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The article reviews literature on methods for meta-analysis
of genetic linkage and assaciation studies, and summarizes
and comments on specific meta-analysis findings for psychiat-
ric disorders. The Genome Scan Meta-Analysis and Multiple
Scan Probability methods assess the evidence for linkage
across studies. Multiple Scan Probability analysis suggested
linkage of two chromosomal regions (13q and 22q) to
schizophrenia and bipolar disorder, whereas Genome Scan
Meta-Analysis on a larger sample identified at least 10 schizo-
phrenia linkage regions, but none for bipolar disorder. Meta-
analyses of pooled ORs support association of schizophrenia
to the Ser3| | Cys polymorphism in DRD2 and the T102C
polymorphism in HTR2A, and of attention deficit hyperactiv-
ity disorder to the 48-bp repeat in DRD4, The 5-HTTLPR
polymorphism in the serotonin transporter gene (SLC6A4)
may contribute to the risk of bipolar disorder, suicidal behav-
ior, and neuroticism, but association to the lifetime risk of
major depression has not been shown. Meta-analyses sup-
part linkage of schizophrenia to regions where replicable
associations to candidate genes have been identified through
positional cloning methads. There are additional supported
regions where susceptibility genes are 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 actions. 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 account, and biological strategies for
testing etiologic hypotheses.

Introduction

Meta-analysis refers to a set of statistical methods to com-
bine data from different datasets. Meta-analysis has
become important in psychiatric genetics because of
rapid increases in the number and size of datasets. When
modern molecular genetic studies first were initiated

approximately 15 years ago, sample sizes typically were
less than 100 famiiies for linkage studies, or up to a few
hundred cases for association studies, Studies have
become larger (500 to 1000 families, or thousands of
cases and control subjects, with denser marker maps),
because genotyping is cheaper and faster, linkage analysis
software (using more powerful hardware) is faster and
more robust, and multicenter strategies have evolved for
recruiting larger samples. Meta-analytic methods are use-
ful to extract more information from older studies and to
corbine them with newer, larger studies.

Numerous possible sources of bias should be consid-
ered when reading meta-analyses [1#]. Some investigators
decide to combine datasets without regard to previous
findings and others do so because of their positive results.
Publication bias (failure to publish negative results) can
produce spuriously positive meta-analysis results. Neither
the reader nor the analyst knows for sure whether some of
the studies had high genotyping error rates. Usually, these
errors produce false negative results, but an error-prone
assay also could produce false positive “association.” Diag-
noses are never completely comparable across studies.
“Narrow” {severe) categories (schizophrenia, bipolar I} are
most reliable across sites [2,3|, but there often is variation
across studies in interviewing styles, collection of collateral
data, and subjective weighting of clinical features in assign-
ing diagnoses. Therefore, combining datasets will produce
a different range of clinical features than that found in any
one study. Fortunately, for each major psychiatric disorder
there is a spectrum of genetically-related phenotypes, so
that {for example) there is likely to be a genetic relation-
ship between cases that “just make” a diagnosis of schizo-
phrenia at one center but “just miss” at another. Lastly,
evely meta-analyst must make a set of decisions about
which hypotheses to test and which studies to include.
Therefore, the availability of more than one meta-analysis
of the same hypothesis at a similar point in time can be
more instructive than a single analysis, because each analy-
sis sheds light on the strengths and limitations of the other.

Genetic linkage

Genetic linkage analysis tests whether there is correlation
between diagnosis and inheritance of DNA marker alleles
within families with two or more ill relatives (other than
parent-child pairs). Linkage to continuous trait measure-
ments also can be studied. There now are many genome
scan studies of markers on all chromosomes. The failure of
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early psychiatric genetic studies 1o find consistently replica-
ble, significant linkage suggests an etiologic role for the
combined actions of multiple genes of smaller effect rather
than “major locus” effects. Mela-analysis can facilitate the
search for (hese genes by increasing sample size. However,
like any linkage analysis of a complex disorder, meta-anal-
ysis can provide support for linkage, but can never disprove
that there could be undetected linkage (very weak, or
strong, but only in a small minority of families). An inter-
esting meta-analytic study looked at linkage studies of dif-
ferent complex disorders, and found that highly significant
linkage was more likely 1o be observed when more families
were studied, and when they were drawn from a reason-
able homogeneous population ethnically {4e].

