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Objective: Although genetic factors have
been implicated in the etiology of bipolar
disorder, no specific gene has been
conclusively identified. Given the link be-
tween abnormalities in serotonergic neu-
rotransmission and bipolar disorder, a
candidate gene association approach was
applied to study the involvement of the
monoamine oxidase A (MAOA) gene,
which codes for a catabolic enzyme of se-
rotonin, in the susceptibility to bipolar
disorder.

Method: In France and Switzerland, 272
patients with bipolar disorder and 122
healthy subjects were typed for three
polymorphic markers of the MAOA gene:
the MAOA-CA repeat, the MAOA restriction
fragment length polymorphism (RFLP),
and a repeat directly adjacent to the vari-
able number of tandem repeats (VNTR)
locus.

Results: A significant difference in the
distribution of the alleles for the MAOA-CA
repeat was observed between the female
bipolar patients and comparison group.

Conclusions: The results obtained in the
French and Swiss population confirm
findings from two studies conducted in
the United Kingdom.

(Am J Psychiatry 2000; 157:948-955)

B ipolar disorder is a psychiatric condition with a life-
time prevalence of approximately 1.2% (bipolar I and bi-
polar II subtypes combined) of the population of industri-
alized nations (1, p. 161). The course of this disorder is
frequently poor, with a risk of chronicity of more than 20%
(2) and a higher than average risk of suicide (1, p. 228). The
familial aggregation of bipolar disorder is well established
(3-5); both adoption (6, 7) and twin (8) studies show that a
substantial proportion of the variance in the etiology of bi-
polar disorder may be attributed to genetic factors.

In the last two decades, rapid advancement in molecu-
lar genetic techniques and more accurate phenotype as-
sessment have increased the chances of finding a relation-
ship between psychiatric disorders (i.e., phenotypes) and
DNA polymorphisms. Consequently, investigators in a se-
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ries of genetic studies have tried to establish linkage be-
tween bipolar disorder and markers on all chromosomes.

One candidate gene on the X chromosome that is of
particular interest for bipolar disorder is the gene for
monoamine oxidase A (MAOA), since this MAO isozyme
plays an important role in the degradation of the neu-
rotransmitters norepinephrine, epinephrine, dopamine,
and serotonin. In fact, several studies have demonstrated
abnormalities in serotonergic neurotransmission in
mood disorders. The concentration of the major seroto-
nin metabolite, 5-hydroxyindoleacetic acid, was found to
be low in the CSF of a subgroup of unipolar depressed pa-
tients who had attempted suicide by violent means (9).
Moreover, lower than normal binding of [*H]imipramine
or [*H]paroxetine to brain serotonin uptake sites has been
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observed in depressive patients (10, 11) and patients with
bipolar disorder (12).

Several studies have focused on the MAOA gene (MAOA)
that has been mapped to Xp11.12-Xp11.4 on the short arm
of the X chromosome (13, 14). In 1993, Brunner and col-
leagues (15) reported evidence of disturbed monoamine
metabolism and an X-linked borderline mental retarda-
tion with a behavioral phenotype that resembled a manic
syndrome. The authors established linkage between the
phenotype and a nonsense mutation in MAOA (16). Stud-
ies of the association between bipolar disorder and
MAOA have mainly focused on three markers in this
gene: 1) a dinucleotide repeat polymorphism referred to
as MAOA-CA (17), 2) a dinucleotide repeat directly adja-
cent to the imperfectly duplicated 23-base-pair variable
number of tandem repeats (VNTR) motif (18), and 3) a re-
striction fragment length polymorphism (RFLP) result-
ing from single-base-pair substitution in the third base of
a triplet codon (19).

