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Translational research is at the vanguard of contemporary
psychiatry. Its bidirectional continuum (from bench to bed-
side and vice versa) has become a primary target in the search
of personalized treatments in psychiatry. Although the term
“translational” has various definitions, its common ground
has focused on a better understanding of the pathophysiology
of psychiatric disorders as well as on the identification of
new diagnostic tests and development of new, improved
treatments. In psychiatry, these aims seem more challenging
than in other medical areas due to the complexity of brain
mechanisms and behaviors.

Several other areas in medicine (e.g., oncology and
endocrinology) have successfully decreased the gap between
initial drug discovery steps and the subsequent approval of
successful therapies for human diseases using translational
approaches. In mental health, the use of tools and technolo-
gies that are able to positively impact health parameters in
psychiatric conditions has been put forward as the ultimate
objective of translational neuroscience research, which may
tailor clinical practice [1]. Even though several advances have
been obtained, this is a key but complex step to pursue,
since psychiatric disorders have potential heterogeneous
symptomatology, cognitive functioning, and comorbidities as
well as having a wide range of genetic and environmental risk

factors [2]. Furthermore, recent genome-wide association
studies have identified potential candidate genes, but lack of
replication by subsequent larger studies and low power have
been major limitations in this field.

One example that fits well in this paradigm is bipolar
disorder (BD). This is a major mental illness with high
prevalence (especially when considering its spectrum), which
still has low recovery rates and high rates of treatment-
resistant cases, with consequent high morbidity and mor-
tality rates. Despite this major public health issue, existing
pharmacological treatments for BD are mostly modifications
of older versions and have not been demonstrated to be
superior to agents from the same class in terms of efficacy
and effectiveness. Except for lithium, all first- and second-line
treatments for BD phases and maintenance were first devel-
oped and approved for other disorders (e.g., anticonvulsants
and atypical antipsychotics). It is noteworthy that the use of
lithium has been progressively declining despite the strong
evidence base in favor of its use [3, 4].

Another degree of complexity is based on its patho-
physiology. This involves dysfunctions at multiple levels and
systems with a convergent impact at subcellular downstream
cascades that directly regulate cellular resilience and neural
plasticity. Some of these molecular targets include central
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2 Neural Plasticity

and peripheral stress pathways, inflammation, intracellu-
lar signaling cascades, and organelles (mitochondria and
endoplasmic reticulum) dysfunction [5]. In this context,
some of these newly identified potential treatment targets
may represent an advance in the therapeutics of BD, going
beyond the so-called “me too” agents. These maybe include
modulators at the glutamate and purinergic neurotransmitter
systems, intracellular signaling, neuropeptide systems, and
others recently tested [6, 7]. These recent developments may
also provide new avenues to help neuroscientists explore in
more detail the underlying mechanisms involved in the neu-
robiology of BD using convergent translational approaches
[5] and identify new targets for future proof of concept
studies.

The use of biomarkers may also play a critical role in this
strategy to overcome issues that have limited drug discovery
in BD [8, 9]. This includes the use of a new generation of
“omics” technologies and the identification of novel mech-
anisms at genetic, molecular, cellular, cognitive, circuits,
and behavioral levels [5]. This approach using biological
dimensions at different levels may also help to decipher brain
network functioning and validate targets as probes of disease
mechanisms. For instance, research on certain candidate
genes from genome-wide association studies, such as ANK3,
a gene involved in the function of voltage gated sodium
channels, and CACNA1C, a gene encoding a protein which is
part of a voltage dependent calcium channel, may represent
relevant targets for future functional studies [10] integrated
in multiple levels and psychiatric disorders. For instance,
genes associated with personality traits and behaviors, such
as impulsivity, anhedonia, or suicidality, and involved in cir-
cadian rhythm disruption in mood disorders are promising
areas to perform studies from molecular to circuit-level.

Even though the previously so expected “holy grail” in
psychiatric research seems hard to achieve based on the het-
erogeneous clinical picture and variable treatment response
and polygenic basis of psychiatric disorders, the identifi-
cation of neural and metabolic (brain/periphery) circuits
related to treatment response through longitudinal studies
is lacking. Brain imaging studies have also shown cortical
and subcortical abnormalities in regions associated with
emotional regulation, especially in frontolimbic circuitry;
however studies exploring target engagement (e.g., PET
receptor occupancy studies) are still scarce and essential to
give more consistency when evaluating potential modulators
and moderators associated with clinical efficacy in proof of
concept trials. Other areas deserving further studies include
the neurobiology of cycling, sleep, psychomotor activity
studies, and early intervention. Similarly, studies on the role
of early stressors/trauma and the role of epigenetics as well
as intermediate phenotypes and illness subtypes can benefit
from translational approaches in BD research.

Animal and preclinical models also represent valuable
tools to further studies underlying neurobiological under-
pinnings of BD, helping to develop the next generation of
strategies using circuit-centered psychiatric dimensions [11].
Findings from clinical neuroscience may be integrated into
the next generation of animal models. The main challenge of

animalmodeling in BD is the inability to develop amodel that
includes the cycling nature of the illness.

There has been a recent shift in paradigm in psychiatric
research. Despite promising perspectives and the appealing
search for the “wow factor” when developing new and
sophisticated tools and technological machinery with respec-
tive technical expertise, these have shown little impact in
public health parameters in psychiatric disorders. There is an
urgent need for the new generation of clinicians to take a
step ahead and be trained to develop skills in neuroscience
research, with the same approach for neuroscientists in
regard to the study of BD neurobiology and therapeutics,
since valuable translational research arises from “clinically
relevant” hypotheses. This seems the critical (if not the only)
path able to fill the gap between discoveries in basic research
and its potential utility and impact in drug development and
potential benefit to individuals with mental disorders. Also, a
better understanding on the biological basis of the observed
variability in treatment response, cognitive dysfunction, neu-
roprogression, role of comorbidities, and investigation on the
treatment-resistant cases are critical aspects to be addressed
by the next generation of “clinician-scientists.”

New interesting conceptual frameworks have been
recently developed to fill this gap using different units of
analysis, such as the NIMH RDoC (Research Domain
Criteria) project. This is based on concepts originated from
basic behavioral neuroscience. Importantly, this new research
framework focuses on the behavior-brain interaction and
systems rather than the standard diagnostic classifications
[12]. Also, new initiatives such as the NIMHBRAIN initiative
[13], which emphasizes the need for sharing large-scale
datasets, may help to build the foundation on understanding
how the brain works and apply this to the identification of
better diagnostic tools and treatments. The development of
new neuroscience-based approaches for mental disorders
targeted at circuits- and systems-level measurements (e.g.,
modeling positive and negative affect and anhedonia for
depression) may lead to the identification of new targets and
more effective treatments.
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Oxidative imbalance, alterations in brain-derived neurotrophic factor (BDNF), and mitochondrial dysfunction are implicated
in bipolar disorder (BD) pathophysiology and comorbidities, for example, cardiovascular conditions. Carvedilol (CVD), a
nonselective beta-blocker widely used for the treatment of hypertension, presents antioxidant and mitochondrial stabilizing
properties. Thus, we hypothesized that CVD would prevent and/or reverse mania-like behavioral and neurochemical alterations
induced by lisdexamfetamine dimesylate (LDX). To do this, male Wistar rats were submitted to two different protocols, namely,
prevention and reversal. In the prevention treatment the rats received daily oral administration (mg/kg) of CVD (2.5, 5 or 7.5), saline,
valproate (VAL200), or the combination of CVD5 + VAL100 for 7 days. From the 8th to 14th day LDX was added. In the reversal
protocol LDXwas administered for 7 days with the drugs being added from the 8th to 14th day of treatment. Two hours after the last
administration the behavioral (open field and social interaction) and neurochemical (reduced glutathione, lipid peroxidation, and
BDNF) determinations were performed. The results showed that CVD prevented and reversed the behavioral and neurochemical
alterations induced by LDX. The administration of CVD5 + VAL100 potentiated the effect of VAL200 alone. Taken together these
results demonstrate a possible antimanic effect of CVD in this preclinical model.

1. Introduction

Bipolar disorder (BD) is one of the most serious mental
illnesses characterized by depressive andmanic episodes with
spontaneous cycling.The pathophysiology of this mental dis-
order remains unclear; however, evidences point towards the
involvement of genetics, signal transmission deregulation,
deleterious inflammatory profile, dysregulation in oxidative
stress, and neurotrophins [1, 2].

