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Neither single-marker nor haplotype analyses support
an association between monoamine oxidase A gene
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j Abstract Monoamine oxidase A (MAOA) abnor-
mality has been suggested as a crucial factor in the
pathogenesis of mood disorder, because MAOA is
associated with the metabolism of monoamines such
as serotonin and norepinephrine. Various MAOA
gene polymorphisms have been investigated for pos-
sible associations with bipolar disorder (BD), but the
results are controversial. Our goal was to investigate
whether MAOA gene polymorphisms, especially the
promoter uVNTR polymorphism and the EcoRV
polymorphism, are associated either with BD or with
different clinical subtypes of BD. A total of 714 Han
Chinese subjects in Taiwan (305 controls and 409 BD
patients) were recruited for study. All subjects were
interviewed with the Chinese Version of the Modified
Schedule of Affective Disorders and Schizophrenia-
Lifetime; BD was diagnosed according to DSM-IV
criteria. Genotyping for MAOA polymorphisms
was performed using PCR and restriction fragment
length polymorphism. The MAOA promoter poly-
morphisms uVNTR and EcoRV were not associated
with BD or any of its subtypes, in either the frequencies

of alleles or genotypes. In multiple logistic regression
and haplotype frequency analysis, we confirmed these
negative results in both females and males. Our
results suggest that MAOA polymorphisms do not
play a major role in pathogenesis of BD or its clinical
subtypes in Han Chinese.

j Key words MAOA gene Æ promoter uVNTR Æ
EcoRV polymorphism Æ clinical subgroup Æ bipolar
disorder

Introduction

Bipolar disorder (BD) is a severe psychiatric disorder
and often seen in primary care [11]. It causes prob-
lems in work performance, social/family interactions
[7, 33], as well as financial hardship, unemployment,
suicide, and family burden [55]. Family, twin and
adoption studies suggest that predisposition to BD
is hereditary [1, 26, 28], so genetic factors may be
crucial in development of BD.

Monoamine oxidase A (MAOA) is an important
enzyme associated with the metabolism of biogenic
amines, including serotonin, norepinephrine, and dopa-
mine [51]. The catecholamine hypothesis of mood dis-
order has been extensively investigated [3, 49]. Although
there have been inconsistent results, many studies sug-
gest that cerebrospinal fluid or plasma levels of norepi-
nephrine metabolites are increased in manic patients,
decreased in depressed patients [29], and decreased in
manic patients after lithium treatment [35, 48]. Further-
more, dopamine and serotonin metabolite levels are low
in the cerebrospinal fluid of depressed [5, 6, 17] and
suicidal patients [47], and increased in manic patients
[53]. In animal studies, serotonin and norepinephrine
concentrations are increased in brain tissue of MAOA
knock-out mice [8]. Therefore, the MAOA gene is a good
candidate gene for a study of the pathogenesis of BD.

Despite evidence for the involvement of MAOA
polymorphisms in the etiology of mood symptoms,E
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the role of the MAOA gene remains equivocal [43]. Lim
et al. [31] first reported a positive association between
bipolar affective disorder and the MAOA gene, and
some subsequent studies have supported this associa-
tion [18, 25, 38, 42, 45], whereas other studies failed to
confirm an association [23, 30, 32, 54]. Most positive
associations between BD and the MAOA gene are
restricted to Caucasian samples or to females [18, 42,
45]. The only study of non-Caucasians which found a
positive association involved a Japanese population
[25], and this study found other alleles to be over-
represented in Japanese BD patients, compared to the
studies of Caucasians. There are several possible
explanations for these conflicting results, including:
differing clinical phenotypes of BD; differing frequen-
cies of the MAOA gene in different ethnic groups;
differing definitions of what should constitute the
healthy control group; differing MAOA markers used by
different research group; and the limited power that
comes from using only a single polymorphism to define
the role of the MAOA gene in BD.

In the work reported here, we used two polymor-
phisms to clarify the role of the MAOA gene in the
etiology of BD. Specifically, we used the uVNTR
promoter polymorphism and the EcoRV polymor-
phism, since this should be more powerful than using
only one MAOA variant. Our study was designed to
test whether the genotype and haplotype of the MAOA
gene are associated with BD in a Taiwan Han Chinese
population. To reduce the risk that genetic heteroge-
neity of BD could cloud the picture, we also examined
clinical subtypes of BD.

