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A B S T R A C T

Introduction: Approximately 12% of individuals with bipolar disorder (BD) treated with an antidepressant ex-
perience antidepressant-induced mania (AIM). Numerous clinical risk factors have been identified but the only
genetic risk factor found is the “S” allele or “SS” genotype of HTTLPR, a polymorphism in the promoter region of
SLC6A4. We sought to investigate whether metabolizer status of five Cytochrome P450 genes, which encode for
enzymes involved in the degradation of medications in the liver played a role in AIM.
Methods: 26 AIM+/25AIM− individuals were identified from the Toronto BD sample, via a blind retrospective
analysis of two questionnaires and life charts. Genotyping was performed using pre-plated Taqman assays and
metabolizer status was assigned based on the Clinical Pharmacogenetics Implementation Consortium guidelines.
Results: Concurrent use of mood stabilizer had a protective effect against AIM (p= 0.0001). No significant
association between metabolizer status and AIM for the CYP genes was observed. When we grouped poor me-
tabolizers (PM) and intermediate metabolizers (IM) we identified a nominal trend (p=0.14) towards them
being at a greater risk of experiencing AIM. In an additive model, combining CYP2D6 metabolizer status and
HTTLPR, PM and IM with the “S” allele were 9× more likely to experience AIM (p= 0.002).
Discussion: Our results provide further support for concurrent mood stabilizers having a protective effect against
AIM. They also suggest that PM and IM of CYP2D6 may be at a greater risk of AIM. Lastly, combining the risk-
allele of the HTTLPR with the risk metabolizer statuses increases the overall risk of AIM.

Bipolar disorder (BD) is a debilitating mood disorder that affects
approximately 1% of the population worldwide [1]. Currently, mood
stabilizers are the first-line treatment for individuals with BD, however
their effectiveness in treating depressive episodes remains unclear
[2,3]. As such, antidepressants still play a valuable role in treating bi-
polar depression [3]. Unfortunately, a potential side effect of anti-
depressant treatment in BD is antidepressant-induced mania (AIM).
AIM is a complex phenomenon that affects approximately 12–30% of
individuals with BD, depending on the study [4,5].

Given the effects AIM has on both clinical management and prog-
nosis, efforts to identify potential factors behind this phenomenon has
had limited success. The most promising clinical risk factors con-
tributing to AIM are: a diagnosis of BD type I (BD-I), the use of tricyclic
antidepressants versus selective serotonin reuptake inhibitors and not

taking a concurrent mood stabilizer with the antidepressant. These re-
sults need to be interpreted with caution because the studies in-
vestigating these factors yield contradictory results. To the best of our
knowledge, there has not been a risk factor that has been definitively
associated with AIM. However, some risk factors have survived a meta-
analysis, including antidepressant monotherapy, and use of tricyclic
antidepressants instead of other classes [6].

In addition to the clinical studies, there have been several studies
investigating the genetic variations associated with of AIM. Majority of
the studies have studies the HTTLPR polymorphisms of the serotonin
transporter gene (SLC6A4) for association with AIM. Mundo et al.
(2001) reported that the ‘S’ allele and the ‘SS’ genotype of the HTTLPR
polymorphism was associated with an increased risk of AIM in patients
European ancestry [7]. Since this first report, there have been a number
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of (N=6) replication attempts in addition to a meta-analysis [8–13].
Besides, HTTLPR, recently poor and intermediate metabolizers of

CYP2D6 were reported to be at a higher risk for AIM than extensive
metabolizers [14].

CYP2D6 is part of a hepatic set of genes known as the Cytochrome
P450s (CYP). These genes encode for enzymes that are responsible for
the synthesis and degradation of chemicals, including pharmaceuticals
in the liver [15].

The CYP genes are known to have considerable interindividual
differences in drug response and metabolism. Individuals can be cate-
gorized generally into four different metabolizer statuses based on the
functionality of the alleles of each gene: an ultra-rapid metabolizer
(UM), extensive metabolizer (EM), intermediate metabolizer (IM) and
poor metabolizer (PM). The most common genetically predicated me-
tabolizer status is an EM, who possesses two functional genes. An UM
may carry more than two functional copies of the gene while a PM
means an individual has no functional copy of the gene and thus has no
enzymatic activity. Lastly, an IM may be classified as an individual who
either only has one functional allele or has two partially functional
alleles [16,17].

This study will investigate whether the metabolizer statuses at five
CYP genes play a role in AIM. These genes include: CYP2D6, CYP2C9,
CYP2C19, CYP1A2, and CYP3A4. These hepatic genes were included in
the study because of their significant involvement in drug metabolism
and previous literature findings [14,17].