The disorder presents a chronic course associated with
functional decline, elevated mortality, and significant disease
burden [3, 4]. Importantly, BD patients present an excess

burden of cardiovascular risk and higher rate of hypertension
compared to the general population [4]. Additionally, this
risk is increased by modern treatments for BD, such as
antipsychotics [5].

Thenumber of affective episodes in BDpatients is directly
related to social and cognitive deficits as well as risk of
suicide among others [6]. Still in relation to affective episodes,
the number of manic episodes was related to impairment
of verbal memory implicating, thus, frontal structures [3].
Besides frontal structures, such as prefrontal cortex, striatum
and hippocampus are putative brain areas related to mania as
observed in clinical [7] and preclinical studies [8, 9].

Hindawi Publishing Corporation
Neural Plasticity
Volume 2015, Article ID 692541, 10 pages
http://dx.doi.org/10.1155/2015/692541

http://dx.doi.org/10.1155/2015/692541


2 Neural Plasticity

Based on the importance of manic episodes for BD
outcome [10], the preclinical model most widely used to
study BD is based on the induction of mania-like episodes
by the administration of amphetamine-related compounds,
such as d-amphetamine (d-AMPH) [11, 12]. Due to the
restrictions on d-AMPH acquisition and use, recently our
research group proposed an animal model of mania in rats
based on the administration of lisdexamfetamine dimesylate
(LDX) [9], a prodrug metabolically converted to d-AMPH
[13]. In our previous study [9], LDX caused behavioral and
neurochemical alterations similar to those of d-AMPH [11, 14]
with the alterations prevented and reversed by the mood
stabilizer lithium.

Indeed, the administration of amphetamine-related com-
pounds to rodents resembles some alterations related to
mania [1] such as increase in dopamine (DA) neurotrans-
mission with consequent hyperlocomotion, oxidative imbal-
ance, and mitochondrial dysfunction, and decrease in brain
derived neurotrophic factor (BDNF) in putative brain areas
related to BD pathophysiology, namely, prefrontal cortex
(PFC), hippocampus (HC), and striatum (ST) [9, 14, 15].

Thus, based on the prooxidant alterations and mitochon-
drial dysfunctions observed in BD patients [1, 5] and in the
animal models of mania [9, 15] as well as on the cardio-
vascular risk presented by BD patients, we decided to study
the effects of carvedilol (CVD, {1-(carbazolyl-(4)-oxy)-3-(2-
methoxyphenoxyethyl amino)-propanol-(2)}) against mania
induced by LDX.

Carvedilol is prescribed for the treatment of congestive
heart failure, mild tomoderate hypertension, andmyocardial
infarction. The drug competitively blocks 𝛽1, 𝛽2, and 𝛼1-
adrenergic receptors while displaying vasodilating proper-
ties. A distinctive characteristic of CVD in comparison to
other 𝛽-adrenergic receptor antagonists is its potent antiox-
idant properties [16]. This antioxidant activity of CVD is
attributed to its ability to chelate free iron [17]. The drug also
presentsmitochondria protective [18] and antiapoptotic/anti-
inflammatory properties [19].

Therefore, herein we aimed to determine the effects of
CVD alone and associated with the mood stabilizer drug,
valproate, in the prevention and/or reversal of behavioral
(hyperlocomotion and social interaction) and neurochemical
(reduced glutathione (GSH) and lipid peroxidation) alter-
ations in the PFC and ST, as well as hippocampal BDNF levels
of animals submitted to the model of mania induced by LDX
[9].

2. Materials and Methods

2.1. Drugs. Carvedilol (CVD; Coreg, Roche, Brazil), lisdex-
amfetamine dimesylate (LDX; Vyvanse, Shire, USA), and
sodium valproate (VAL; Life Pharmaceutical Company) were
used. The drugs were made up freshly within 1-2 h of dosing.
All other chemicals used were of analytical grade.

2.2. Animals. The experiments were performed in adult male
Wistar rats (weighting: 180–250 g) obtained from the Animal
House of Federal University of Ceará. The animals were
housed 6 per cage in standard polycarbonate rat cages (42 ×

20.5 × 20 cm) and standard environmental conditions (22 ±
1
∘C; humidity 60 ± 5%; 12 h light/dark cycle with lights
on at 7:00 am) with access to food (FRI-LAB Rat II, FRI-
Ribe) andwater ad libitum. All experimental procedures were
conducted between 8:00 and 14:00 h and were carried out
in accordance with the NIH Guide for the Care and Use of
Laboratory Animals [20] and the Brazilian College of Animal
Experimentation (COBEA). The raters were blind to the
experimental groups.This research protocol was approved by
the local ethical committee of Federal University of Ceará.

2.3. Study Design. The rats were randomly divided into
experimental groups (8–10 animals/group) distributed in
two protocols, namely, prevention and reversal treatments
(Figure 1), as described below.The use of LDX 10mg/kg, p.o.,
to induce a mania-like behavior was based on a previous
study from our research group [9]. The doses of CVD used
here were calculated based on previous studies showing the
neuroprotective effects of this drug [21] and human doses
used for hypertension treatment as described elsewhere [22].

2.3.1. Prevention Treatment. In the prevention model, we
simulated the maintenance phase of BD treatment, as pre-
viously proposed [23]. Briefly, different groups of animals
were treated with CVD (2.5, 5, or 7.5mg/kg, p.o.) once a
day, VAL (200mg/kg i.p.) twice a day, the association of
VAL 100mg/kg, i.p. (twice a day) + CVD 5mg/kg, with a
15min interval between drugs in the first daily administration
of VAL, or saline for 14 days. The reason for choosing the
association CVD 5mg/kg + VAL 100mg/kg was based, in
the case of CVD, on the first behavioral results obtained
where it seemed for us that this was the best dose to conduct
this protocol; in the case of VAL the dose was reduced
by half to determine a possible potentiation of its effect
by CVD. It is important to mention that the dose of VAL
usually used in models of mania is 200mg/kg twice a day
[11]. Between the 8th and 14th day, the experimental groups
additionally received one oral dose of LDX daily. The time
interval between the administration of the drugs and LDX
was 30min.

Locomotor activity using the open field test (as described
in Section 2.4) and social interaction (as described in
Section 2.5) were measured on the 14th day of drug adminis-
tration, 2 hours after the last drug administration. Following
behavioral determinations, the rats were sacrificed by decap-
itation and the prefrontal cortex (PFC), hippocampus (HC),
and striatum (ST) were dissected, rapidly frozen, and stored
at −70∘C until assayed.

2.3.2. Reversal Treatment. In the reversal model, we repro-
duced the treatment of acute manic episodes as previously
proposed [9]. In brief, each group of animals received one
oral daily dose of LDX (10mg/kg) or saline for 14 days. On
the 8th day of treatment, the animals in the saline and LDX
group additionally received oral administration of CVD (2.5,
5, and 7.5mg/kg) once a day, VAL (200mg/kg) twice a day,
the association of VAL 100mg/kg i.p. (twice a day) + CVD
(with a 15min interval), or saline, with a 1-hour interval



Neural Plasticity 3

Days of administration
1 7 14

Saline or carvedilol (CVD) (2.5 or 5mg/kg, p.o.) or Val or CVD +Val

Lisdexamfetamine10mg/kg, p.o.

Days of administration
1 7 14

Lisdexamfetamine 10mg/kg,
p.o.

Saline or carvedilol (CVD)
(2.5 or 5mg/kg, p.o.) or Val or

CVD +Val

Prevention treatment

Reversal treatment

Figure 1: Schematic representation of the experimental design.

between treatments. Locomotor activity and social interac-
tionweremeasured on the 14th day of treatment, 2 hours after
the last drug administration. After behavioral determinations
the rats were sacrificed and the brain areas dissected for the
neurochemical determinations.

In the present study our primary outcome was to deter-
mine the behavioral changes induced by CVD alone and
associated with VAL in the model of mania induced by LDX.
The secondary outcome was to determine the neurochemical
alterations underlying these alterations.

2.4. Open Field Test. The locomotor activity was assessed
using the open field test [24]. This test was performed in a
50×50 cmopen field surrounded by 50 cmhighwallsmade of
acrylic. The open field floor was divided into four equal parts
by black lines. The apparatus was placed in a red light room.
The animals were gently placed on the center of the field and
allowed to freely explore the arena for 5min. Crossings of
the black lines (used to determine horizontal activity) and
rearing behavior (used to determine vertical activity) were
counted, during the 5min period, by experienced raters who
were blinded to treatment.