Methods

Il genotypes are available for each sample, the families can
be combined into a single linkage analysis, although it
may be wise to apply statistical methods to determine
whether results differ across sites 15,6]. Two formal meta-
analysis methods have been applied to psychiatric data.
One is multiple scan probability (MSP?) [7#], which uses a
variation of Lisher's method {8] to combine probability
values from different scans while correcting for the genetic
distance between peaks in different studies. The second
method, genome scan meta-analysis {GSMA) [9,10¢], has
been more widely applied [11-17]. GSMA is a rank-
ordered method that starts by dividing the genome into
segments {120 “bins” of ~ 30 centiMorgans). For each
scan, each bin is assigned the best linkage score observed
within that segment, and these scores are used o rank each
bin. The ranks can be weighted for sample size. For each
hin, the ranks are summed across studies. Probability val-
ues can be determined for unweighted tanks from a theo-
reticai distribution, or for weighted ranks by permutation
test, with Bonferroni's correction to determine genoine-
wide significance. A simulation study also showed that,
when there are many “linked” bins, they tend to have prob-
ability values less than 0.05 (without correction) for the
summed/averaged 1anks (Paygrnk). and for a statistic (Pg4)
which determines whether (for example) the summed rank
of the fifth-place bin is higher than expected by chance for
fifth-place bins |10]. When sets of genome scans were sim-
ulated with no linkage present, less than 5% of GSMAs
detected five or more hins with both probability values less
than 0.05, but this threshold was frequently exceeded
when linkage was simulated in multiple bins. True linkage
also more often produced significant results in adjacent
bins. This threshold often was met even when the genetic
effect was 100 weak to produce a significant linkage score,
Therefore, GSMA may be more sensitive to weak linkage,
although at the expense of poor localization.

Results
Several collaborations have combined samples for linkage
analyses of candidate regions (chromosomal regions that

had produced positive resulis in a reported study, but not
in all samples). For example, two collaborative studies
{using partially ovetlapping samples) provided early sup-
port for the linkage to schizophrenia on chromosome 6p
[18,19], and the second of these provided stronger support
for linkage of schizophrenia to chromosome 8p [19]. A
multicenter study also supported linkage on chromosome
6q |20]. A combined analysis of bipolar disorder in nine
extended pedigrees from three studies failed to find a com-
mon location for the linkage peaks that had been observed
in these studies |21].

(Cienome scan meta-analyses [22e¢,23¢] and MST |24+|
analyses have been published for schizophrenia and bipo-
lar disorder (see Tables 1 and 2 for a summary of the
GSMA results). The MSI* analysis also combined the bipo-
lar and schizophrenia scans, because it has been hypothe-
sized that some loci predispose to both disorders [25]. The
samples used for the GSMA studies are described in Tables
1 and 2. The MSP analyses used 18 schizophrenia genome
scan datasets {681 pedigrees, 1929 patients with schizo-
phrenia or schizoaffective disorder), 11 bipolar datasets
(353 pedigrees, 1228 patients with bipolar I or 1l disorder,
corresponding to the Intermediate model of the GSMA
shown in Table 2), and both sets of scans combined. There-
fore, the MSP analysis considered a smaller number of
families in each diagnostic category, drawn only from pub-
lished data, whereas the GSMAs added data provided by
investigators. The results also were different. For schizo-
phrenia, both methods produced positive results for the
same regions of chromosomes 8p and 22q. However, the
MSP analysis detected significant linkage on chromosome
13g and 22q for both disorders, and for the two disorders
combined, whereas the GSMA studies did not detect link-
age on 13q for either disorder, nor for 22q for bipolar dis-
order, Therefore, the MSI” analysis concluded that there is a
genetic relationship between these two disorders, whereas
the GSMA of a larger dataset does not support that conclu-
sion. Because the MSI? sample was not a simple subset of
the GSMA samiple, the results cannot be directly compared,
but it is likely that the main factor responsible for the dif-
fering results was the differences in the datasets, given that
R. Segurado reported on a GSMA of published data compa-
rable to that used in the MSP, with similar conclusions
(oral presentation, World Congress on Psychiatric Genet-
ics, St. Louis, October, 2001).