The findings of the available association studies involv-
ing these markers are contradictory. In a study sample in
the United Kingdom, Lim and colleagues (20) found an as-
sociation between bipolar disorder and alleles of the three
MAOA markers among the overall sample and among fe-
male patients. Within the MAOA-CA repeat polymor-
phism, the major difference in the allelic distribution was
found for the a2 allele (less frequent in bipolar subjects
than in healthy subjects) and the a5 allele (more frequent
in bipolar subjects). In another study conducted in the
United Kingdom, Rubinsztein and colleagues (21) repli-
cated the different allelic distribution on the MAOA-CA
but not the RFLP locus when male and female subjects
were pooled. A significant association between bipolar
disorder and MAOA-CA was also observed in a Japanese
sample (22). However, the alleles overrepresented in those
bipolar subjects were different from those in the study by
Lim and colleagues (20).

These positive findings were not replicated by Craddock
and colleagues (23) in another British sample, N6then and
colleagues (24) in a German sample, and Parsian and Todd
(25) in a sample of non-Hispanic whites in the United
States.

In order to resolve discrepancies between the British as-
sociation studies of MAOA, Rubinsztein and colleagues
(21) pooled the subjects of the three U.K. studies in a
meta-analysis and found a significant difference between
allele frequencies of the patient and comparison groups at
the MAOA-CA locus and the RFLP locus for the overall
sample and for the female, but not male, subjects.

As differences across studies may be attributable to ei-
ther undetected population stratification (24, 25) or real
genetic differences between study populations (26), repli-
cation studies with different populations are crucial. Con-
sequently, we attempted to replicate the association be-
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TABLE 1. Characteristics of Patients With Bipolar Disorder
and Healthy Comparison Subjects Studied for Association
Between Bipolar Disorder and Markers of the Monoamine
Oxidase A Gene (MAOA)

Patients Comparison Subjects
Characteristic (N=272) (N=122)
Age (years)
Mean 45 44
SD 14 8
Sex
Men
Number 116 70
Percent 43 57
Women
Number 156 52
Percent 57 43
Number of subjects typed
for MAOA markers?
MAOA-CA repeat
Men 115 70
Women 155 52
MAOA-VNTR
Men 114 70
Women 151 52
MAOA-RFLP
Men 113 69
Women 149 52

A VNTR, variable number of tandem repeats. RFLP, restriction frag-
ment length polymorphism.

tween bipolar disorder and MAOA in French and Swiss
populations, using a larger sample than those included in
previous studies.

Method

Patient and Comparison Groups

The study sample consisted of 272 bipolar inpatients and out-
patients (bipolar I, N=207; bipolar II, N=65) and 122 healthy sub-
jects. The four patient recruitment sites were the Pitié-Salpétriere
and the Bicétre hospitals in Paris and the adult psychiatric de-
partments of the Universities of Lausanne and Geneva in Switzer-
land. The maternal and paternal grandparents of all subjects were
required to be Caucasians originating from western European
countries. The subjects in the comparison group were persons
without a history of major psychiatric disorders who were re-
cruited from blood donors at the Pitié-Salpétriere hospital and
from orthopedic patients at the two Swiss recruitment sites. In
addition, the blood donors in Paris were required to be 1) older
than 35 years and 2) without a family history of mood disorders or
suicide. The patient and comparison groups did not differ by
mean age but did differ by gender: women predominated in the
patient group, while men predominated in the comparison
group. A description of the study sample is provided in Table 1.

All subjects were assessed by means of the semistructured Di-
agnostic Interview for Genetic Studies developed by the National
Institute of Mental Health (27) and translated into French (28).
The English version has demonstrated high interrater and test-re-
test reliability for the major DSM-1V axis I disorders (27). Similar
psychometric properties have also been found for the French ver-
sion, tested in Lausanne (29). Information on the family history of
the comparison group in Paris was obtained by using the Family
Interview for Genetic Studies (30).

After a complete description of the study was provided, written
informed consent was obtained from the subjects.
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Laboratory Methods

Genomic DNA was extracted from white blood cells after cen-
trifugation of 15 ml of edetic acid blood samples.