2.5. Social Interaction Test. The testing apparatus consisted
of a 60 × 40 cm Plexiglas box divided into three chambers.
Rats were able to move between chambers through a small
opening (6 × 6 cm) in the dividers. Iron cages in each of
the two side chambers contained, in one side, the probe rat,
whereas in the other side, the cage was empty. Test animals
were placed in the center chamber. Rats were allowed 5min of
exploration time in the box, after which an unfamiliar, same-
sex probe rat from the same experimental group was placed
in one of two restraining cages [25].The time spent in each of
the three chambers was measured, and social preference was
defined as follows: (% time spent in the social chamber) − (%
time spent in the opposite chamber).

2.6. Neurochemical Determinations

2.6.1. Tissue Preparation. Brain tissue samples were homog-
enized (10 times (w/v) with ice-cold 0.1M phosphate buffer
(pH7.4).Thehomogenateswere centrifuged at 10,000 rpm for
15 minutes, and aliquots of supernatants were separated and
used for determination of oxidative stress parameters.

For enzyme immunoassay determinations (ELISA) 20
times (w/v) homogenates prepared in cold phosphate-
buffered saline (PBS, pH 7.4) were used. A protease inhibitor
cocktail (Sigma-Aldrich, St. Louis, USA) was added to the
buffer and the homogenate was centrifuged at 14,000 rpm for
30min.

2.6.2. Determination of Reduced Glutathione (GSH) Lev-
els. Reduced glutathione levels were evaluated to estimate
endogenous defenses against oxidative stress. The method
was based on Ellman’s reagent (DTNB) reaction with free
thiol groups [26]. The brain areas were diluted in EDTA
0.02M buffer (10% w/v) and added to a 50% trichloroacetic
acid solution. After centrifugation (3,000 rpm/15min), the
supernatant of the homogenate was collected andmixed with
0.4M tris-HCl buffer, pH 8.9, and 0.01M 5,5-dithiobis 2-
nitrobenzoic acid (DTNB).The yellow color productwas read
immediately at 412 nm using a spectrophotometer (Beckman
coulter UV/Visible). Results were calculated based on a
standard glutathione curve and are expressed as ng of GSH/g
wet tissue.

2.6.3. Thiobarbituric Acid Reactive Species (TBARS) Lev-
els. Lipid peroxides formation was analyzed by measuring
the thiobarbituric-acid reacting substances (TBARS) in the
homogenates [27] as an index of reactive oxygen species
(ROS) production. The samples were mixed with 1mL of
trichloroacetic acid 10% (TCA) and 1mL of thiobarbituric
acid 0.67% (TBA), then heated in a boiling water bath for
15min, and immediately kept cold in a bath of ice. Lipid
peroxidation was determined by the absorbance at 532 nm.
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Results are expressed as 𝜇mol of malonaldehyde (MDA)/g
tissue.

2.6.4. Determination ofHippocampal BDNFLevels. The levels
of BDNF (ELISA; Millipore, USA) were determined in each
sample by enzyme immunoassays according to the specific
manufacturers’ directions. Results are expressed as pg/g
tissue.

2.7. Statistical Analysis. Statistical analyses were performed
with GraphPad Prism 6.0 for Windows, GraphPad Software
(San Diego, CA, USA). The results of the behavioral and
neurochemical studies are expressed as means ± SEM (stan-
dard errors of the mean). Regular two-way ANOVA with
“treatment protocol” and “experimental groups” as factors
was performed. Tukey’s test was used as post hoc test. Before
ANOVA, D’Agostino-Pearson omnibus test was conducted to
verify the normal distribution of the data. For all analyses, the
significance level was set at 𝛼 = 0.05.

3. Results

3.1. Carvedilol Alone and Associated with VAL Prevented and
Reversed Hyperlocomotion and Alterations in Social Interac-
tion Induced by LDX. Locomotor agitation and increased
sociability are common features of mania [28]. In the present
study two-way ANOVA of the number of crossings revealed
a significant interaction between “treatment protocol” and
“experimental group” [𝐹

9,88
= 2.287, 𝑃 = 0.0425] with signif-

icant main effect of “treatment protocol” [𝐹
1,88
= 4.210,

𝑃 = 0.0431] and “experimental group” [𝐹
9,88
= 21.02, 𝑃 <

0.001]. Regarding rearing behavior there was no significant
interaction between factors [𝐹

9,85
= 1.57, 𝑃 = 0.1671], but

significantmain effects of “treatment protocol” [𝐹
1,85
= 10.02,

𝑃 = 0.0022] and “experimental groups” [𝐹
9,85
= 9.77,

𝑃 < 0.0001] were observed. Post hoc analysis showed that
in both prevention and reversal protocols LDX caused hyper-
locomotion (Figures 2(a) and 2(b)) and increased rearing
behavior (Figures 2(c) and 2(d)) as compared to control (Sal +
Sal) rats. In the prevention treatment the administration of
CVD 5, the combination of CVD5 + VAL100, and VAL200
significantly prevented the hyperlocomotion induced by
LDX (𝑃 < 0.001). Regarding rearing behavior CVD 2.5,
CVD5, CVD7.5, and VAL200 prevented the increase in this
parameter (𝑃 < 0.001). In the reversal treatment CVD5,
CVD7.5, CVD5 +VAL100, andVAL200 significantly reversed
the hyperlocomotion induced by LDX (𝑃 < 0.001). The
increase in rearing behavior was reversed by CVD 2.5, CVD5,
CVD7.5, CVD5 + VAL100, and VAL200 (𝑃 < 0.001). After
the administration of CVD alone we could observe that only
CVD 2.5 significantly decreased the number of crossings in
both treatments.

In the evaluation of social interaction two-way ANOVA
revealed a significant interaction between factors [𝐹

6,72
=

2.24, 𝑃 = 0.0490] with significant main effect of “treatment
protocol” [𝐹

1,72
= 19.48, 𝑃 < 0.0001] and “experimental

group” [𝐹
6,72
= 5.28, 𝑃 = 0.0001]. Post hoc analysis

showed that the administration of LDX in both prevention
and reversal treatments significantly increased the percent
of social interaction as compared to control (Sal + Sal)
animals. In the prevention paradigm CVD2.5, CVD5, CVD5
+ VAL100, and VAL200 significantly prevented the alteration
induced by LDX (𝑃 < 0.01) (Figure 3(a)). On the other
hand in the reversal paradigm CVD2.5, CVD5, and CVD5 +
VAL100 significantly reversed the alterations induced by LDX
(𝑃 < 0.05) (Figure 3(b)).

3.2. Carvedilol Alone and Associated with VAL Prevented
and Reversed the Alterations in GSH and Lipid Peroxidation
Induced by LDX in the Prefrontal Cortex and Striatum of
Rats. Two-way ANOVA of GSH levels revealed in the PFC
a significant interaction between “treatment protocol” and
“experimental group” [𝐹

6,83
= 5.95, 𝑃 < 0.0001] with sig-

nificant main effect of “treatment protocol” [𝐹
1,83
= 13.97,

𝑃 = 0.0003] and “experimental group” [𝐹
6,83
= 4.99, 𝑃 =

0.0002]. In the ST a significant interaction between factors
[𝐹
6,98
= 2.68, 𝑃 = 0.0188] with significant main effect of

“treatment protocol” [𝐹
1,98
= 13.73, 𝑃 = 0.0003] and

“experimental group” [𝐹
6,98
= 8.34, 𝑃 < 0.0001] was also

observed. In relation to MDA levels in the PFC a significant
interaction between “treatment protocol” and “experimental
group” [𝐹

6,70
= 3.58, 𝑃 = 0.0038] with significant main

effect of “treatment protocol” [𝐹
1,70
= 19.21, 𝑃 < 0.0001]

and “experimental group” [𝐹
6,70
= 18.67, 𝑃 < 0.0001]

was observed. In the ST there was no significant interaction
between factors [𝐹

6,92
= 1.26, 𝑃 = 0.2841], but significant

main effects of “treatment protocol” [𝐹
1,92
= 10.69, 𝑃 =

0.0015] and “experimental group” [𝐹
6,92
= 18.64, 𝑃 < 0.0001]

were observed.
Post hoc test showed that the administration of LDX

in both prevention and reversal treatments significantly
decreased the levels of GSH (Figure 4) as well as increased
MDA levels (Figure 5) in the PFC and ST when compared to
control (Sal + Sal) rats, as expected for an animal model of
mania.