The results of the schizophrenia GSMA are highly
encouraging. There were 12 bins in 10 chromosomal
regions with Payeppk and Pory less than 0.05. This would
be extremely rare in the absence of linkage in many of
these bins [ 10e]. There were additional regions with ;4
tess than 0.05, and simulation data suggest that some of
these will ultimately prove to contain linked loci. These
linkage regions include the locations of several genes for
which association evidence has now been reported in
several samples each, and which were originally identi-
fied through systematic association studies of dense
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Table I. Genormne scan meta-analysis of 20 schizophrenia genome scans [| 1,27]

Chromosome Bin Begin-end cM Cytogenetic loc P avgRnk Pocd Both<0.05
[ 6 142.2-170.8 1p13.3-q233 * * ¥
[ 7 170.8-201.6 1923.3-q31.1 t *

2 5 101.6~128.4 2p12-q22.1 § # i
2 6 128.4-154.5 2q22.1—q23.3 * * T
3 2 32.4-63.1 3p25.3-p22.1 * * f
5 5 131.5-164.2 5q23.2-q34 i * i
6 I 0-326 6pter—p22.3 * * T
6 2 32.6-65.1 6p22.3-p21.1 o * T
6 4 99.0-131.1 6q15-q23.2 ¥ *

8 2 27.4-550 8p22—p21.1 * * t
10 I 0-29.2 10pter—pl4 ¥ *

1 5 99.0-123.0 11q22.3—q24.1 # * 1
14 [ 0-40. | | 4pter—q|3.| o * 1
15 3 52.3-8556 15q21.3-q26.! ¥ *

16 2 32.1-67.6 l6pt3—ql2.2 i *

17 3 63.6-94.0 17921.33q24.3 * *

18 4 96.5-126.0 18q22. 1—qter ¥ *

20 2 21.2-475 20p12.3-pl | * * t
22 I 0-338 22pter—q12.3 * * t

*Uncorrected Pavghi ©F Porg <0.05

iBoth P-values were <0.05

HUncorrected PaveRak OF Porg <0.10

8p-value was signiticant after correcting far 120 tests

given average weighted rank by chance considering the order of the bins.

Ppvgrric—P-value for the average weighted rank achieved by that bin across studies, obtained by a permutation test; P, —probability of observing a

Table 2. Genome scan meta-analysis of |8 bipolar disorder genome scans [28]

Diagnostic model

Chromosome Bin Begin-end cM Cytogenetic loc BP-/SAB +BP-II +MDDR
! 4 83.07-113.69 Ip32.1—q31.1 *

2 6 128.41--154.48 2q22.1—q23.3 * ¥
7 6 122.48-148.1 | 7q34-qter t *
8 | 0-27.4 8pter—p22 *

8 6 137.92-167.9 8q24.21-qter * *
9 3 53.6-84.9 9p21.1-q21.32 * f t
10 3 62.23-91.13 10q11.21-q22.1 *

14 3 74.96-105 14q24.1-932.12 ¥ * *
17 2 25.14-63.62 17p12—q21.33 *

18 | 0-24.08 {8pter—pl | *

18 2 24.08-62.84 18pli—ql2.3 * * *
18 3 62.84-96.48 18q12.3-q22.1 t 1 *
19 4 75.41-105.0 19913.33—qeer *

*Uncorrected PAngnk or P4 <0.05
Uacorrected PacegRnk OF Porg <0.10
Both P-values were <0.05

maps of markers in linkage regions: DTNBI'1 (dyshin-
din, bin 6.1; bin 6.2 was also positive in the GSMA)
[26-28], and catechol-O-methyltransferase (COMT) in
the region of the microdeletion responsible for velo-car-
dio facial syndrome {bin 22.1) [29] {PROIDHM2 [30], in
the same region, is reported to be associated to schizo-
phrenia but this has not yet been replicated heyond the
original report). A third promising candidate gene,