For polymerase chain reaction (PCR), 100 ng of genomic DNA
was amplified by means of a thermocycler. PCR was performed in
a 50-ml volume containing 20 pmol of different primers, 1.5 or 1.0
mM MgClp, 200 nM deoxyribonucleotide triphosphate (ANTP),
and 2 U of Taq polymerase.

For determination of MAOA-CA, 8 ml of PCR products was de-
posited on a 1.5-mm-thick 12% acrylamide gel. Electrophoresis
was run for 7 hours at 250 V. The gels were stained with ethidium
bromide and visualized under ultraviolet light. After having
tested several alternatives, we chose this method (use of denatur-
ing 5% acrylamide gel and labeled PCR products, hybridization of
membrane with MAOA probe after gel transfer).

For MAOA-VNTR, 5 ml of PCR products was denatured by heat-
ing it at 95°C for 3 minutes and running it on denaturing 5% acry-
lamide gel. Electrophoresis was done at 55 W for 3% hours; the la-
beled M13 sequence was the size marker of different PCR
products. After fixation in a 10% ethanol and acetic acid bath, the
gel was dried and exposed overnight.

For determination of MAOA-RFLP, 8 pl of PCR products was di-
gested overnight with 5 U of endonuclease Fnu4HI in appropriate
buffer. The digested samples were run on a 2% agarose gel, stained
by ethidium bromide, and visualized under ultraviolet light.

Statistical Analysis

As some alleles of the MAOA-CA (12 alleles) are rare, all chi-
square probability distributions of the alleles of this marker were
estimated by using the program CLUMB, version 1.1 (10,000 sim-
ulations) (31). This method is based on Monte Carlo simulation
and estimates the significance level of the observed difference in
allelic distribution between case and comparison groups when
the traditional chi-square test is not applicable in large contin-
gency tables with expected cell counts smaller than 5.

In accordance with the methods of Lim and colleagues (20)
and Craddock and colleagues (23), alleles at the MAOA-VNTR
marker were first divided into five subgroups (V1 to V5). As we
had no V1 or V2 and very few V5 alleles, the VNTR alleles were di-
chotomized into short (V4 and V5) and long (V3) alleles. Analyses
of the distributions of the collapsed MAOA-VNTR alleles and the
MAOA-RFLP alleles (only two) were performed by using chi-
square statistics or Fisher’s exact tests for two-by-two tables
when necessary.

Several comparisons were made to ensure the appropriateness
of data pooling across bipolar subtypes and recruitment sites. As
we did not find any significant differences in the allelic distribution
of any of the three markers between bipolar I and bipolar II disor-
der, the two bipolar subtypes were combined in further analyses.
Similarly, there was no evidence of genetic heterogeneity between
the recruitment sites in Switzerland and France for either the pa-
tients or healthy subjects, therefore suggesting that combining
data across sites was also appropriate. Finally, neither the patients
nor healthy subjects demonstrated sex differences in allelic fre-
quencies at the three marker loci. For this reason, the results of the
comparison of allelic distributions in the patients and healthy sub-
jects are presented for each gender and the overall sample. As the
analysis comparing allelic distributions in the patients and healthy
subjects included the independent testing of three markers by gen-
der (six comparisons), the significance level was adjusted by using
Bonferroni correction (significant p<0.05/6=0.0083).

In order to resolve discrepancies across studies, we also tested
whether the data of the three British studies (20, 21, 23), the
American study (25), and our study could be combined. All these
studies included only Caucasians in the patient and comparison
groups. The methodological features of these studies are pro-
vided in Table 2. The testing of genetic heterogeneity included
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pairwise comparisons of the distributions of the MAOA-CA alleles
in the five studies by means of the program CLUMP, version 1.1
(10,000 simulations) (31). As 40 pairwise comparisons were
needed to compare the patient and comparison groups in the five
studies by gender, the significance level was adjusted by using
Bonferroni correction (significant p<0.05/40=0.00125). Alterna-
tively, we tested for genetic heterogeneity according to the
method used by Rubinsztein and colleagues (21), whereby they
subdivided the MAOA-CA alleles into four categories: a2, a5, a6,
and “rare alleles.” With respect to the VNTR (collapsed into long
and short alleles) and RFLP alleles, genetic heterogeneity was
tested by using chi-square statistics for contingency tables. These
tests for genetic heterogeneity were performed separately for the
patient and comparison groups by gender (12 comparisons; sig-
nificant p<0.05/12=0.0042).