Regarding GSH levels, in the prevention treatment, the
administration of CVD 2.5, CVD 5, CVD5 + VAL100, and
VAL200 not only significantly prevented the decrement in
GSH levels induced by LDX (𝑃 < 0.001) in the PFC
(Figure 4(a)) but also significantly increased GSH levels in
these experimental groups in relation to control animals (𝑃 <
0.001). In the ST all treatments prevented the decrease inGSH
induced by LDX (𝑃 < 0.001). In the reversal treatment only
VAL200 prevented the decrease in GSH levels induced by
LDX in the PFC. In the ST CVD2.5, CVD5, CVD5 + VAL100,
and VAL200 reversed the GSH decrement induced by LDX
(𝑃 < 0.001) (Figure 4(b)).

The evaluation of lipid peroxidation revealed that in the
PFC and ST of the animals subjected to the prevention
(Figure 5(a)) and reversal (Figure 5(b)) treatments both doses
of CVD and VAL200 and the association of CVD + VAL100
prevented and reversed the alterations induced by LDX (𝑃 <
0.001). The exception was the PFC of the rats administered
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Figure 2: Number of crossings and rearings in the open field test in animals submitted to the prevention ((a), (c)) and reversal ((b), (d))
treatments. Data were analyzed by one-way ANOVA followed by Student-Newman-Keuls post hoc test. Values represent mean ± SEM (6–8
animals/group). ∗𝑃 < 0.05 versus Sal + Sal; #𝑃 < 0.05 versus Sal + LDX or LDX + LDX. CVD: carvedilol; LDX: lisdexamfetamine; OFT: open
field test; Sal: saline; VAL: valproate.

CVD5 + VAL100 in which the alterations inMDA levels were
not prevented by this treatment.

3.3. Carvedilol Alone and Associated with VAL Prevents and
Reverses the Alterations in the Hippocampal Levels of BDNF
Induced by LDX. Two-way ANOVA of hippocampal BDNF
levels revealed no significant interaction between factors
[𝐹
6,62
= 1.93, 𝑃 = 0.0905], but main effect of “experimental

group” [𝐹
6,62
= 7.48, 𝑃 < 0.0001] was observed. BDNF

is being considered a potential candidate as a biomarker
for bipolar disorder [1]. In this context, as observed in
Figure 6, post hoc analysis showed that the administration
of LDX decreased BDNF levels in the hippocampus of rats
that underwent the prevention and reversal treatments. In
the prevention treatment CVD5, CVD5 + VAL100, and
VAL200 significantly prevented the decrement in BDNF
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Figure 3: Percent of social interaction in animals submitted to the prevention (a) and reversal (b) treatments. Data were analyzed by one-way
ANOVA followed by Student-Newman-Keuls post hoc test. Values are expressed as mean ± SEM (6–8 animals/group). ∗𝑃 < 0.05 versus Sal +
Sal; #𝑃 < 0.05 versus Sal + LDX or LDX + LDX. CVD: carvedilol; LDX: lisdexamfetamine; Sal: saline; VAL: valproate.

levels induced by LDX (𝑃 < 0.05). In the reversal treatment
both doses of CVD as well as CVD5 + VAL100 and VAL200
reversed the decrease in these neurotrophin levels induced by
LDX (𝑃 < 0.01).

4. Discussion

The results of the present work demonstrated, to the best
of our knowledge, for the first time that CVD is effective
in the prevention and reversal of LDX-induced mania-like
behavioral andneurochemical alterations. Additionally, CVD
potentiated the effects of the mood-stabilizing VAL.

Manic states include complex andmultifaceted symptoms
such as overactivity, hypersexuality, irritability, and reduced
need for sleep [29]. To date, the evaluation of these symp-
toms in preclinical models of mania is almost restricted to
the observation of hyperlocomotion; nevertheless this was
recently criticized [12]. Thus, in our study we decided to
evaluate the social interaction of the animals since this feature
is increased in mania [28].

Based on our behavioral results we observed that the
administration of CVD 5mg/kg, VAL 200mg/kg, and the
combination of VAL 100mg/kg + CVD 5mg/kg prevented
and reversed hyperlocomotion and the increased sociability
induced by LDX, with the exception of VAL alone that was
not able to reverse the LDX-induced alteration in social
interaction. Regarding the mood-stabilizing drugs, when we
first proposed this LDX-induced model of mania [9] lithium
was the only drug used to assess the predictive validity
of the model. Based on a previous preclinical study that
demonstrated a potentiation of anticonvulsant effects by

the administration of VAL 100mg/kg and CVD 5mg/kg, we
decided to use, in the present study, VAL as mood-stabilizing
drug [30].

The behavioral alterations observed in BD patients are
linked to central mechanisms, such as the following [7, 31]: (i)
alterations in monoamine levels, for example, the dopamine
dysregulation syndrome; (ii) mitochondrial dysregulation;
(iii) alterations in calcium homeostasis; (iv) neuroinflam-
mation; (v) oxidative imbalance; and (vi) dysregulation in
neurotrophin’s levels. These mechanisms are also involved in
the neuroprogression of this mental disorder [32], emerging,
mainly the last five, as important targets for BD treatment
[1, 33].

Focusing on the aforementioned targets for BD treat-
ment, CVD is a drug that presents antioxidant andmitochon-
drial stabilizing properties as well as regulating intracellular
calcium that may be considered as an important option for
the treatment of BD. Additionally, in the last ten years the
neuroprotective properties of this drug began to be studied
although with incipient findings to date [34, 35].

As observed in our results CVD in addition to regulating
oxidative imbalance also increased the levels of BDNF when
administered alone and when combined with VAL. In fact
when GSH levels are reduced there is an increased potential
for cellular oxidative stress, characterized by an increase and
accumulation of ROS. Furthermore, the decreased levels of
antioxidants or increased levels of free radicals are related to
chain reactions, such as lipid peroxidation, leading to cellular
dysfunction [36]. Overall glutathione antioxidant system and
lipid peroxidation are altered in animalmodels ofmania [8, 9]
as well as in BD patients [37, 38]. Oxidative imbalance leads
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Figure 4: Levels of reduced glutathione (GSH) in the prefrontal
cortex (PFC) and striatum (ST) of mice submitted to the prevention
(a) and reversal (b) treatments. Data were analyzed by one-way
ANOVA followed by Student-Newman-Keuls post hoc test. Values
are expressed as mean ± SEM (6–8 animals/group). ∗𝑃 < 0.05
versus Sal + Sal; #𝑃 < 0.05 versus Sal + LDX or LDX + LDX. CVD:
carvedilol; LDX: lisdexamfetamine; Sal: saline; VAL: valproate.

to reduced expression of BDNF. The mechanisms linking
oxidative stress to decreased BDNF levels involve several
factors such as the following: (i) decrease of DNA-binding
activities of activator protein-1 and cAMP response element-
binding protein (CREB), BDNF transcription factor, which is
associated with reduction of BDNF gene expression [39], and
(ii) energy imbalance which causes a dysfunction in the N-
methyl-D-aspartate (NMDA) channel resulting in decreases
in BDNF gene expression [40].

Regarding BDNF, the serum levels of this neurotrophin in
BD patients are decreased in depressive and manic episodes,
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Figure 5: Levels of malondialdehyde (MDA), a lipid peroxidation
marker, in the prefrontal cortex (PFC) and striatum (ST) of mice
submitted to the prevention (a) and reversal (b) treatments. Data
were analyzed by one-way ANOVA followed by Student-Newman-
Keuls post hoc test. Values are expressed as mean ± SEM (6–8
animals/group). ∗𝑃 < 0.05 versus Sal + Sal; #𝑃 < 0.05 versus Sal +
LDX or LDX + LDX. CVD: carvedilol; LDX: lisdexamfetamine; Sal:
saline; VAL: valproate.

returning to normal levels in euthymia [41] with a similar
pattern of alteration in animal models of mania [9, 14].
Together, thesemechanisms have been extensively implicated
in the pathophysiology of schizophrenia and BD [37, 42].

Thus, based on the importance of oxidative imbalance in
the pathophysiology of BD, an increasing number of preclin-
ical [8] and clinical [43] studies are proposing antioxidants
as adjunct therapies for BD. Interestingly, it was recently
proposed in BD patients with medical comorbidities, such
as cardiovascular and endocrine conditions, that the use
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Figure 6: Levels of brain derived neurotrophic factor (BDNF) in the hippocampus of rats submitted to the prevention (a) and reversal (b)
treatments. Data were analyzed by one-way ANOVA followed by Student-Newman-Keuls post hoc test. Values are expressed as mean ± SEM
(6–8 animals/group). ∗𝑃 < 0.05 versus Sal + Sal; #𝑃 < 0.05 versus Sal + LDX or LDX + LDX. CVD: carvedilol; LDX: lisdexamfetamine; Sal:
saline; VAL: valproate.

of the antioxidant N-acetyl cysteine improved functional
outcomes [43]. Therefore, this adds further evidences for
the importance of CVD, a drug that treats cardiovascular
conditions besides being antioxidant, in BD treatment.