Materials and methods

j Subjects and clinical assessments

This study was reviewed and approved by the hospital Ethics
Committee and was performed in accordance with ethical stan-
dards laid down in the 1964 Declaration of Helsinki. To minimize
the effects of ethnic differences on gene frequencies, all participants
were recruited from the Han Chinese population in Taiwan, and
they were matched for ethnicity and geographic origin.

The patient group consisted of 409 patients with BD (217 male and
192 female; mean age 36.56 ± 11.73 years) who were recruited
between 2001 and 2007 in the clinic of our hospital. Each patient was
initially evaluated by one of the attending psychiatrists (S. Y. H., M. T.
L., W. W. L.) and then was interviewed by trained psychologists, using
the Chinese Version of Modified Schedule of Affective disorder and
Schizophrenia-Lifetime (SADS-L) [15, 36] and DSM-IV diagnosis [2].
The inter-rater reliability j values of the Chinese Version of Modified
SADS-L in our research team were good for major depression (0.79),
BD (0.71), anxiety disorder (0.86), schizophrenia (0.95), alcohol abuse
and alcohol dependence (1.0), and substance abuse and dependence
(0.82) [22]. All patients in this study met the DSM-IV criteria for
bipolar I or bipolar II disorder on the basis of interview and a best-
estimate procedure that used all available information, including
clinical observations, medical records and family information. Fur-
ther, patients were classified into eight clinical subgroups included 278
individuals with Bipolar I (143 male and 135 female), 131 individuals
with bipolar II (74 male and 57 female), 105 individuals with early
onset (55 male and 50 female), 304 individuals with late onset (162
male and 142 female), 177 individuals with family history (89 male and

88 female), 232 individuals without family history (128 male and 104
female), 139 individuals with history of suicide attempt (69 male and
70 female), 270 individuals without history of suicide attempt (148
male and 122 female). Family history here indicates one or more first-
degree relatives affected for BD or major depression. The age at onset
of the initial depressive or manic episode before 18 years was defined
as early-onset; otherwise it was defined as late-onset. Suicidal attempt
includes any suicidal attempt before recruitment to the study.

The healthy normal control group included 305 healthy volunteers
(194 male and 111 female; mean age 37.61 ± 11.91 years) recruited
from the community, and each person was interviewed (by S. Y. H.) in
the same way as were the patients. The Chinese Version of the
Modified SADS-L was used to screen out all psychiatric conditions in
the control group. They were free of past or present major or minor
mental illness including affective disorder, schizophrenia, anxiety
disorder, personality disorder, substance use disorders, and so on.
Also, there was no family history of psychiatric disorder in the first-
degree relatives of the control subjects.

j Blood samples and genotyping DNA extraction

The methods of blood samples and DNA extraction described in
our previous study [22]. The 30-bp repeat polymorphism of
MAOA–uVNTR gene (variable number of tandem repeats located
upstream of the promoter region) was investigated using a modi-
fication of the polymerase chain reaction (PCR) method described
by Zhu et al. [57]. The EcoRV (rs1137070) polymorphisms in exon
14 of MAOA gene were detected using the modified PCR-RFLP
(restriction fragment length polymorphism) method described by
Hotamisligil and Breakefield [20]. The MAOA EcoRV ()) poly-
morphism remained intact and was 703 bp long, whereas the
MAOA EcoRV (+) polymorphism was cut into two DNA fragments
of 340 and 363 bp by the EcoRV restriction enzymes.

j Statistical analyses

An independent-samples t test was employed to determine the
difference in mean age between patients with BD and normal
controls. A Pearson v2 analysis was used to test for a gender dif-
ference between patients and controls. Hardy–Weinberg equilib-
rium was assessed for each group, and the frequencies of genotype
and allele were also compared between patients versus controls
using Pearson v2 analysis. The Fisher exact test was substituted for
the Pearson v2 test when cells were smaller than expected values
(<5). Multiple logistic regression analysis was used to correct for
the effects of possible covariates such as age and different poly-
morphism. SPSS (version 11.5, SPSS, Taipei, Taiwan) statistical
software was used for all analyses and a nominal probability
(P value) less than 0.05 was considered statistically significant.