The Japanese data (22) were excluded from the meta-analysis
because 1) they revealed a different pattern of allelic association
with bipolar affective disorder at the MAOA locus and 2) the allele
distributions were not reported by gender. The German study (24)
could not be included in the meta-analysis because of the appli-
cation of the haplotype relative risk method, i.e., the comparison
groups were family based.

Results

Association Study

The most frequent genotypes of the MAOA-CA (i.e., 2-5,
2-6, 3-6, 5-6, and 6-6), the MAOA-VNTR (divided into long
and short alleles), and the MAOA-RFLP (two alleles) mark-
ers were in Hardy-Weinberg equilibrium in both the pa-
tients (x?=1.13, df=4, p=0.88; x2=0.09, df=2, p=0.96; x?=
1.74, df=2, p=0.42, respectively) and comparison group
(x?=0.45, df=4, p=0.98; x?=0.04, df=2, p=0.98; x?=0.04, df=2,
p=0.98, respectively).

The results of bivariate analyses comparing the allelic dis-
tributions in the patient and comparison groups are pre-
sented in Table 3. A significant difference in the allelic distri-
bution of the MAOA-CA repeat was observed in the overall
sample and in the women. These differences were mainly
attributable to a higher frequency of the a6 allele in the bipo-
lar subjects than in the healthy subjects; for the overall sam-
ple the odds ratio was 1.82 and the 99.17% confidence inter-
val (CI) was 0.99-3.34, and for the female subjects the odds
ratio was 1.82 and the 99.17% CI was 1.12-2.96.

In contrast, the allelic distributions of the collapsed
VNTR and RFLP markers did not differ between the pa-
tients and healthy subjects of either gender.

Meta-Analysis of Available Data

None of the tests of genetic heterogeneity revealed evi-
dence for significant differences across studies for any of
the three markers in any combination of sex and disease
status. Therefore, we pooled the data of the five available
studies for meta-analysis.

At the MAOA-CA locus, an association between the distri-
bution of all alleles and bipolar disorder was found in the
overall sample and in the women (Table 4). The a6 allele
(overall sample: odds ratio=1.49, 99.17% CI=1.12-1.98;
women: odds ratio=1.49, 99.17% CI=1.06-2.01) and a5 allele
(women: odds ratio=1.68, 99.17% CI=1.03-2.73) were more
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TABLE 2. Description of Five Studies Included in Meta-Analysis of Association Between Bipolar Disorder and Markers of the

Monoamine Oxidase A Gene

Exclusion Criteria

Study and Diagnostic  Diagnostic Inclusion Criterion  for Comparison  Variable(s)
Study Group Men Women  Recruitment Source Interview? System? for Patients Subjects Matched
Lim et al. (20)
Patients 15 42 Inpatients/outpa- SADS-L RDC Bipolar affective
tients of London disorder
Comparison 17 42 Attenders at a gen- None None Age, social
subjects eral hospital he- class, sex
matology clinic
Rubinsztein
etal. (21)
Patients 18 21 Inpatients/outpa- SADS-L RDC Bipolar | disorder
tients of East An-
glia
Comparison 18 21 East Anglian individ- None None Age, sex
subjects uals referred for
Huntington’s dis-
ease and spinocer-
ebellar ataxia
Craddock et
al. (23)
Patients 34 50 Outpatients in the SADS-L DSM-III-R  Bipolar disorder
West Midlands of
England and Wales
Comparison 42 42 Married-in mem- None None Socioeco-
subjects bers of families nomic
seeking nonpsychi- back-
atric care in Wales ground
Parsian and
Todd (25)
Patients 32 51 Not specified SADS-L RDC, DSM- Bipolar I or 1l dis-
I-R order with at
least one first-
degree relative
with bipolar I,
bipolar Il, or
schizoaffective
disorder
Comparison 42 40 Epidemiological DIS DSM-III-R Mood disorder, —
subjects Catchment Area alcoholism,
study schizophrenia or
other psychotic
disorder, drug
use disorder
Current study
Patients 116 156 Inpatients/outpa- Diagnostic  DSM-IV Bipolar I or Il
tients of Paris, Lau-  Interview disorder
sanne, and Geneva  for
Genetic
Studies
Comparison 70 52 Blood donors at a Diagnostic  DSM-IV Mood disorder, Age
subjects hospital in Paris, Interview alcoholism,