CYP2D6. This gene is responsible for about 25% of drug metabolism
[18,19]. Currently, over 100 allelic variants are known for this gene
[20]. The two wild-type (WT) alleles, *1 and *2 are most commonly
found in the Caucasian population (71%). The population also contains
5–10% of PM, with the PM status determined by the no-function alleles,
*3, *4 and *5. *4 is the most common no-function allele in the Cau-
casian population (20%) but is lacking in the Asian population, where
PM only account for 1–2% of the population [21].

CYP2C9. The most common variants for CYP2C9 are *1 (WT), *2
and *3. The two mutant alleles, *2 and *3 differ from *1 by a single
amino acid substitution [22]. The predominant allele, *1 is found in
86% of Caucasians and 99% of African Americans. The *2 and *3 alleles
are also found in higher quantities in the Caucasian population than
African Americans or Asians, which do not carry the *2 allele [23].

CYP2C19. Similar to CYP2C9, the most common alleles for
CYP2C19 are *1 (WT), *2 and *3, with the WT allele being the most
prevalent in the Caucasian population. Unlike CYP2D6, individuals of
Asian ancestry have a much higher prevalence of PM status (15%) of
this gene compared to Caucasians (2%) [24]. The *17 allele has been
linked with a UM status in psychiatric patients. Individuals that were
homozygous for the allele displayed lower serum concentration levels
of escitalopram [25].

CYP1A2 has over 20 variants identified, with many polymorphisms
in the upstream sequence and intron 1 region (https://www.pharmvar.
org/gene/CYP1A2). The WT allele for this gene is *1A with several
other alleles identified as being associated with decreased enzymatic
activity in vivo and invitro. These include, but are not limited to: *1C,
*1F, *7, and *8 [26–28]. Studies have shown comparable frequencies of
the WT allele among different ethnicities, though Caucasians and Ja-
panese have a significantly larger number of individuals with *1F
[27,29].

CYP3A4. This enzyme is involved in nearly half of the medications
on the market today [30]. Currently, there are 30 different known al-
leles for this gene, with *1A being the WT allele (https://www.
pharmvar.org/gene/CYP3A4). Like the previous genes that have been
outlined, several alleles have been suggested to negatively affect the
enzyme activity both in vivo and in vitro. For example, Hsieh et al.
(2001) found three new deleterious alleles, *4, *5 and *6, all of which
produce reduced enzyme activity [31]. Others that produce coding
changes include *3 and *15 in Caucasians and *17 and *18 in Asians.
However these alleles were found in only 2% of their respective

populations [32].
In this study we will investigate whether metabolizer status of the 5

hepatic genes outlined plays a role in the risk of developing AIM. As
suggested by Zhu et al. [33], we would also like to expand on the
findings of the HTTLPR polymorphism of SLC6A4 and determine
whether this finding remains significant after controlling for CYP2D6
metabolizer status. In addition, we would like to examine whether these
two genes have an additive effect contributing to AIM. Lastly, we will
also investigate a number of potential risk factors that have been stu-
died in the literature.

1. Materials and methods

1.1. Subjects

Subjects recruited for this study have been described previously [7].
Participants were chosen from a larger sample of over 300 patients with
a diagnosis of BD type I (BDI) and BD type II (BDII). These participants
were recruited from hospitals and through newspaper advertisements in
Toronto, Ontario and central Canada. All participants provided in-
formed written consent to participate in the genetic studies. Trained
clinical personnel administered the Diagnostic Structured Interview for
DSM-IV Axis I diagnoses (SCID-I) [34], the Family Interview for Genetic
Studies (FIGS) [35] and created put together the life charts for all study
participants.

The SCID-I, FIGS and life charts available were blindly and in-
dependently reviewed by two clinical psychiatrists (E.M. and J.L.K.) to
confirm diagnoses and create two groups of unrelated individuals: 27
individuals who experienced AIM (AIM+) and 29 individuals who did
not (AIM−). All participants met the following criteria: 1) confirmed
DSM-IV diagnosis of BDI or BDII and 2) experienced at least one de-
pressive episode while taking pro-serotonergic antidepressants. The
AIM+ status was defined as having experienced a manic or hypomanic
episode induced by the antidepressants within the first 8 weeks of
starting the antidepressant. Each participant in the AIM+ group was
matched with a participant in the AIM-negative, matching for sex, age
(± 5 years) and ethnicity.

Exclusionary criteria included: 1) uncertain diagnosis of BD (which
includes individuals who experienced a manic or hypomanic episode
induced by an antidepressant but no spontaneous episodes of mania or
hypomania), 2) individuals with no exposure to pro-serotonergic anti-
depressants, and 3) individuals with inadequate or unreliable in-
formation pertaining to pharmacological treatment.