NRGI (neuregulin-1, bin 8.3), was detecied by system-
atic association mapping and then replicated in addi-
tional samples [31-35]. However, the adjacent bin on
chromosome 8p (8.2) is the one implicated by most of
the linkage evidence. One wonders whether some of the
more common linkage regions contain more than one
susceptibility gene, and this may prove to be the case for
6p [36] and 8p [37].
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Genome scan meta-analysis supported linkage in sev-
eral other regions, including the proximal part of chromo-
some 1q, which has produced evidence for linkage in some
samples [38,39], but not others |40]. Bin 2.5 achieved the
single most significant result (a corrected genome-wide sig-
nificant Pagpak), with Pageppy and Py;q less than 0.05 in
bins 2.5 and 2.6. Linkage peaks in this region have varied
in location and significance levels generally have been
modest, as also has been the case for chromosome 3p,
which has never produced striking evidence for linkage in a
sample. It probably will require systematic association
mapping of these regions (o determine whether there are
one or more susceptibility genes in each of them. MSP sup-
ported schizophrenia linkage on chromosome 134, but
GSMA (using a larger dataset) did not. This region pro-
duced significant linkage results in two samples [41,42},
near the G72 gene for which there is evidence for associa-
tion 1o schizophienia and bipolar disorder [43-49]. This
pattern of results offers no simple explanation.

The bipolar disorder GSMA was more disappointing:
there was no significant result by any metric. There were far
fewer hipolar-1 families {(approximately 400} available for
this GSMA than there were schizophrenia families
(approximately 1200), so it is possible that future meta-
analyses will be more successful when newer studies are
included [50-52]. It was surprising to some investigators
that broader diagnostic models did not produce more sig-
nificant GSMA results despite the larger sample sizes.

Multiple scan probability analysis of four autism
genome scans supported linkage on chromosome 7q [7e].
Additional collaborative autism linkage data are expected
in the near future.

Genetic Association

Linkage analysis identifies a wide chromosomal region
likely to contain susceptibility gene(s). Association analy-
sis identifies a specific DNA “polymorphism” that
increases disease risk or that is close to such a sequence (a
“polymorphism” can be a single-base change, or an inser-
tion, deletion, inversion or repetition of a sequence of
hases). Linkage is a correlation between disease and
marker alleles within families, whereas association is a cor-
relation across families. In linkage analysis, most subjects
may carry the “1” marker allele in one family, and the “2”
in another. Meiotic recombination is more and more likely
to re-shuffle these relationships in succeeding generations
as the distance increases between the disease locus and the
nearest marker. Association is a correlation between an
allele and disease in the entire sample (one also can test a
haplotype or alleles at several locations on one chromo-
same). Association analysis essentially treats subjects as
members of one buge family, testing for correlations dat-
ing back thousands or millions of vears. An association can
be observed by chance (fatse positive), or if the associated
allele alters disease risk, or if it is so close to a susceptibility

polymorphism that meiotic recombination seldom sepa-
rates them, so (hat the marker allele that was next to the
“ancestral” disease mutation is still next 1o it much of the
time {linkage disequilibrium}. Numerous meta-analyses
have been reported of psychiatric association studies,
mostly for genes relevant to dopaminergic and serotoner-
gic neurotransmission.

Methods
Association can be studied with case-control and family-
hased analyses. The former tests allele, genotype, or haplo-
type frequency differences between ill individuals and con-
trol subjects {well individuals or a random population
sample). The classic, family-based (transmission disequi-
librium) analysis determines, for each case-parent trio,
whether a parent “transmits” the allele of interest to the
patient significantly more or less than the expected 50% of
the time [53]. Other family constellations can be analyzed
|54-56]. Case-control studies require careful matching of
the two groups, because allele frequencies vary in world
populations because of chance events in their reproductive
and migratory histories. Family-based analysis eliminates
this issue, but for adult diseases, it is often difficult to
recruit both parents. Meta-analyses have considered case-
control and family-based studies separately or together.
Meta-analysis requires estimating a pooled OR. If the
ratio of the two allele frequencies is 3:1 in cases and 2:1 in
control subjects, then the OR is 3/2 or 1.5. Depending on
sample size, an OR has a Cl with a 95% probability of
including the population’s true OR. I this CI includes 1.0,
then the groups do not differ (P>0.05). One cannot com-
pute an OR from frequencies sumrned across studies. This
would be comparing apples {cases from one population)
with oranges (a large control group from a second popula-
tion with different allele frequencies). ORs are statistically
combined using either fixed effects meta-analysis (ORs are
pooled in a way that assumes a uniform underlying effect
across studies) or random effects meta-analysis which
assumes some variability across populations and usually
results in a wider Cl {more conservative test} [57,58].
Random effects meta-analysis generally is preferred, but
the two methods produce similar results [59ee]. Well-con-
ducted meta-analyses select studies based on clear criteria
and an exhaustive search of English and non-English jour-
nals, with resolution of sample overlap in different reports.
Ideally, there should be statistical tests of heterogeneity
among samples (subgroups of samples with different
genetic effects), of sensitivity (the etfect of dropping each
study in turn), and of publication bias {whether negative
studies seem to be missing from the literature) - smalter
studies produce a wide range of ORs above and below the
pooled result, and one can test whether this range is trun-
cated (absence of the expected less significant ORs)
[60,61]. The sensitivity of this test to small biases is
unclear. Therefore, Cls that barely exclude 1.0 must be
regarded with caution. Multiple testing can be a problem if
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several effects are tested (alleles, genotypes, phenotypes) -
and 5% of meta-analyses will be