orthopedic inpa- for
tients and outpa-
tients in Lausanne
and Geneva

Genetic
Studies

schizophrenia or
other psychotic
disorder, drug
use disorder

2 The diagnostic interviews used were the Schedule for Affective Disorders and Schizophrenia—Lifetime Version (SADS-L) (32), National Insti-
tute of Mental Health Diagnostic Interview Schedule (DIS) (33), Diagnostic Interview for Genetic Studies (27, 28), Research Diagnostic Criteria

(RDC) (34), DSM-III-R, and DSM-IV.

frequent among the bipolar patients than among the
healthy subjects, whereas the a2 allele was less frequent
among the patients (overall sample: odds ratio=0.63, 99.17%
CI=0.42-0.94; women: odds ratio=0.61, 99.17% CI=0.38—
0.97). However, among the men, alleles at the MAOA-CA lo-
cus were not significantly associated with bipolar disorder.
Pooled analysis also revealed an association between
the r1 allele of the MAOA-RFLP marker and bipolar dis-
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order in the overall sample (odds ratio=1.45, 99.17% CI=
1.01-2.08), whereas no association was found at the
MAOA-VNTR locus.

Discussion

Previous research has produced conflicting results re-
garding the association between three MAOA markers and
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TABLE 3. Distribution of Alleles of Three Markers of the Monoamine Oxidase A Gene (MAOA) in 272 Patients With Bipolar

Disorder and 122 Healthy Comparison Subjects

Men Women Total
Comparison Comparison Comparison
Patients Subjects Patients Subjects Patients Subjects
MAOA Marker? Number Number Number Number Number Number
and Allele of Alleles % of Alleles % of Alleles % of Alleles % of Alleles % of Alleles %
MAOA-CAP
a-1 1 0.9 0 0.0 1 0.3 0 0.0 2 0.5 0 0.0
a0 10 8.7 3 4.3 9 29 4 3.8 19 4.5 7 4.0
al 4 3.5 1 1.4 3 1.0 2 1.9 7 1.6 3 1.7
a2e¢ 13 11.3 13 18.6 32 10.3 15 14.4 45 10.6 28 16.1
a3 4 3.5 4 5.7 6 1.9 10 9.6 10 2.4 14 8.0
a4 2 1.7 0 0.0 3 1.0 4 3.8 5 1.2 4 2.3
asd 17 14.8 12 17.1 67 21.6 20 19.2 84 19.8 32 18.4
a6t 56 48.7 25 35.7 168 54.2 41 394 224 52.7 66 37.9
a7 8 7.0 6 8.6 18 5.8 7 6.7 26 6.1 13 7.5
a8 0 0.0 4 5.7 1 0.3 0 0.0 1 0.2 4 2.3
a9 0 0.0 1 1.4 2 0.6 1 1.0 2 0.5 2 1.1
alo0 0 0.0 1 1.4 0 0.0 0 0.0 0 0.0 1 0.6
MAOA-VNTRf
V1-V3 (long) 81 711 48 68.6 227 75.2 78 75.0 308 74.0 126 72.4
V4-V5 (short) 33 28.9 22 31.4 75 24.8 26 25.0 108 26.0 48 27.6
MAOA-RFLP8
r 82 72.6 47 68.1 222 74.5 73 70.2 304 74.0 120 69.4
r2 31 27.4 22 31.9 76 25.5 31 29.8 107 26.0 53 30.6