Haplotype frequencies, linkage disequilibrium coefficients, and
standardized linkage disequilibrium coefficients between promoter
uVNTR and EcoRV locus in the MAOA gene were estimated using two
computer programs: (1) The ‘‘Estimating Haplotypes’’ program and
(2) the ‘‘Permutation and Model Free Analysis’’ program [56]. We
used Fisher’s exact test to examine haplotype frequencies when small
cell sizes were encountered. A power analysis was performed using
G-Power computer software and the effect size conventions were
determined according to the method of Erdfelder et al. [16]. The study
power was approximately 0.58 ~ 0.92 to detect a small effect (Effect
size = 0.1), and 0.99 to detect either a medium effect (Effect size = 0.3
for medium effect) or a large effect (Effect size = 0.5 for large effect).
This is true for both the haplotype and genotype frequencies of the
total sample, and for males and females separately.

Result

The mean age of the bipolar II patients and of
the bipolar patients with early onset was significant
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different from the controls (P < 0.01), whereas other
group ages were not significantly different from
controls. There were significant differences in gender
frequency between controls versus total BD or the BD
subgroups (P < 0.05), except for those patients with
bipolar II, BD with early onset, or BD without a family
history (P > 0.05).

The five repeat polymorphism of the MAOA
uVNTR gene was not found. The two repeat poly-
morphism was rare in our study (only four normal
controls and one bipolar patient). Therefore, we ex-
cluded all subjects with the two repeat polymorphism
of MAOA–uVNTR fro from further analysis. For data
analysis, the study included 408 BD patients
(217males, 191 females) and 301 normal controls (190
males, 111 females). Genotype distributions of EcoRV
polymorphisms of the MAOA gene were in Hardy–
Weinberg equilibrium, both in the controls and in the
patients (P > 0.05).

The allele frequency of the MAOA–uVNTR and
EcoRV polymorphisms in total BD patients and the
control group was not significantly different (P > 0.1,
Table 1). Because the MAOA gene is located on
the X chromosome, we analyzed males and females

separately. Among male subjects, neither the MAOA–
uVNTR nor the EcoRV polymorphisms showed a
significant difference in allele frequencies between BD
patients and controls, even if they were divided into
different clinical subtypes of BD (P > 0.05, Table 1).
Considering both the MAOA uVNTR and EcoRV
genotype and allele frequencies, there were also no
significant associations in female BD patients or
controls (P > 0.05). Finally, there was no relationship
between genotype or allele frequencies considering
the clinical subtypes of BD (P > 0.05, Table 1;
although the genotype frequencies are not shown).

To decrease the risk of negative associations by
chance, we used haplotype analysis because it is more
powerful and can provide more information in an
association study [27]. We calculated linkage dis-
equilibrium between the two investigated polymor-
phisms, and we found that the two polymorphism site
was in strong linkage disequilibrium in each group
(P < 0.001). However, there are no significant differ-
ences in the haplotype frequencies of the MAOA gene
between controls and total BD patients, or the clinical
subtypes of BD in either male or female subjects
(P > 0.1, Table 2). Using multiple logistic regression

Table 1 Allele frequencies of MAOA polymorphisms in bipolar patients and controls

Group Allele

Allele number Promoter-VNTR P valuea Eco-RV (rs1137070) P valuea

3R (%) 4R (%) + )

Bipolar disorder (M + F) 599 367 (61.3) 232 (38.7) 0.973 358 (59.8) 241 (40.2) 0.525
Male only (n) 217 137 (63.1) 80 (36.9) 0.822 135 (62.2) 82 (37.8) 0.727
Female only (2n) 382 230 (60.2) 152 (39.8) 0.690 223 (58.4) 159 (41.6) 0.477

Bipolar I (M + F) 411 250 (60.8) 161 (39.2) 0.921 244 (59.4) 167 (40.6) 0.641
Male only (n) 143 91 (63.6) 52 (36.4) 0.914 89 (62.2) 54 (37.8) 0.751
Female only (2n) 268 159 (59.3) 109 (40.7) 0.863 155 (57.8) 113 (42.2) 0.589