-

“significant” by chance.
Lastly, the current author advocates contacting authors
when necessary to inquire about sample overlap and to
obtain unpublished details to permit comparison with
other studies. This produces larger and more accurate
meta-analyses.

Results

Meta-analysis has supported significant association of four
polymorphisms to schizophrenia, one to certain clinical
features related to mood and anxiety disorders, and one to
attention deficit disorder {Table 3) |62-73|. The many
negative meta-analyses will not be reviewed here (details
available from the author on request}, nor will pharmaco-
genomic studies be considered.

Por schizophrenia, genes related to dopaminergic neu-
rotransinission have been most widely studied, particularly
DRD2, DRD3 and DRD4 which encede receptors in the
N2-like receptor tamily (inhibitory effect on cyclic-AMYP
production and high affinity for antipsychotic drugs) {74].
In DRD2 {chromosome 114g23), a Ser311Cys amino aad
change {T-to-G substitution) lowers the receptor’s DA
affinity [75,76]. Two recent meta-analyses found signifi-
cant association of schizophrenia to the G/Cys variant.
Fach of the two available recent meta-analyses [62,63] has
some flaws (undetected sample overlap [62] or omitted
studies [63], details available on request), but the consis-
tency in the results suggests a likely significant association.
In DRI23 (3q13), an A-to-G substitution produces a
Ser9Gly amino acid change {77]. Recent meta-analyses of
the many studies of this polymorphism produced contra-
dictory conclusions. Separate meta-analyses of case-control
and family-based studies found no significant association
for alleles, genotypes or homoxygosily [64,65]. A meta-
analysis that combined the two types of studies {omitting
the first positive report) found a modest, signiticant associ-
ation for the 1-1 genotype, but also significant publication
hias (P=0.04), and several studies seem to have been omit-
ted from that analysis [59]. Although a very modest associ-
ation is possible, it has not been convincingly established.
In DRD4 (11p15]}, an analysis of only three studies [66]
found modestly significant association between schizo-
phrenia and a ~ 521C/ [ variant in the promoter region that
inflitences transcription [78]. This finding requires addi-
tional study. Lastly, in 1fIR2A (13¢14) (lype 2A serotonin
receptor), the C allele of an anonymous T102C substitu-
tion |79] in the 3°-UTR region is apparently assoctated with
schizophrenia [67].

The possible association of schizophrenia to COMT
(22q11) is unclear. Meta-analyses [59,80] found no assodi-
ation to the well-known Val158/108Met functional poly-
morphism |81] Subsequently, Shifman et al. [29] reported
very weak association of the G allele (’=0.024} in a large
sample, but addition of these data to previous studies does
not produce a significant result by random effects meta-

analysis (unpublished analysis by the present author,
results available on request}. However, Shifman et al. |29]
reported much stronger association (P<0.001 and
1'<0.0001) for two other COMT single nucleotide polymor-
phisms (SNPs), and another study [82] suggests that the
association could be with either COMT or an adjacent
gene, ARVCE This region deserves more comprehensive
study 1n larger samples.

