

4 9 ,  ,  6  r  r :  - j i rg g 5 .  ! -  - : : g  b  i r ?  ? ! ? - 9  E " *
U O i r - : j i _ - : j - : < U U  q a 6 \ h 6 9 , ; g g g 7 2  i i

o. o o o. c) - .-.r - - - o ?t
F - @ @ N C D a D @ @ @ @ @  @ c ot-- F- t\

+{

fil

d

@

o)
!

cl

rlt
o

tll
o

G

I

]

r!

(l

I
q)

G,

q,)

d
(1,)

E
Fi
g

F



1 4 8 (ler)elic f)isor(lcrrs

scvcral c{l icts art ' lcstt ' t l  (;r l leles, gcn()1ypes, Ihclrol_ypes)
anc l  59 'o  o f  rnc ta  ana lyses  w i l l  b t ' "s ign i { i can t "  by  char rcc .
t ,as t l y ,  tbe  cur re l r t  au thor  advoc i l t cs  cor ) tac l ing  a l l lhors
r'vht'n necessary to inquire about sample overlap arrl tcr
ob l . r in  unpub l ished de ta i l s  to  permi l  cor r rpar ison  w i l l r
( ) ther  s tud ics .  lh is  p rod t t r :cs  l l rg t ' r  and n lo re  i laaLr r i i t ( '
nreta analyscs.

Results
Meta'anal),sis Irirs supported sigrri i iQrnl ;rssociation of lour
po lymorph is lns  1 ( )  sch izophren i r ,  o r )e  to  cc r ta jn  c l iu ica l
lca(ures rclated to nootl and anxietl, disorders, ancl one to
a t t c r ) t i o n  d c f i c i t  d i s o r d e r  ( l h b l c : )  1 6 2  7 3 1 . l b e  m i n y
negative rneta'analyscs rvil l  not lrc revicrvctl hert'(clt ' t ir i ls
available from the author on lequest), nor wil l pharnraco-
gcnornic sludies be considered.

lor schizophrenia, genes related to dopamilcrgic neu-
rotransrrission havt' bcen rnost wirlelystudied, pani.ularly
DRD2,  L ) l l l ) - l  a r rd  l ) l { l )4  wh ich  rncodc  r t ' cep tors  in  lhe
D.2-li l ie fe..plor famil-v (inhibitory effect on cyclic-AMl'
p roduc t ion  lnd  h igh  a f f in i t y  fo r  an t ipsychot ic  dmgs)  1741.
lD  D l lD2 (chror r )osonte  11q23) ,  i l  Ser3 l lCys  anr iDo; lc id
change ( l  to -C l  subs t i tu t ion)  lowers  th ( :  reccp tor ' s  DA
affinity [75,76]. 1lvo recent neta-analyses fi lrrri l  signifi
can t  assoc ia t ion  o f  sch izophren ia  to  thc  t l / l l ys  var i ru t -
l lach of tht'two available recent neta-analyscs I62,631 has
sonre  l la rvs  (undc tcc led  sar rg r le  over lap  [62 ]  o r  omi t ted
s tud ies  l ( '31 ,  c le ta i l s  ava i lab l t 'oD reques l ) ,  bu l  l l re  cons is
lcncy in the results sugil lcsts a l ikely sigrl if icant associatiorl.
l n  I ) R D l  ( t q l i ] ) ,  a n  A - t o - ( l  s u b s t i t u t i o n  p r o t l u c c s  n
Ser9( i l y  a r l ino  ac id  ch ; rnge 177 l .  ReceDt  r rc ta  lna lyses  o f
1he many stu(l ies ol this polynrorlrhism produced coDtra-
dictory conclusions. Separate rneta-aralyses ol-case control
ald l lnri ly blsed studies founcl no signiticant association
for  r l le les ,  gcDo lypcs  or  honrozygos i ty  [64 ,651.  A  meta-
analysis lh;rt combincd the two rypes ofstudies (otDitt ing
tlte l irst p()sil ivc reporl) found a modest, significant associ
it ion for thc 1 I gcnotype, brrl also significant publication
bias (l)=0.04), ancl several studics seenr to Irirve been omit-
ted fioln thal inalysis I59]. Although a very rrodes(:tssoci
rtion is possible, it has not been convincingly cstablishecl.
I D  D R D a  ( l l p l 5 ) ,  a n  a t r a l y s i s  o 1  o n l y  t h r c e  s t u d i c s  [ 6 6 1
found moc lcs t l y  s ign i l l can l  i sso . ia t ion  bc twecn sch izo