Bipolar II (M + F) 188 117 (62.2) 71 (37.8) 0.803 114 (60.6) 74 (39.4) 0.508
Male only (n) 74 46 (62.2) 28 (37.8) 0.756 46 (62.2) 28 (37.8) 0.807
Female only (2n) 114 71 (62.3) 43 (37.7) 0.510 68 (59.6) 46 (40.4) 0.457

Bipolar early onset (M + F) 155 88 (56.8) 67 (43.2) 0.342 84 (54.2) 71 (45.8) 0.444
Male only (n) 55 30 (54.5) 25 (45.5) 0.193 31 (56.4) 24 (43.6) 0.580
Female only (2n) 100 58 (58.0) 42 (42.0) 0.925 53 (53.0) 47 (47.0) 0.688

Bipolar late onset (M + F) 444 279 (62.8) 165 (37.2) 0.614 274 (61.7) 170 (38.3) 0.240
Male only (n) 162 107 (66.0) 55 (34.0) 0.718 104 (64.2) 58 (35.8) 0.479
Female only (2n) 282 172 (61.0) 110 (39.0) 0.580 170 (60.3) 112 (39.7) 0.270

Bipolar with FH (M + F) 263 150 (57.0) 113 (43.0) 0.286 147 (55.9) 116 (44.1) 0.632
Male only (n) 89 50 (56.2) 39 (43.8) 0.199 50 (56.2) 39 (43.8) 0.491
Female only (2n) 174 100 (57.5) 74 (42.5) 0.828 97 (55.7) 77 (44.3) 0.946

Bipolar without FH (M + F) 336 216 (64.3) 120 (35.7) 0.380 210 (62.5) 126 (37.5) 0.189
Male only (n) 128 86 (67.2) 42 (32.8) 0.584 84 (65.6) 44 (34.4) 0.357
Female only (2n) 208 130 (62.5) 78 (37.5) 0.404 126 (60.6) 82 (39.4) 0.278

Bipolar with suicide (M + F) 209 118 (56.5) 91 (43.5) 0.259 114 (54.5) 95 (45.5) 0.444
Male only (n) 69 41 (59.4) 28 (40.6) 0.480 41 (59.4) 28 (40.6) 0.872
Female only (2n) 140 77 (55.0) 63 (45.0) 0.505 73 (52.1) 67 (47.9) 0.544

Bipolar no suicide (M + F) 390 249 (63.8) 141 (36.2) 0.433 244 (62.6) 146 (37.4) 0.166
Male only (n) 148 96 (64.9) 52 (35.1) 0.901 94 (63.5) 54 (36.5) 0.575
Female only (2n) 242 153 (63.2) 89 (36.8) 0.303 150 (62.0) 92 (38.0) 0.150

Control (M + F) 412 252 (61.2) 160 (38.8) 238 (57.8) 174 (42.2)
Male only (n) 190 122 (64.2) 68 (35.8) 115 (60.5) 75 (39.5)
Female only (2n) 222 130 (58.6) 92 (41.4) 123 (55.4) 99 (44.6)

FH family history
aCompared with total controls, male controls and female controls, respectively
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analyses, we further confirmed that MAOA polymor-
phisms do not increase the risk of BD or its clinical
subtypes after correcting for age and gene-to-gene
interactions (P > 0.1, Table 3).

Discussion

We report that the MAOA promoter polymorphisms
uVNTR and EcoRV were not associated with BD or
any of its clinical subtypes, in either the frequency of
alleles or the frequency of genotypes. In multiple lo-
gistic regression and in haplotype frequency analysis,
we confirmed these negative results in both females
and males.

Several different polymorphisms of the MAOA
gene have been identified [4, 19], but only one func-
tional polymorphism has been found in the promoter
region of the MAOA gene [46]. A functional poly-
morphism of three repeats was found to have lower
transcriptional activity than a polymorphism of four
repeats in cell lines and in postmortem males [12, 46].
In addition, a silent mutation (EcoRV polymorphism)
in exon 14 has been reported to associate with levels
of MAOA enzymatic activity [20]. Therefore, the
promoter VNTR and EcoRV polymorphisms were
good candidate genes for genetic study of BD.