4 VNTR, variable number of tandem repeats. RFLP, restriction fragment length polymorphism.

b Significant difference between patients and healthy subjects for total study group (x2=30.60, df=11, p=0.001; exact p value according to
Monte Carlo simulation estimate [31]: p=0.0005) and women (x?=22.13, df=10, p=0.01; exact p value according to Monte Carlo simulation
estimate [31]: p=0.003) but not for men (x2=17.68, df=11, p=0.09; exact p value=0.057).

¢ Although significant differences between patients and healthy subjects were reported by Lim et al. (20), no significant difference was found
in this study for total study group (x2=3.49, df=1, p=0.06), men (x°=1.90, df=1, p=0.17), or women (x?=1.39, df=1, p=0.25).

d Although significant differences between patients and healthy subjects were reported by Lim et al. (20), no significant difference was found
in this study for total study group (x2=0.15, df=1, p=0.70), men (x°=0.18, df=1, p=0.67), or women (x?=0.27, df=1, p=0.61).

€ Significant difference between patients and healthy subjects for total study group (x2=10.79, df=1, p=0.001) and women (x%*=6.80, df=1, p=

0.009) but not men (x2=2.98, df=1, p=0.08).

f No significant difference between patients and healthy subjects for total study group (x2=0.17, df=1, p=0.68), men (x2=0.13, df=1, p=0.72),

and women (x2=0.00, df=1, p=0.97).

8 No significant difference between patients and healthy subjects for total study group (x?=1.30, df=1, p=0.26), men (x>=0.41, df=1, p=0.52),

and women (x2=0.73, df=1, p=0.39).

bipolar disorder. In order to examine whether the associa-
tions could be further replicated in western European
populations, we conducted what we believe to be the first
replication study in French and Swiss populations. By col-
lecting a sample approximately the size of the combined
previous U.K. and U.S. studies, we hoped to minimize the
risk of type II error.

Partial Replication in French-Swiss Data

In our sample of 272 bipolar patients and 122 screened
healthy subjects, we replicated the finding of an associa-
tion between bipolar disorder and the MAOA-CA marker
in female subjects and the overall sample, as previously re-
ported by Lim and colleagues (20). However, in contrast to
Lim and colleagues (20), we found the a6 allele to be more
strongly associated with bipolar disorder than the a5 al-
lele. This discrepancy may be partially attributable to typ-
ing difficulties, as the distinction between the a5 and a6 al-
leles was difficult because their length differs by only two
base pairs. Regarding the MAOA-VNTR and MAOA-RFLP
markers, we did not replicate the association between
these markers and bipolar disorder reported by Lim and
colleagues (20).
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One crucial problem of association studies is the adjust-
ment of the significance level when several polymor-
phisms with multiple alleles are tested. Although we chose
the Bonferroni correction, which is usually considered as
conservative (35), there is still a risk that an observed pos-
itive finding is due to chance given the large number of
potential candidate genes (36). However, the goal of the
present study was not to detect a new association between
bipolar disorder and one of the thousands of potential
candidate genes for brain disorders, but to replicate al-
ready reported positive findings obtained in other study
populations.

Meta-Analysis of Available Data

Considering the different results obtained in the five
studies that have examined the association between MAOA
markers and bipolar disorder in Caucasians, we tested
whether the observed allelic distribution differed signifi-
cantly across populations. Analyses did not provide evi-
dence for genetic heterogeneity for any of the three mark-
ers. The absence of genetic heterogeneity is remarkable
since different diagnostic classification systems, diagnostic
interviews, and inclusion criteria (for example, bipolar I
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TABLE 4. Distribution of Alleles of Three Markers of the Monoamine Oxidase A Gene (MAOA) in Patients With Bipolar Dis-
order and Healthy Comparison Subjects in Five Studies?