Due to the lack of DNA for a small subset of individuals, this analysis
included 26 AIM+ and 25 AIM− individuals. For both groups the
following clinical information was obtained: sex, diagnosis, age of
onset, presence of rapid cycling, use of a concurrent mood stabilizer,
and antidepressants each participant had taken.

1.2. Genetic analyses

Genomic DNA was extracted at the Center for Addictions and
Mental Health (CAMH) using the high salts method [36]. All geno-
typing was done using TaqMan SNP genotyping assays using a pre-
plated plate (Thermo Fisher Scientific). This plate contained several
markers for each CYP gene. The following were included from CYP2D6:
rs16947, rs1135840, rs35742686, rs3892097, rs5030655, rs1065852,
rs28371706, rs59421388, rs28371725 and rs5030656. Other markers
included were: rs1799853 and rs1057910 from CYP2C9, rs4244285,
rs4986893 and rs12248560 from CYP2C19, rs2069514 and rs762551
from CYP1A2, and rs11773597 and rs28371759 from CYP3A4. Geno-
typing was confirmed by two independent researchers using the Viia 7
Real-Time PCR System and allelic discrimination program within Viia 7
software. 10% of the sample was re-genotyped for quality control. All
ambiguous genotypes were retyped, and if they were still ambiguous
then they were removed from further analyses.

L.M. Beaupre et al. Personalized Medicine in Psychiatry 13–14 (2019) 6–10

7

https://www.pharmvar.org/gene/CYP1A2
https://www.pharmvar.org/gene/CYP1A2
https://www.pharmvar.org/gene/CYP3A4
https://www.pharmvar.org/gene/CYP3A4


Copy number variant (CNV) analysis was performed for CYP2D6
exon 9 and intron 6 using TaqMan copy-number assays and analyzed
using real-time polymerase chain reactions in Viia 7. Again, 10% of the
samples were re-genotyped for quality control. Metabolizer status was
assigned based on the Clinical Pharmacogenetics Implementation
Consortium (CPIC) guidelines for cytochrome P450 genes (https://
www.pharmgkb.org/guidelines) (see Table 1).

1.3. Statistical analyses

Clinical and demographic risk factors were analyzed using either χ2

or t-test. In cases when the expected number of individuals in a group
was< 5, a Fisher’s Exact Test were used. Means for age of onset were
compared between AIM+ and AIM− using an independent samples t-
test. A χ2 test was also used to analyze the association between meta-
bolizer status for the 5 hepatic genes and AIM. Odds ratios were also
conducted for each of the genes comparing the two groups: EM versus
IM plus PM. A binary logistic regression analysis was conducted to
examine the association of HTTLPR genotypes with AIM, considering
CYP2D6 metabolizer status as a covariate. Finally, a Fisher’s Exact test
was done to determine whether individuals who were PM or IM of
CYP2D6 carrying the “S” allele of HTTLPR were at a greater risk of
experiencing AIM.

2. Results

The sample was a subset of the original sample used by Mundo et al.
[7].The main demographic and clinical information are summarized in
Table 2. Of the clinical factors studied, the concurrent mood stabilizer
treatment was to be protective against AIM (p= 0.0001). All other
factors studied were not associated with AIM.

The results from analyses of metabolizer status with AIM are sum-
marized in Table 3. Analyses could not be performed for CYP1A2 or
CYP3A4 because all the individuals in the sample were determined to
be EM. There were no significant differences between metabolizer
status for CYP2D6, CYP2C9 or CYP2C19 (Table 3). Following our first
analyses, we grouped PMs and IMs together for the three genes we
could analyze and compared EMs to PMs+ IMs (Table 4). There were
still no significant findings for CYP2C19 or CYP2C9. However, when we
grouped PMs and IMs together for CYP2D6, our findings were in the
same direction of those observed by Sánchez-Iglesias et al. [14]. PMs
and IMs were 4× more likely to experience AIM than EMs individuals,
but overall, these results were not statistically significant (p=0.14, CI:
0.786, 22.843).
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Table 2
Demographic Summary of AIM+/AIM− from the TB Sample.