Nevertheless, we failed to find a difference between
patients and controls in the MAOA gene or its poly-
morphisms. We found no differences in MAOA gene
polymorphisms in males or in females, even when we
used multiple logistic regression to correct for the
influence of age and gene–gene interaction (Tables 1, 2,
3). This result confirms previous studies of Asian pop-
ulations [30, 32], but is distinctly different from previous
studies of several European populations [18, 31, 38, 42,
45]. A possible explanation is that the EcoRV and pro-
moter VNTR polymorphisms of the MAOA gene do not
play a major role in the pathogenesis of BD in Han
Chinese. Alternatively, there may be that other genes
that contribute to the etiology of BD in Asia populations.

Previous meta-analyses of the association between
the MAOA gene and BD found that the alleles of the
MAOA intron 2 and exon 8 polymorphisms are
associated with overall BD, or are associated with BD
in females, but not in males [42, 45]. However, these
studies used two to three markers of MAOA, and none
of them used haplotype analysis. The statistical power
of a single polymorphism is weaker than a haplotype
analysis. Our study detected a uVNTR polymorphism
in the promoter and an EchoRV polymorphism in
exon 14, and our haplotype analysis region included
both the intron 2 and exon 8 polymorphisms. Thus,
the haplotype analysis may be more powerful than
previous single polymorphism analyses.

Haplotype analysis can increase the statistical
power of a study, yet our results contrast with pre-
vious reports that showed the haplotype of MAOA
941T and four repeats of MAOA uVNTR in significant
association with BD [38]. One of the reasons for this
controversy could be ethnic stratification. The fre-
quency of the three repeat polymorphism in our
control subjects was 0.631 for males and 0.572 for
females, and in Japanese subjects the frequency was
0.60 [30], essentially the same as in our subjects. In
Caucasian populations, however, the frequency of the
three repeat allele is around 0.31–0.40 [18, 38, 46, 54],
which is much less than in Asian populations. This
difference in allele frequency may be partially
responsible for the divergent association results.
However, it is unlikely that ethnic stratification pro-
duced a false-negative result in our study because our
subjects were unrelated Han Chinese who were drawn
from a population pool in Taiwan that is known to be
genetically homogeneous [21, 34], and all of the bio-
logical grandparents of our recruited subjects were of
Han Chinese ancestry. Our study is also unlikely to be
corrupted by use of an inappropriate control group.
The healthy controls in our study were interviewed
using the Chinese Version of the Modified SADS-L
[15, 36] to rule out psychiatric disorders. Thus a false-
negative result due to inclusion of affective disorders

Table 2 Haplotype frequency and linkage disequilibrium of the MAOA uVNTR and EcoRV polymorphism in Chinese Han Bipolar disorder females, and controls

Groups Haplotype

Sample size (2n) Haplotype frequency (%) v2 P valuea

3R/+ 3R/) 4R/+ 4R/)

Bipolar disorder 382 0.565 0.037 0.019 0.379 2.400 0.494
Bipolar I 268 0.559 0.034 0.019 0.387 2.304 0.512
Bipolar II 114 0.578 0.045 0.018 0.359 1.335 0.758
Bipolar early onset 100 0.519 0.061 0.011 0.409 0.828 0.874
Bipolar late onset 282 0.581 0.029 0.022 0.368 3.666 0.300
Bipolar with FHb 174 0.540 0.035 0.018 0.407 1.650 0.674
Bipolar without FH 208 0.586 0.039 0.020 0.355 2.136 0.545
Bipolar with suicide 140 0.514 0.036 0.007 0.443 3.035 0.384
Bipolar without suicide 242 0.594 0.038 0.026 0.342 2.717 0.437
Control 222 0.525 0.060 0.029 0.385

aCompared with the control group
bFH family history
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in our control group is unlikely. However, replication
studies are still needed to confirm our result.

The mortality rate from attempted suicide in BD
patients is higher than in the general population [40].
Platelet MAOA activity is lower in suicidal patients
than in controls [52], and significant elevation of
MAOA activity is present in the hypothalamic region
of depressed patients [37] and in postmortem suicide
victims [50]. Family, twin and adoption studies sug-
gest that genetic factors are involved in suicide [44].
Courtet et al. [10] found that there were more high-
activity MAOA uVNTR alleles in violent suicidal men
than in non-violent suicidal men, although the hap-
lotype of the MAOA promoter and intron 2 did not
show a significant difference. Moreover, Du et al. [13]
found significantly different genotype distributions of
the MAOA EcoRV polymorphism in depressed suicide
victims. However, our study and other studies [30, 39]

did not find this association. Although the association
between suicidal behavior and the MAOA gene re-
mains equivocal, our study sample used homoge-
neous Han Chinese and multiple logistic regression to
exclude possible bias. Therefore, our study suggests
that the MAOA gene is not associated with BD with
suicide in Han Chinese.