Of note, the use, in the present study, of the association
of half the dose of VAL (100mg/Kg, twice a day) with CVD
5 maintained the effect of VAL 100 in a similar pattern to the
one presented by VAL 200mg/kg twice a day. One exception
was noticed in the social interaction test where in the reversal
protocol the association reversed the alteration induced by
LDXwhereas VAL alone did not.This is an important finding
because VAL presents important side effects, such as tremor,
weight gain, alopecia, more frequent sedation, and infection
[44] that could be alleviated by the use of lower doses.
Indeed a previous preclinical study suggested that CVD
potentiates the anticonvulsant activity of VAL possibly by a
pharmacodynamics interaction [30]. In this previous study
the association of CVD 5 + VAL 100 was the best for the
increase in seizure threshold induced by pentylenetetrazole,
an effect that was accompanied by increase in GSH levels and
decrease in lipid peroxidation [30].

The combination CVD 5 +VAL 100 did not prevent LDX-
induced rearing alteration. This result does not compromise
the antimanic-like effect of this combination observed in this
study, since the parameter number of crossings is the most
reliable [45, 46]. On the contrary, CVD 7.5 did not prevent
LDX-induced alterations in the number of crossings, social
interaction, GSH levels in the PFC, and BDNF. One possible
explanation in that when compared to humans on an mg/m2
basis, 7.5mg/kg CVD in rats corresponds approximately
to 75mg/daily CVD in humans. Of note, the total daily
doses of 6.25 to 50mg CVD are the most prescribed for
cardiovascular conditions [47]. Thus, based on this evidence
possibly 7.5mg/kg CVD in rats was an excessive dose.

Our study has some limitations: first, animal models
in psychiatry are fair representations of real complexity of

the disorders. That is to say, clinical studies are necessary
before we can conclude that CVD could bring tangible
benefits to BD patients. Furthermore, our study evaluated a
correlation between intervention and outcome and was not
equipped to parse possible mechanistic pathways. Therefore,
we could not establish the real mechanisms that are necessary
and adequate to explain the behavioral effects of CVD;
for example, mitochondrial protection by CVD was not
evaluated here.

In conclusion, CVD was able to prevent and reverse
oxidative imbalance and BDNF levels in the model of mania
induced by LDX. Overall, the results presented here give the
first preclinical evidences for the future design of clinical
trials investigating the use of CVD in mania.
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[9] D. S. Macêdo, D. F. de Lucena, A. I. G. Queiroz et al., “Effects of
lithium on oxidative stress and behavioral alterations induced
by lisdexamfetamine dimesylate: relevance as an animal model
ofmania,” Progress inNeuro-Psychopharmacology and Biological
Psychiatry, vol. 43, pp. 230–237, 2013.

[10] R. H. Perlis, M. J. Ostacher, J. K. Patel et al., “Predictors of
recurrence in bipolar disorder: primary outcomes from the Sys-
tematic Treatment Enhancement Program for Bipolar Disorder
(STEP-BD),” American Journal of Psychiatry, vol. 163, no. 2, pp.
217–224, 2006.

[11] B. N. Frey, S. S. Valvassori, G. Z. Réus et al., “Effects of lithium
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Objective. Magnetic seizure therapy (MST) is a novel, experimental therapeutic intervention, which combines therapeutic aspects
of electroconvulsive therapy (ECT) and transcranial magnetic stimulation, in order to achieve the efficacy of the former with the
safety of the latter. MST might prove to be a valuable tool in the treatment of mood disorders, such as major depressive disorder
(MDD) and bipolar disorder. Our aim is to review current literature onMST.Methods. OVID andMEDLINEdatabases were used to
systematically search for clinical studies onMST.The terms “magnetic seizure therapy,” “depression,” and “bipolar” were employed.
Results. Out of 74 studies, 8 met eligibility criteria. There was considerable variability in the methods employed and samples sizes
were small, limiting the generalization of the results. All studies focused on depressive episodes, but few included patients with
bipolar disorder. The studies found reported significant antidepressant effects, with remission rates ranging from 30% to 40%. No
significant cognitive side effects related to MST were found, with a better cognitive profile when compared to ECT. Conclusion.
MST was effective in reducing depressive symptoms in mood disorders, with generally less side effects than ECT. No study focused
on comparing MST to ECT on bipolar depression specifically.

1. Introduction

1.1. Mood Disorders and ECT. Mood disorders, such as major
depressive disorder (MDD) and bipolar disorder (BD), are
highly prevalent and debilitating conditions, associated with
high suicidality rates, elevated treatment costs, and heavy
social and economic burden [1]. The treatment of depressive
episodes is associated with a 30–40% rate of nonresponse [2].
Few effective treatments are currently used and approved for
resistant unipolar and bipolar depression.

Electroconvulsive therapy (ECT) is regarded as the most
effective treatment for depression [3], in both BD and MDD,
with remission rates ranging from 50% to 75% [4–6]. ECT
is also effective for manic episodes, with reported remission
rates of up to 85% [7–11].

Despite its high effectiveness, the use of ECT is limited by
its side effects, especially the development of cognitive deficits
and, in particular, memory impairment [12–16]. Such side
effects can range from mild or nonexistent in some patients
up to severe and distressing in others [14, 17–19]. Of those,
memory loss is the single most often cognitive complaint
reported by patients undergoing ECT [12]. The cognitive
effects of ECT have been shown to be dependent upon
numerous ECT parameters, namely, electrode placement,
frequency of sessions, electric dose, and pulse width [14, 17,
20].

1.2. Magnetic Seizure Therapy. The search for improved ECT
techniques, which could be able to reduce or minimize
memory-related side effects whilst maintaining efficacy, has
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been the subject of a considerable amount of investigation
[21]. However, the use of an electrical stimulus to induce
seizures is a fundamental limitation in refining convulsive
therapy and limiting its side effects profile [22]. Control
over the spatial distribution and magnitude of intracerebral
current density is limited by high skull impedance, which
shunts most of the electrical stimulus through the scalp
and cerebrospinal fluid (CSF) and away from the brain. The
substantial impedance of the scalp and skull means that the
bulk of the electrical stimulus is shunted away from the brain,
resulting in widespread stimulation of cortical and subcor-
tical regions. There are also individual differences in skull
anatomy that result in uncontrolled variation in intracerebral
current density [23]. Measurements in humans of shunting
across the scalp and skull range from 80% up to 97%. Recent
studies with computer models further support the notion
that current dissipation in ECT is considerable and that the
electrode placement associated with more severe cognitive
side effects, bitemporal (BL-ECT), is also the placement with
higher shunting and with deeper brain stimulation [24].

The possibility of noninvasive stimulation of specific
areas in the cerebral cortex through magnetic stimulation
was first demonstrated in 1985 [25]. The use of transcranial
magnetic stimulation (TMS) has since been studied as a
treatment for depression, and a number of meta-analyses and
Sham-controlled trials have confirmed that it is associated
with statistically significant antidepressant effect [26]. TMS
employs a rapidly changing magnetic field to induce an
electrical current in a targeted brain region, most often the
left dorsolateral prefrontal cortex (DLPFC) [27]. Magnetic
stimulation is more focal than electrical stimulation because
it avoids the impedance of the scalp and skull and results
in an induced electric field confined to superficial cortex.
Thus, magnetic stimulation has allowed more control over
current paths and current density within cortical tissue
[22, 28] and grants TMS a safer, well-tolerated side effects
profile [27]. However, TMS efficacy in treatment-resistant
patients is limited. A recentmeta-analysis [26] has shown that
repetitive transcranial magnetic stimulation (rTMS), despite
significantly reducing depressive symptoms, is not as effective
as ECT for the treatment of refractory depression, leading to
a mean reduction of 9.3 points on the Hamilton Depression
Rating Scale (HDRS), while ECT leads to a reduction of 15.42
points. Also, ECT is reported to be more effective in reducing
suicidality than rTMS [26].

It has long been known that TMS could induce seizures.
Such phenomenon was initially considered to be accidental
and regarded as a complication of method [29–31]. How-
ever, the possibility of intentionally inducing seizures by
magnetic pulses has been formally proposed as early as
1994 by Sackeim [32]. Once rTMS had been found to have
significant antidepressant effects at subconvulsive levels, and
considering the superior antidepressant potency of ECT, it
has been hypothesized that, under controlled conditions in
a patient under anesthesia, increasing the magnetic stimulus
into the convulsive range the resultant seizure could confer
robust antidepressant properties as seen with ECT [33]. It was
also hypothesized that the more accurate and focal seizures
triggered by magnetic stimulation could lead to less adverse

effects than seizures triggered by ECT, while retaining its
therapeutic capacity [22].