Men Women Total
Comparison Comparison Comparison
Patients Subjects Patients Subjects Patients Subjects
MAOA Marker? Number Number Number Number Number Number

and Allele of Alleles % of Alleles % of Alleles % of Alleles % of Alleles % of Alleles %
MAOA-CA®
a-1 1 0.5 0 0.0 1 0.2 0 0.0 2 0.2 0 0.0
a0 11 52 11 5.8 14 2.2 13 3.3 25 2.9 24 4.1
al 9 4.2 4 2.1 8 1.3 14 3.6 17 2.0 18 3.1
a2d 24 11.3 30 15.9 78 12.2 73 18.6 102 12.0 103 17.7
a3 6 2.8 10 5.3 11 1.7 18 4.6 17 2.0 28 4.8
a4 5 23 0 0.0 15 2.4 13 3.3 20 2.4 13 2.2
as® 28 13.1 31 16.4 121 19.0 48 12.2 149 17.5 79 13.6
a6l 116 54.5 85 45.0 356 55.8 180 459 472 55.5 265 45.6
a7 13 6.1 12 6.3 28 4.4 29 7.4 41 4.8 41 7.1
a8 0 0.0 4 2.1 4 0.6 3 0.8 4 0.5 7 1.2
a9 0 0.0 1 0.5 2 0.3 1 0.3 2 0.2 2 0.3
al0 0 0.0 1 0.5 0 0.0 0 0.0 0 0.0 1 0.2
MAOA-VNTRS
V1-V3 (long) 114 73.1 75 66.4 361 76.2 173 70.3 475 75.4 248 69.1
V4-V5 (short) 42 269 38 33.6 113 23.8 73 29.7 153 24.6 111 30.9
MAOA-RFLPh
r1 136 76.8 95 70.9 391 75.5 199 67.2 527 75.8 294 68.4
r2 41 23.2 39 29.1 127 24.5 97 32.8 168 24.2 136 31.6

4 VNTR, variable number of tandem repeats. RFLP, restriction fragment length polymorphism.

b Data from Table 3 combined with results reported by Lim et al. (20), Rubinsztein et al. (21), Craddock et al. (23), and Parsian and Todd (25).

¢ Significant difference (p<0.05/6=0.0083 according to Bonferroni correction) between patients and healthy subjects for total study group (x2=
38.12, df=11, p=0.001; exact p value according to Monte Carlo simulation estimate [31]: p<0.0001) and women (x?=37.90, df=10, p=0.001;
exact p value according to Monte Carlo simulation estimate [31]: p<0.0001) but not for men (x>=19.20, df=11, p=0.06; exact p value=
0.0347).

d Significant difference (p<0.05/6=0.0083 according to Bonferroni correction) between patients and healthy subjects for total study group (x2=
9.28, df=1, p=0.002) and women (x2=7.94, df=1, p=0.005) but not for men (x2=1.83, df=1, p=0.17).

€ Significant difference (p<0.05/6=0.0083 according to Bonferroni correction) between patients and healthy subjects for women (x2=8.00, df=
1, p=0.005) but not for total study group (x2=3.95, df=1, p=0.05) or men (x2=0.85, df=1, p=0.36).

f Significant difference (p<0.05/6=0.0083 according to Bonferroni correction) between patients and healthy subjects for total study group (x2=
13.42, df=1, p=0.001) and women (x?=9.50, df=1, p=0.002) but not for men (x?=3.61, df=1, p=0.06).