PhreDia and a - 521C/ l varirnt iD the promoter region that
i l l luc'nces transcriptic,n [78]. This l i lding, requircs adcli-
t joi. l ir l  sludy. Lastly, in l{ l l{2A ( 13q I ,1) (lypc 2A serotonin
rcceptor ) ,  thc  ( l  a l le le  o f  an  anonyrnous  1  102( l  subs l i tu
tioD l79l in the 3'-LIIR rcgioD is irpl)rrenlly irssociated with
scb izophren ia  1671.' lhc  poss ib le  assoc i , r t iou  o f  sch izophre t r ia  to  ( lOMl '

(22q11) is unclcar l\1eta irnalyses l59,B0l lblrnd no associ'
i r t ion  to  the  we l l -known Va l158/108Mcl  l i rnc t iona l  po l l ' -
norphism.lSl] Subsequcnd,v, Shifnr:rn cl (r/. I29l reporred
very wt'ak i lssociatioD ofdre (l allele (l '=0.024) in ;r lrrge
sample, but atlcl i l ion ofthese data to previous stuclics docs
n( ) t  p roduce a  s ig r r i f i can l  rcsu l l  bv  random e f fcc ts  lne ta-

ana lys is  (unpub l ishec l  ana lys is  by  the  present  au thor ,
results ;rvailable on rcquest). IJorvt'vt 't Shifinan et d\.129]
r e p o r t e d  r n u c l )  s l r o D g e r  a s s o c i i t ( i o n  ( P < 0 - t ) 0 1  a n d
i k0.0001) for two other (lol '4l single rlucleolide polyinor
phisms (SNI's), aDd another study [82] sugllests that the
assoc ia l ioo  cou ld  bc  w i th  c i lher  ( lON4l  o r  an  ad jacent
genc, AIiVCf. T his region clesetves more comprehensile
study in largcr slrnplt 's.

For nootl cl isorclcrs, the only significant meta artaly-
s e s  h a v e  b e c n  f o r  t h e  4 4  b p  i n s e r t i o n / t l e l e t i o n  ( 5 -
I I I ' I t . l l t )  iD  the  pron lo tc r  reg ion  o fSL(16A4 (17q11) ,  the
gt 'nc  enco< l ing  the  sero ton in  t ranspor te r  ( re  up take  s i le )
wh ich  is  a  la rge(  o i  an t idepressant  d rugs .  The "s l to r t "

allele recluces transcription and functional activity [831.
Thc  la rger  l6B l  (bu t  no t  the  smal le r  169] )  o f  two recent
meln  ana lyscs  o f  case cont ro l  da ta  fount i  a  s ign i f i can t
associatiorr betwecn lhe short allelc and [ripolar <lisorder;
neither analysis founcl an association with nrajor de;lrcs
sion. l he short allele r,vas lbund to be associatecl with sui-
c ida l  bchav io r  and ideat ion  on ly  in  the  s r ra l le r  [71 ]  o f
two rccent meta-alralyses, but this was not obscrved in the
larger neta-analysis I701, which found an excess of SS+S[,
genotypes for suiciclal vt 'rsus non suicidal patients (but in
alcoholic ancl not Dood disorder patients), and for those
with violent suiciclal behavior versus control subiects or
versLrs paticDls with non-violt 'nl suicid;rl behavior. ShoIr
ailcle carricrs havc beer reported to have an increascd risk
ofDrajor depression onsels after l i fe stress [84], an eflect
lhit l was re(ently replicated (Wilhelm ?f al., poster presen-
( ; r t io l r  a1  t l le  Wor ld  Congrcss  o l  Psych ia t | i c  ( lene t ics ,

Dub l in ,  October ,2 ( )04) ,  bu t  no t  an  inc reased overa l l  r i sk
o f  n ra jo r  dcpress ion .  I 'hus  5- I l  l ' L  l .PR cou lc l  b t '  n ro re
closcly relatecl to enotjoDal reactivity, or to personality
char i rc t t ' r i s t i cs  fe lev in t  to  rcac( iv i t y  and d t 'p ress ion ,  as
suggested  by  a  la rge  r re ta  ana lys is  tha t  Iound a  t rend
(orvard association of 5-HTTLPR genotypes and neuroti
cisrn, harm avoidance, or related personali ly trir its, with a
sur i r l l  (0 .106 SD)  bu t  h igh ly  s ign i f i can t  e l fcc t  o f  the  S/S
geDotype in the subsel of srudies using the NEO inven-
1(lry to measure neuroticisrn 1721.