The first published report of seizures successfully and
deliberately induced by rTMS dates back to 2001, described
by Lisanby et al. [23]. Two exemplars ofMacaca mulattawere
chosen for the experiments because of brain-to-coil size ratio
that was closer to humans when pediatric sized coils were
used and for their ability to perform cognitive tasks with
which to access the potential cognitive side effects of the
method [34]. The animals were subjected to rTMS sessions
under general anesthesia, using both a commercially available
TMS device (MAGSTIM Super Rapid, Magstim Company
Ltd., Whitland, Wales) and a customized MAGSTIM device,
with eight boostermodules instead of the usual fourmodules,
capable of broader pulse width and yielding 40%more power
per pulse. The two trials conducted with the commercial
MAGSTIM device failed to trigger seizures in the primates.
The customdevice, however, was capable of inducing seizures
in both subjects in all trials, therefore illustrating the need for
more powerful stimulation than a standard TMSdevice could
deliver in order to elicit seizures.

Further studies comparing electroconvulsive shock
(ECS), the animal equivalent of ECT, with MST and Sham
on non-human primates were conducted in order to assess
the safety of the procedure. Results pointed that MST has
significantly less impact than ECS on functions such as
spatial memory, time to task completion, and anterograde
memory. In fact, there was no difference between MST and
Sham, even when with the use of higher-intensity stimulus,
with pulse frequency of up to 100Hz [35–37]. Postmortem
studies conducted on the experimentation animals did not
reveal morphologic changes or histological lesions [38, 39].

Soon after the first description of MST in animals, initial
human reports were published. In 2001, Lisanby et al. [40]
described the first use of MST in a 20-year-old patient with
treatment-resistant episode of MDD, who had undergone for
the previous three years several pharmacological trials, with
different classes of antidepressant drugs, without success,
being referred to ECT. The patient received four sessions of
MST before following up with conventional ECT. General-
ized tonic-clonic seizures were successfully elicited in the
fourMST treatments, withHamiltonDepressionRating Scale
scores decreasing from 20 at baseline to 13 after the fourth
session. No severe adverse effects were reported and Mini
Exam of Mental State scores remained unaltered throughout
the trial.

In 2003, Kosel et al. [41] reported a second patient treated
withMST for treatment-resistantMDD.This time, a 66-year-
old patient was submitted to a full trial of MST, with 12
sessions, until remission was achieved. Hamilton Depression
Rating Scale (HDRS) scores dropped from 33 to 6 and Beck
Depression Inventory (BDI) dropped from 40 to 11. The
sessions were well-tolerated, with no somatic or cognitive
complaints. A more comprehensive cognitive assessment
battery was employed, and the patient did not show any
significant cognitive deficits following MST. Actually, there
was an improvement on some cognitive tests following
treatment.
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Since the mechanism of action of MST involves the
induction of seizures, the use of general anesthesia with
muscle relaxation and clinical support is necessary, much
like in ECT. The use of a bite block, which is mandatory for
patients receiving ECT, on the other hand, is not necessary
since there is no direct stimulation of the masseter muscle by
shunted electric current. However, the loud “clicking” noise
causing the coil might require the use of earplugs by both
patients and staff. Different coils have been tested, with the
nonfocal round coil and the double cone coil reported to be
reliable in seizure induction, while themore focal “figure of 8”
coil was considered inefficient in inducing seizure. Another
concern related to the coils is the heating of the equipment,
which is more pronounced than in TMS coils and required
previous cooling and the use of heat-resistant materials
[34].

The seizure induced by MST is quite different from that
produced by ECT. Magnetic pulses, such as those employed
by rTMS and MST, are capable of focusing the stimulation
to a specific area, since they pass unhindered into the brain
without resistance and are not shunted through scalp, skull,
and CRL like ECT’s electric stimulus. On the other hand,
magnetic pulses generated by most commercially available
coils only penetrate a few centimeters deep, while electric
current can reach deeper structures more easily. Therefore,
a major difference between MST and ECT is the former’s
capacity to focus stimulation, with MST-induced seizures
originating on superficial regions of the cortex, unlike ECT,
where electrical current passes deep through the brain [22].
Consequently, it is possible that MST may produce similar
therapeutic benefits to ECT without inducing memory-
related side effects, as there is no direct electrical stimulation
of medial temporal lobe structures, such as the hippocampus,
which are implicated in ECT-related memory impairment
[42].

2. Aims

Our objectivewas to review current clinical evidence onmag-
netic seizure therapy, its effectiveness on unipolar and bipolar
depression, and its side effects profile, with special emphasis
on the cognitive aspects. Whenever possible, comparisons
with ECT were drawn in order to establish similarities and
differences between the methods.

3. Methods

3.1. Literature Review. In order to systematically review the
current literature on the use of magnetic seizure therapy
in the treatment of mood disorders in accordance with the
PRISMA guidelines, the authors performed searches in the
Ovid and MedLine databases using the following terms: (1)
“Magnetic Seizure Therapy” OR (2) “Magnetic Seizure Ther-
apy” AND Depression OR (3) “Magnetic Seizure Therapy”
and Bipolar. Articles dating from 1985, the year the first
papers onTranscranialMagnetic Stimulationwere published,
to August 2014 were selected. The results were managed
with Mendeley Desktop (version 1.10.1.0, © Mendeley, Ltd.)
software.

3.2. Eligibility Criteria. The inclusion and exclusion criteria
for studies were as follows: inclusion: (a) manuscript in
English; (b) clinical trials, either open-labeled or blinded
studies; (c) studies on human subjects and exclusion: (a)
virtual models; (b) animal studies; (c) case reports.

3.3. Studies Overview. Our initial search yielded 75 refer-
ences, 64 of which were initially excluded, based on eligi-
bility criteria, leaving 11 articles. In a subsequent analysis, 3
references were excluded after the abstracts were reviewed
and did notmeet eligibility criteria. Ultimately, 8 studies were
included.

3.4. Data Extraction. The following variables were extracted
per a structured checklist that we developed: (a) overview:
study design, authors, year of publication, technique, sum-
mary, and other relevant data; (b) demographics: total sample
(number) and intervention groups; (c) assessment of mood
disorder: method of diagnosis (clinical or structured inter-
views); and (d) outcomes: description of each study’s results.

3.5. Quality Assessment. To assess the methodological het-
erogeneity between studies, each report was evaluated with
regard to quality, focusing on 2 critical methodological
issues: (a) internal validity: for clinical studies, whenever
possible the authors followed the Cochrane guidelines to
determine the risk of bias in randomization (selection bias),
blinding and control comparison (performance bias), and
outcome assessment and reporting (attrition, measurement,
and reporting biases); however, since a small number of
double-blind randomized clinical trials were found, open-
label studies were included as well; (b) construct validity:
we determined whether the operational criteria for mood
disorders were appropriate, that is, whether each study
fulfilled the following criteria: (i) clinical studies that focused
on MST and (ii) articles on mood disorders.

4. Results

A total of eight studies were identified by our search. A
summary of results is available on Table 1. Outcomes on
clinical improvement and cognitive side effects are described
separately below.

4.1. Clinical Improvement. The first clinical trial assessing
MST’s effectiveness compared to ECT in reducing depressive
symptoms was reported by White et al. [43]. Depressive
symptoms were evaluated with the HDRS before and after
the series of 10 to 12 treatments. Researchers reported that
both methods resulted in a decrease in depressive scores,
and ECT reduced mean HDRS from 30 at baseline to 6 after
treatment, while on the MST group mean HDRS at baseline
was 32, dropping to 14 at the end of the trial. Results suggested
that while MST demonstrated a safer cognitive profile, its
effectiveness was still below ECT. Only 53% of the patients
treated with MST achieved a 50% or greater improvement on
the depression rating scores. Considering that ECT responses
have been previously associated with electric dose in relation
to the seizure threshold, a possible explanation for MST’s
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lower efficacy could be the fact that treatments were delivered
only on average 1.3 times above magnetic seizure threshold.
The authors suggested that better response rates could have
been achieved with higher stimulation intensity; however,
MST devices available at the time could only produce short
trains of 8 seconds and 50Hz at maximum output.