& No significant difference (p<0.05/6=0.0083 according to Bonferroni correction) between patients and healthy subjects for total study group
(x2=4.64, df=1, p=0.03), men (x2=1.41, df=1, p=0.24), and women (x?=2.88, df=1, p=0.09).

h Significant difference (p<0.05/6=0.0083 according to Bonferroni correction) between patients and healthy subjects for total study group (x2=

7.48, df=1, p=0.006) but not for women (x2=6.43, df=1, p=0.01) or men (x2=1.41, df=1, p=0.24).

only versus combined bipolar I and bipolar II) were used
for the patient and comparison groups across studies.
Analysis of the combined data of the five available stud-
ies confirmed the association between the MAOA-CA
polymorphism and bipolar disorder in women and the
overall sample. The MAOA-RFLP marker was less strongly
associated with bipolar disorder. It is unlikely that the pos-
itive findings in both the British and French/Swiss studies
are merely due to chance, but their limitation is the use of
an association study approach, which cannot rule out
confounding by population stratification. However, the
similarity of results across studies reduces the risk that the
observed association is entirely explained by this artifact.
An important problem of meta-analyses is the risk that
publication bias induces a weighting of positive results,
since studies with negative data are more likely to remain
unpublished. In our analysis we were able to include two
published studies with negative findings, which suggests
that negative findings are not a major impediment for
publication in this field. As we are not aware of unpub-
lished studies or theses on the association between bipo-
lar disorder and MAOA, we cannot use them to further es-
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timate the effect of publication bias, as suggested by Glass
et al. (37). However, if the proposed statistical approach of
Hedges and Olkin (38) was adapted to our pooled data,
unpublished studies including 1,452 genes of patients and
1,452 genes of comparison subjects with identical allelic
distributions at the MAOA-CA locus (presence or absence
of the a6 allele) would be necessary to overturn the con-
clusion of our meta-analysis (if we assume significance at
p<0.0083, as used for our allelic analyses). It is unlikely
that such a large number of unpublished data exist in this
field.

Biological Context

Our finding of an association between MAOA and bipo-
lar disorder is compatible with the demonstration of ab-
normalities in serotonergic neurotransmission (9-12) and
abnormal levels of MAO activity (39-42) in mood disorders.

The MAOA-CA polymorphism was more strongly asso-
ciated with bipolar disorder than the other two MAOA
markers (MAOA-VNTR, MAOA-RFLP) according to our
meta-analysis. This suggests that either the microsatellite
or a nearby genetic variant may be functionally responsi-
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ble for the susceptibility to bipolar disorder. However, it is
unlikely that the microsatellite itself is functionally re-
sponsible for this susceptibility since it has not been
demonstrated that a dinucleotide repeat could modify
the expression of the gene into which it is inserted. The
positive relationship between RFLP and bipolar disorder
established in the meta-analysis is of particular interest
since currently it is the only marker directly associated
with MAOA activity (19). In fact, Lim and colleagues (20)
demonstrated that a smaller number of bipolar patients
than healthy subjects have an Frnu4HI site in MAOA,
which is associated with high activity, therefore suggest-
ing that bipolar patients have lower MAOA activity than
healthy subjects.

Conclusions

Our findings, based on a combined French and Swiss
sample as well as a meta-analysis, provide additional evi-
dence for the existence of an association between the
MAOA-CA polymorphism and bipolar disorder in females.
However, in order to definitely exclude undetected popu-
lation stratification as the source of the observed associa-
tion, it is necessary to conduct replication studies that use
the family association method with an “internal compari-
son group” (the haplotype relative risk method or the
transmission disequilibrium test) and complementary ap-
proaches, such as the affected sib pair strategy. In addi-
tion, further analyses should attempt to identify clinically
meaningful subtypes of bipolar disorder according to the
presence or absence of the a2 and a6 MAOA-CA alleles.

Up to this time, several markers of enzymes implicated
in the metabolism of neurotransmitters have been shown
to be associated with bipolar disorder. In order to increase
our understanding of the genetic mechanisms involved in
its pathogenesis, further association studies with simulta-
neous assessment of several markers will be necessary to
elucidate the combined effect of two and more “high-risk”
alleles.
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