AIM+ group
(N=26)

AIM− group
(N=25)

p-value

Males/Females 9/17 5/18 0.9
Age of Onset, mean (SD) 20.88 (6.42) 20.24 (6.57) 0.73a

Age of Onset, N (%)
Childhood Onset (< 18)
Adult Onset (≥18)

14 (53.8)
17 (65.38)

10 (40)
14 (53.8)

0.483

Bipolar Diagnosis, N (%)
BD type I
BD type II
Schizoaffective Bipolar type

14 (53.8)
11 (42.3)
1 (3.8)

14 (56.0)
9 (36.0)
0 (0)

0.64b

Rapid Cycling, N (%) 4 (15.4) 2 (8.0) 0.67c

Concurrent Mood Stabilizer, N
(%)

4 (15.4) 19 (76) 0.0001d

*Data was missing for 2 individuals for age of onset and rapid cycling.
a Independent samples t-test used.
b BD type I vs. BD type II were analyzed.
c Fisher’s Exact test was used.
d Significant at p < 0.01.
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We observed that individuals with the ‘SS’ genotype of the HTTLPR
polymorphism of SLC6A4 were 3.26 folds more likely to experience
AIM (p= 0.02, CI: 1.2, 8.85) than individuals with the ‘LS’ or ‘LL’
genotypes, when CYP2D6 metabolizer status was accounted for in the
analysis. Lastly, we found that individuals that were PM or IM of
CYP2D6 who also carried a “S” allele of the HTTLPR of SLC6A4 had a
nine-fold greater likelihood of experiencing AIM (p= 0.002, CI: 1.82,
48.82).

3. Discussion

Our study provides further support for antidepressants (without
concurrent mood stabilizer treatment) being a risk factor for AIM. This
finding is in line with several previous studies [37–40] including a
meta-analysis [6]. Interestingly, Lieberman et al. [41] reported higher
switch rates among those taking an antidepressant without a concurrent
mood stabilizer, but the results were not statistically significant. We
failed to detect any associations with sex, type of BD, or rapid cycling,
which have previously been associated with AIM in other studies
[8,11,39,42]. Overall, while these clinical risk factors cannot be en-
tirely ruled out as playing a role in AIM risk, they likely do not play
major roles.

Our pharmacogenetic findings extend upon the findings from
Sánchez-Iglesias et al. [14] in a larger sample (N=51). Based on their
study, we hypothesized that PMs and IMs of CYP2D6 would be at a
significantly greater risk of experiencing AIM. However, we were un-
able to find significant associations between metabolizer status of
CYP2C9, CYP2C19 or CYP2D6 and risk of AIM even though our data

suggest that PMs and IMs of CYP2D6 may be at a greater risk of de-
veloping AIM than are EMs.

Given the role CYP2D6 plays in the break-down of drugs in the liver,
including many antidepressants [17], it seems quite likely that the gene
is involved in side-effects. In fact, a pilot study investigating the effects
of CYP2D6 metabolizer status on antidepressant response found that
PMs were four times more likely to have adverse effects from anti-
depressants, which suggests that PMs would be more likely to experi-
ence AIM than other metabolizers [43].

Considering the recommendation of Zhu et al. [33] we investigated
whether the HTTLPR findings would remain significant when control-
ling for CYP2D6 metabolizer status. The sample used for this study was
the same as the one used to first implicate the HTTLPR polymorphism
in AIM. In that original sample by Mundo et al. [7] (N= 57), the ‘SS’
genotype was associated with a greater risk for AIM (p= 0.002). Our
results were in the same direction, such that individuals with the ‘SS’
genotype were still at a greater risk of AIM, when CYP2D6 metabolizer
status was a covariate in the analysis (p= 0.02). To extend upon these
findings, we decided to see whether the two genes would have an ad-
ditive effect. We found that PMs and IMs carrying the ‘S’ allele ex-
perienced a nine-fold increase in their chance of developing AIM, which
is much greater than the five-fold increase found for just the ‘S’ allele in
our sample.

We hypothesized that PMs and IMs of CYP2D6 would be at a greater
risk of experiencing AIM because they are not as efficient at metabo-
lizing the antidepressant and therefore there is a greater build-up of the
drug in the individual’s system, and this excess is what leads to a manic
switch. We did not find support for our hypothesis, as CYP2D6 meta-
bolizer status was not significantly associated with AIM.

This study was not without limitations. First, this study had a small
sample size, especially for a genetic study. Future work should attempt
to validate our findings in larger samples to determine whether CYP2D6
metabolizer status is a significant risk factor for AIM. In addition to this,
our study was based on a retrospective design, which can have more
bias than a prospective design.

4. Conclusion

Overall our investigation is the first to suggest that CYP2D6 meta-
bolizer status is not an independent risk factor of AIM, but when
combined with the risk allele of HTTLPR, it is. Individuals that are PMs
or IMs of CYP2D6 and carry the ‘S’ allele of HTTLPR are at a much
greater risk of developing AIM. The effect size of the HTTLPR was only
5.1, but when the CYP2D6 metabolizer status is incorporated then the
effect size increases to 9.4. Lastly, we report that CYP2D6 metabolizer
status does not influence the previously reported HTTLPR findings
however, when combined, they lead to an even greater risk of experi-
encing AIM.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.pmip.2018.11.003.
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