In an attempt to improve effectiveness of MST, it has
been proposed that more intense stimuli could be necessary,
which could be achieved by employing higher frequency,
up to 100Hz, and longer trains. Such techniques became
known as high-dose MST (HD-MST). The first comparison
between effectiveness of HD-MST and ECT was published
in 2011 by Kayser et al. [44] in patients on a treatment-
resistant depressive episode of BD and MDD. Primary out-
come measure was response, defined by 50% reduction of
Montgomery and Asberg Depression Rating Scale (MADRS)
or remission, defined by MADRS score of less than 10. Other
clinical measures included HDRS scores, Hamilton Anxiety
Scale (HAMA), BDI, and the 90-Item Symptom Checklist
(SCL-90). Out of ten patients on the MST group, six were
responders, three of which achieved remission. In the ECT
group, four patients were responders, all of which achieved
remission. No significant difference in effectiveness of MST
and ECT was found. It is noteworthy that ECT procedures
employed by the researchers differed from the usual practice
inasmuch as low down RUL-ECTwas used, which reportedly
could be less effective than high-dose RUL-ECT.

Further investigation of HD-MST and its impact on
depressive symptoms was reported by Fitzgerald et al. in 2013
[45]. Clinical assessment was done with the MADRS, the
primary outcome variable, as well as the 17-item HAM-D,
BDI, BPRS, and the CORE rating of melancholia. Response
was defined as a reduction of 50% in the MADRS. Scores
were rated at baseline, after six sessions of MST and after
the end of treatment. Out of 13 patients, five patients met
response criteria, of which two achieved remission. One
patient dropped out of the study due to a desire to receive
ECT. Average MADRS scores dropped from 39.0 to 26.5,
HAMD decreased from 26.7 to 19.2, BDI went from 35.8 to
26.7, and BPRS dropped from 20.7 to 13.6. No differences
were detected between responders and nonresponders. The
authors note that the response to MST in this sample was
significantly inferior to the reported effectiveness of ECT,
which generally yields remission rates of up to 80%.

The first investigation of regional glucose brain
metabolism in MST-treated patients was reported by
Hoy et al. in 2013 [46]. Ten patients suffering from MDD
were selected for an open-label study. Patients received
high-dose MST three times a week, and clinical measures
were performed at baseline, after every 6 treatments and
at the end of the MST treatment. The primary clinical
outcome variable for response was MADRS score, and
response was defined as 50% reduction on the score, while
reduction of 20–50% was considered partial response and
less 20% nonresponse. Cognitive functions were assessed.
Fluorine-18-labeled deoxyglucose (FDG) PET/CT was
performed in the week preceding the first MST treatment
and a few days (average 3.8) after completion of the MST
treatment course. Out of ten patients, four were considered

responders. Average MADRS scores dropped from 40 at the
baseline to 27.2 at endpoint. Neuropsychological assessment
showed no cognitive adverse effects to the treatment.
Significant relative glucose metabolism increases were seen
in the globus pallidus, substantia nigra, putamen, and the
orbital frontal cortex. Other findings, though not at the
same level of significance, include increases in the glucose
metabolism of the medial frontal cortex and the dorsolateral
prefrontal cortex. There were no significant overall decreases
in activity after MST. Differences between responders and
nonresponders were only significant at a trend level and
no relation was found between changes in relative glucose
metabolism and changes in depression scores. Authors
ponder that such findings could be due to the small sample.

4.2. Cognitive Side Effects. In 2003, Lisanby et al. reported the
first series of patients submitted to MST [22]. A total of 10
patients suffering from MDD and referred to an ECT course
were selected for a randomized, within-subject trial. Patients
were blind to which treatment, MST or ECT, they would
receive. The first two sessions of each patient were used to
determine seizure threshold for bothMST and ECT, followed
by two sessions of suprathreshold stimulation with MST and
ECT, and finally ECT sessions for the remaining treatments.
Due to the high-frequency clicking noise intrinsic to mag-
netic stimulation, earplugswereworn by patients during both
MST and ECT sessions. A bite-block was inserted immedi-
ately prior to seizure elicitation to protect the teeth, even if
MST did not produce themarked jaw contraction as typically
seen with ECT, since no current passes through the masseter.
MST was administered with a modified Magstim stimulator,
with a pulse width of 0.5ms and 60Hz at 100% output.
All suprathreshold MST sessions were all given at maximal
stimulator output (400 pulses). Tonic-clonic seizures similar
to those seen with conventional ECTwere elicited on all MST
sessions, albeit seizure duration was shorter on average for
MST (40.9 s on threshold and 49.5 s on suprathreshold stim-
ulation) compared to ECT (101.0 s on threshold and 74.4 s on
suprathreshold stimulation). A neuropsychological battery
sampling multiple cognitive domain was administered by a
blind rater at baseline and immediately before and after each
of the four test sessions, evaluating cognitive functions such
as memory, orientation, and attention, as well as the Squire
Memory Test (Sentences), the Buschke Selective Reminding
Test, and aComplex Figure Test. Patients had fewer subjective
side effects and recovered orientationmore quickly withMST
than ECT. MST was also superior to ECT on measures of
attention, retrograde amnesia, and category fluency.

To further investigate the cognitive side effects of MST
compared to ECT, White et al. [43] conducted a study
evaluating the amount of time patients took to recover
orientation after each procedure, as well as reduction of
depressive symptoms scores. Ten patients with MDD were
submitted to MST and results compared to other 10 case-
matched patients undergoing ECT treatment in an open-
parallel study design. All patients underwent a series of 10–12
treatments of eitherMST or ECT. Time to recover orientation
was assessed by a blinded observer in the postanesthesia
recovery area who asked simple questions such as name,
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place, and day of the week after each session. Orientation
recovery time was considerably shorter on the MST group,
averaging 4minutes, while patients submitted to ECT took an
average of 18 minutes to correctly answer the questions. Such
results suggested that MST could present a safer cognitive
profile compared to ECT.

The first report of HD-MST on humans was published
in 2008 by Kirov et al. [47]. Eleven patients suffering from
TR MDD were enrolled for a within-subject open study
comparing orientation recovery time of a single ECT and
a single HD-MST session. Recovery of orientation after
treatments was assessed by asking the patient for their name,
date of birth, age, place, and day of the week. The point
of orientation recovery was defined as the time when a
patient was able to recall four of these five items. Recovery of
orientation was much faster after MST than after ECT. The
mean time to recovery after successful seizures elicited by
MST was 7min 12 s, against 26min 35 s for ECT.The authors
did not report effectiveness data on this study, since this was
not the study focus and only oneMST session was performed
on each patient.

Another study, this time comparing the effectiveness,
electrophysiological characteristics, and cognitive side effects
of HD-MST and ECT, was published in 2011 by Kayser et al.
[44]. Twenty patients in a treatment-resistant depressive
episode were enrolled and blindly randomized in two groups
of ten, treated with either ECT or MST. It is noteworthy
that for the first time patients suffering from bipolar disorder
were included in a MST trial, two patients with Type II BD
receiving ECT and one Type I and one Type II patients on
the MST group. A neuropsychological battery was employed
before and after treatment to evaluate such cognitive domains
as memory, learning, executive function, language, and
processing speed. Also, after each session patients were
assessed immediately in order to evaluate orientation. Recov-
ery was defined as the time when patients opened their
eyes and breathed independently, while reorientation time
was assessed by asking the patient for her/his names, date
of birth, age, place, and day of the week. Recovery and
reorientation were faster in the MST group, at 1min 42 s
and 2m 16 s respectively, compared to the ECT group, with
recovery at 4min 3 s and reorientation at 8min 21 s. Except
for that, no significant differences in cognitive side effects
were found between groups. EEG activity was similar in both
groups, consisting of high-amplitude synchronized theta
activity and equal postictal suppression. However, on the
MST group seizure duration was briefer and some patients
showed delayed ictal EEG activity and duration of motor
and ictal activity in MST-treated patients had about the same
length. It is important to notice that the ECT procedures
in this paper are quite different from other studies [5]. The
authors used right unilateral electrodes (RUL-ECT) but chose
to apply stimulus three times above seizure threshold, which
is reported to be less effective than high-dose RUL-ECT. On
the other hand, lower electrical doses are associated with
less cognitive impairment than high-dose ECT, which could
explain the absence of significant cognitive side effects on the
ECT group.

Kayser et al. further explored seizure characteristics and
cognitive aspects of HD-MST compared with ECT [48].
Seven patients in a treatment-resistant depressive episode
were enrolled, six suffering fromMDD and one from bipolar
disorder Type II. Such patients had failed to respond to a 12-
session MST course and were then referred to ECT 12 ECT
sessions in an open-label, within-subject trial. None of the
patients responded to the 12 sessions of ECT. Reorientation
time was, once again, shorter, shorter after MST than after
ECT. Except for the fact that seizures lasted longer on patients
receiving ECT, the authors found no significant differences
in visible motor seizures and EEG activities between the
two procedures, including postictal suppression, a measure
reported to predict response to ECT.