There are several limitations in our study. First, the
study design uses a cross-sectional approach, which
may not be as sensitive as a longitudinal approach.
For example, we cannot predict whether MAOA levels
fluctuate over time or whether BD patients without a
suicide history might eventually commit suicide.
Furthermore, previous studies have suggested that
environmental factors and life stresses play an
important role in the etiology and pathogenesis of BD
[24, 41], and our subjects may not have encountered
these factors and stresses when we collected our

Table 3 Logistic regression analysis of the MAO-A gene (promoter and Eco RV) for risk of bipolar disorder, and for risk of its clinical subtypes in female patients

Variable Groups

Bipolar disorder (n = 191) Bipolar I (n = 134)

Odds ratio 95% CI P value Odds ratio 95% CI P value

3/3 Repeat 0.722 0.168–3.114 0.663 0.802 0.175–3.675 0.777
3/4 Repeat 1.412 0.475–4.191 0.535 1.438 0.459–4.505 0.533
+/+ 1.882 0.452–7.838 0.385 1.772 0.401–7.839 0.451
+/) 0.918 0.330–2.554 0.870 1.099 0.378–3.190 0.863

Variable Groups

Bipolar II (n = 57) Bipolar, late onset FH (n = 141)

Odds ratio 95% CI P value Odds ratio 95% CI P value

3/3 Repeat 0.273 0.034–2.189 0.222 0.510 0.115–2.256 0.374
3/4 Repeat 0.830 0.209–3.296 0.791 0.889 0.290–2.727 0.837
+/+ 3.899 0.534–28.495 0.180 2.666 0.603–11.781 0.196
+/) 0.772 0.212–2.811 0.694 1.266 0.426–3.765 0.672

Variable Groups

Bipolar, with FH (n = 87) Bipolar, without FH (n = 104)

Odds ratio 95% CI P value Odds ratio 95% CI P value

3/3 Repeat 0.569 0.107–3.023 0.509 0.553 0.095–3.218 0.509
3/4 Repeat 0.868 0.234–3.221 0.832 1.645 0.534–5.066 0.386
+/+ 1.554 0.303–7.964 0.597 3.320 0.599–18.414 0.170
+/) 1.064 0.306–3.703 0.923 0.968 0.345–2.718 0.951

Variable Groups

Bipolar, with suicide (n = 70) Bipolar, without suicide (n = 121)

Odds ratio 95% CI P value Odds ratio 95% CI P value

3/3 Repeat 0.700 0.112–4.382 0.703 0.597 0.124–2.870 0.519
3/4 Repeat 1.105 0.291–4.199 0.883 1.385 0.455–4.215 0.567
+/+ 0.893 0.147–5.409 0.902 3.410 0.737–15.768 0.116
+/) 0.689 0.197–2.412 0.560 1.233 0.436–3.486 0.693

FH family history
Reference group is 4/4 repeat, )/) and female, respectively
The P values and Odds ratios of early onset bipolar disorder (n = 50) have not shown in this table, but the risk of MAOA gene for this group is not significant
difference, P > 0.1
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sample. Finally, some studies found that depressive
symptoms are influenced by gene–environment
interactions in patients with major depression [9, 14].
These factors may explain why previous studies
have found it hard to identify genes associated with
increased risk of mood disorder.

In conclusion, we found that MAOA promoter and
EcoRV polymorphisms do not play a significant role
in increasing susceptibility to BD in general or to
clinical subtypes of BD in Taiwan Han Chinese. Our
results suggest that BD is a complex and heteroge-
neous disorder, and that genetic factors may have
only a modest effect in the pathogenesis of BD and its
clinical subtypes. Prospective studies with larger
samples are needed, with the effects of ethnic strati-
fication controlled. Furthermore, it will be important
to incorporate gene–environment and gene–gene
interactions and to use rigorous methodology to
confirm our results.
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