Las t ly ,  a  n re ta - i rna lys is  found an  assoc ia t ion  o1  t l re
t)ltD4 48-bp repeat polynrorphism and attentioD deficit
hypt'ractivity t l isorrlt 'r in farnily'based :rnirlyses, irnd in a
subsc( ofstudi(]s thilt i l lso.arried oul casc-control analyses
(in cases overlapping with the family samples) [73I.

l)iscussion
f ' , lodern nreta analysis methotls can derive valuable infor
nration fronl Iarge nunhers of psychiatric gt'netic l i irkage
aoc i  assoc ia t ioD s tud ics . ' Ihese methods  c lo  have l im i ta -
tions. |ol exarnple, tht'y rlepend on the quality of each
s tuc l ,v .  l -he  ar )a lys t  canno l  k r row whethcr  some o f  the
ipparent ly  e l ig , ib le  s tud ies  r rc  in t roduc ing  uDc le tec led
sources ol crror or other variatiou. Eadr meta irnirlvsis also
iDvolVes clecisiorrs irboul lvhether to test one h)'pothesis 1c)
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preseNe po\{er, or multiplt '  hypotheses ( genetic effcrcls,
cli irgnostic models, ethlri. subgrouPs, pt'cl igree lypc's, mt'th-
odological dif l i lences) with lnore chances 1o dctect effects,
but with possible loss of power. A rrtela-analvsis of all d;r1a
c:rnnol be replicated in ir second sample. I)espitc these lim-
itati.)ns, thc rcsttlts sunmarizt'd above show rhar signifi-
canl cff 'ects can be observt'ci, thereby providing gLridance tcr
invcstiBators priori l iziDg future studirs.

' l  he positional cloning slrately hirs achieved r]ranratic
successes in the study ol- sch izophreniir: nurnerous l inkagc
rcg ions  have shown some cons is tency  o f  resu l ts  across
studies, irncl highl_v plausihle candidate genes have been
itlt 'ntif ied in sonc of these regions with association map
p ing  ( " l inkage d isequ i l ib r iunr  "  mapp ing) -  g t 'no typ ing
very dense m;rps of DNA markrrs (separateci by thousands
of  base pa i rs  ra t l re r  t l ran  rn i l l i ons  or  tens  o f  mi l l ions  in
l inkap ie  s rud ies)  across  a  reg ion  to  de tern ine  in  wh ich
genes there lnight br: evidence of association to disease.

'Ihe readcr rvil l  note the abscr)ce ol iDc(a-analyses ol'
thcse  "new sch izo ; rh ren ia  geucs . "  lhe  f inc l ings  in  these
genes are not single associated polynrorphisrns, but rather
varir-Irs haplotvpes of SNPs or othcr rDirrkers that seem to
bc associated in different sarnples (althongh a single asso-
ciated Nl{(;l haplotype was sccn in two samples [36,37]).
lu sucb cases, tbere is no single h)?othesis for a nreta-an.rl,

1sis. Only in the past few years has it been feasible to plan
studies in i,vlrich large nunbers ofSNPs are tesled in eaclr
gene o l  in te res t .  Someday i t  may b t 'poss ib ie  to  s tu t l y
ncar ly  a l l  po lymorph ic  s i les  in  a  canr l ida te  g r :nc  anr l  to
anal,vze their effects iointly, perrnjtt i l lg each study to tcst
the  hypothes is  o l  " i l ssoc ia t ion  in  th is  gcne [85 ,B6,87r ] .
Anyone lvho h:rs atterrtpted a gcne'basecl analysis in a rea-
sonab ly  long g t 'ue  can conf i rn  th r t  the  porvcr  o f  these
l r )c thods  is  Dot  ye t  c lear ,  b r l t  i l  scems l i ke ly  tha t  as  thev
evolve, they could provide a birsis fcrr nleta,ilrlalyses.

No psychiatric disorcler candidate gene has yet been
studied sufficiently comprelrensively in enoulih subjects to
arrivc at defiDitive conclusions about the genetic mecha
n is rns  l ry  wh ich  sequence var ia t ion  is  con t r ibu t ing  to
patholo$/. 'I 'he ult imatc test of a hv;rothcsis ofgent't ic asso-
ciation is biological, not statistical. The actions and interac
tions of a gene and the effects of sequence variirt ion in the
gene must be sufflcicntly well understood to provicle a plau
siblc irnd testablc explanalion for its role in disease suscepli
b i l i t y .  

' l h is  requ i res  convergcnce o f  rnu l t ip le  sources  o f
biological eviclence, srtpported by statisti.al issocialion.
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