For mood disorders, the only significant meta-analy-
ses have been for the 44-bp insertion/deletion (5-
HTTLPR) in the promoter region of SLC6A4 {17q11), the
gene encoding the serotonin transporter {re-uptake site)
which is a target of antidepressant drugs. The “short”
allele reduces transcription and functional activity [83].
The larger |68] (but not the smaller [69]) of two recent
meta-analyses of case-control data found a significant
association between the short allele and bipolar disorder;
neither analysis found an association with major depres-
sion. The short allele was found to be associated with sui-
cidal behavior and ideation only in the smaller [71] of
two recent meta-analyses, but this was not observed in the
larger meta-analysis [70], which found an excess of S8+SL
genotypes for suicidal versus non-suicidal patients {but in
alcoholic and not mood disorder patients), and for those
with violent suicidal behavior versus control subjects or
versus patients with non-violent suicidal behavior. Short
allele carriers have been reported (o have an increased risk
of major depression onsets after life stress [84], an effect
that was recently replicated (Wilhelm et al., poster piesen-
tation at the World Congress of Psychiatric Genetics,
Dublin, October, 2004), but not an increased overall risk
of major depression. Thus 5-HITLPR could be more
clogely related to emotional reactivity, or to personality
characteristics relevant to reactivity and depression, as
suggested by a large meta-analysis that found a trend
toward association of 5-HTTLPR genotypes and neuroti-
cism, harm avoidance, or related personality traits, with a
small {0.106 SD} but highly significant effect of the §/8
genotype in the subset of studies using the NEO inven-
101y 1o measure neuroticism |72}

Lastly, a meta-analysis found an association of the
DRD4 48-bp repeat polymorphism and attention deficit
hyperactivity disorder in family-based analyses, and in a
subset of studies that also carried out case-control analyses
(in cases overlapping with the family samples) [73].

Discussion

Modern meta-analysis methods can derive valuable infor-
mation from large numbers of psychiatric genetic linkage
and association studies. These methods do have limita-
tions. For example, they depend on the quality of each
study. 'The analyst cannoet know whether some of the
apparently eligible studies are introducing undetected
sources of error or other variation, Fach meta-analysis also
involves decisions about whether to test one hypothesis to



Meta-analysis in Psychiatric Genetics » Levinson 149

preserve power, or multiple hypotheses (genetic effects,
diagnostic models, ethnic subgroups, pedigree types, meth-
odological differences) with more chances to detect effects,
but with possible loss of power. A meta-analysis of all data
cannot be replicated in a second sample. Despite these lim-
itations, the results summarized above show that signifi-
cant effects can be ohserved, thereby providing guidance (o
investigators prioritizing future studies.

The positional cltoning strategy has achieved dramatic
successes tn the study of schizophrenia: numerous linkage
regions have shown some consistency of results across
studies, and highly plausible candidate genes have been
identified in some of these regions with association map-
ping (“linkage disequilibrium” mapping)— genotyping
very dense maps of DNA markers (separated by thousands
of base pairs rather than millions or tens of millions in
linkage studies} across a region to determine in which
genes there might be evidence of association 1o disease.

The reader will note the absence of meta-analyses of
these “new schizophrenia genes.” The findings in these
genes are not single associated polymorphisims, but rather
various haplotypes of SNPs or other markers that seem (o
be associated in different samples {although a single asso-
ciated NRG1 haplotype was seen in two samples [36,37]).
I such cases, there is no single hypothesis for a meta-anat-
ysis. Only in the past few years has it been feasible to plan
studies in which large numbers of SNPs are tested in each
gene of interest. Someday it may be possible to swudy
nearly all polymorphic sites in a candidate gene and to
analyze their effects jointly, permitting each study to test
the hypothesis of “association in this gene [85,86,87¢].
Anyone who has attempted a gene-based analysis in a rea-
sonably long gene can confirm that the power of these
methods is not yet clear, but it seems likely that as they
evolve, they could provide a basis for meta-analyses.

No psychiatric disorder candidate gene has yet been
studied sufficiently comprehensively in enough subjects to
arrive at definitive conclusions about the genetic mecha-
nisms by which sequence variation is contributing te
pathology. The ultimate test of a hypothesis of genetic asso-
ciation is biological, not statistical. The actions and interac-
tions of a gene and the effects of sequence variation in the
gene must be sufficiently well understood to provide a plau-
sible and testable explanation for its role in disease suscepti-
bility. This requires convergence of multiple sources of
biological evidence, supported by statistical association.
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