In 2013, Fitzgerald et al. [45] reported an open-label trial
in which 13 patients with TR-MDD received MST, assessing
its effectiveness and side effects. MST was applied three
times per week, each patient receiving up to 18 treatments.
A comprehensive neuropsychological battery was employed
[47], and patients were evaluated at baseline, after six sessions
and lastly after the end of treatments. Out of 13 patients, 12
completed the trial; the remaining subject chose to abandon
the study due to poor response and desire to receive ECT.
Average time to reorientation was 82.8 seconds. In fact,
the fast recovery from the procedure might have created
an unexpected side effect: four patients awoke from the
procedure while still under effect of muscle relaxation.
Neuropsychological tests showed no cognitive impairment
afterMST; in fact nonsignificant improvementswere detected
in several domains. One patient reported severe headaches.
Unlike previous reports [44, 48], the authors reported EEG
patterns unlike those expected on ECT patients. Not only
were the motor seizures shorter, but also ictal activity was
of less amplitude and there was typically much less postictal
suppression. In some patients, ictal activity was not always
apparent on the EEG despite a clear motor seizure. The
authors also note that the response to MST in this sample
was significantly inferior to the reported effectiveness of ECT,
which generally yields remission rates of up to 80%.

The cognitive side effects of MST were recently explored
by Polster et al. [49], who compared its impact on acute
memory retrieval to ECT. Twenty patients suffering from
treatment-resistant MDD were randomly assigned to two
groups, one treated with MST and the other with ECT. A
further ten healthy controls were included for comparison
with the treatment groups. Memory assessment consisted
of a customized test. On each of the 2 treatment control
days and 2 treatment-free control days, the patients were
given 3 consecutive learning trials in the morning to learn
40 words. Words were clustered into pairs and assigned to a
hypernymic category for additional differentiation between
storage or retrieval disruption of memory. This enabled the
recording of cued recall providing information about the
category. After treatment, patients were initially asked to
remember all 40 of the words by themselves (delayed recall).
Subsequently, they were provided with the name of each
hypernymic category to enable them to recall all 40 words
independently from delayed recall, again. The authors point
that if patients extraordinarily benefit from these cues, this is
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indicative of a retrieval-based rather than a storage-focused
memory disruption. By comparing memory performance on
treatment days to control days, treatment-induced memory
disruption was evaluated. To enable evaluation of treatment
caused effects on a particular subject, the patients were
treated with MST or ECT on 2 of the 4 testing days, whereas
the other 2 days served as control. After ECT, delayed recall
was disturbed, whereas after MST, it was not. However, this
difference in performance was no longer apparent upon cue
application.

5. Discussion

The results of this review show that MST is as effective as
ECT in inducing generalized tonic-clonic seizures, both in
animals and in humans. However, there are considerable
differences in the mechanism of induction, since magnetic
pulses are not shunted by the scalp and skull, unlike ECT’s
electric current, allowing for a more focused and superficial
stimulation, which on its turn might have implications for
its electrophysiological aspects, effectiveness, and side effects.
MST-induced seizures are shorter lasting. In most animal
studies and some clinical studiesMST also led to less postictal
suppression and less EEG amplitude compared to ECT-
induced seizures, although two studies reported similar EEG
characteristics for both groups [44, 48]. Such results could
possibly be related to the use of RUL-ECT and low electric
dose, which are associated with less cognitive loss but less
effectiveness as well.

The clinical studies so far reported all support thatMST is
an effective treatment for depressive episodes, with response
rates ranging from 40% to 60% and remission rates ranging
from 15% to 30%. It is noteworthy that most trials were
conducted on patients suffering from TRD, who had failed
previous therapeutic strategies and therefore had a worse
prognosis. On the other hand, such results are still far
from those expected from ECT, which is reported to lead
to remission rates of 50% to 70% on the same conditions.
The results could be related to the parameters of MST,
such as frequency of pulses and total pulse count. High-
dose MST (HD-MST) is an attempt to bridge this gap, and
further studies are being conducted in order to improve its
effectiveness.

Both the neurocognitive effects and the effectiveness of
ECT are related in part to the stimulus parameters with
higher doses conferring increased adverse effects but perhaps
better response rates on the other hand. For example, 6 ×
seizure thresholds RUL-ECT can achieve results similar to
BL-ECT [50–53]. Following that rationale, the effectiveness
of MST could, theoretically, be improved by increasing the
stimulus’ dose, which can be achieved by administering
a larger number of pulses in the MST train. Early MST
equipment employed pulse frequencies of 40Hz to 50Hz and
train lengths of up to 8 seconds, for amaximumof 400 pulses.
Specific equipment, capable of delivering stimulus at 100Hz
and for up to 10 seconds (1000 pulses), was developed in order
to test such hypothesis [34]. Preclinical studies suggested that
HD-MSTdelivered under such parameters could be safe from

a cognitive point of view, with no histological damage, either
compared to low-dose MST, Sham, or ECS [36, 37, 39].

MST shows a considerable advantage over ECT on its
side effects profile and induced cognitive loss. Such difference
was evident from the early preclinical studies comparing it
to ECS, subjects showing significantly better cognitive scores
after MST than ECS. On human subjects, reorientation time
after MST ranges from 2 minutes to 8 minutes, while it takes
from 18 minutes to 26 minutes after ECT, a considerable
improvement. Other cognitive functions, such as retrograde
and anterograde memory, language, and praxis, seem to be
unaffected by MST. ECT, on the other hand, is notorious for
inducing cognitive loss, which might be its most significant
drawback.

Mood disorders are complex and varied in its symptoms
and characteristics. All clinical studies revised here focused
on depressive episodes and the majority of enlisted patients
suffered from MDD, with very few cases of BD. Considering
the challenges of treating depressive episodes in bipolar
disorder and the low number of approved effective treat-
ments, MST warrants further investigation as an alternative
treatment for such cases. Furthermore, all studies which
included BD patients included them on a sample majorly
composed of MDD patients; no study so far has focused on
bipolar depression specifically. Also, there are no reports of
MST for manic episodes of BD. Considering ECT’s record of
effectiveness on manic states, the use of MST on such cases
could be a focus for future research.

Being such a novel and still experimental technique,MST
studies suffer from small samples and low statistical power.
Also there is considerable variance in the MST technique
employed by the researchers, which is unsurprising, con-
sidering that commercially available MST devices have only
recently become available. However, there is little standard-
ization of anesthetic methods, rating scales, cognitive assess-
ments, and the protocol for ECT control. There is currently
only one double-blind randomized clinical trial comparing
the effectiveness and side effects of MST compared to ECT,
and all the others are either case reports, open-label studies,
or crossover studies. Future research, with larger samples,
of double-blind design, and more consistent methods will
allow for more statistic power and better understanding of
the technique.

The findings reported on this review suggest that MST
might be an effective and safe alternative for the treat-
ment of mood disorders, specifically on treatment-resistant
depression, with a safer and more tolerable side effects
profile than the current first choice, ECT. However, further
studies are necessary to improve the assessment of its poten-
tial effectiveness and expand current understanding of its
mechanisms.
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[16] A. Stoppe, M. Louzã, M. Rosa, G. Gil, and S. Rigonatti,
“Fixed high-dose electroconvulsive therapy in the elderly with
depression: a double-blind, randomized comparison of efficacy
and tolerability between unilateral and bilateral electrode place-
ment,” Journal of ECT, vol. 22, no. 2, pp. 92–99, 2006.

[17] S. H. Lisanby, J. H. Maddox, J. Prudic, D. P. Devanand, and
H. A. Sackeim, “The effects of electroconvulsive therapy on
memory of autobiographical and public events,” Archives of
General Psychiatry, vol. 57, no. 6, pp. 581–590, 2000.

[18] D. Rose, T. Wykes, M. Leese, J. Bindman, and P. Fleischmann,
“Patients’ perspectives on electroconvulsive therapy: systematic
review,” British Medical Journal, vol. 326, no. 7403, pp. 1363–
1365, 2003.

[19] S. C. Schulze-Rauschenbach, U. Harms, T. E. Schlaepfer, W.
Maier, P. Falkai, and M. Wagner, “Distinctive neurocognitive
effects of repetitive transcranial magnetic stimulation and
electroconvulsive therapy in major depression,” British Journal
of Psychiatry, vol. 186, pp. 410–416, 2005.

[20] H. A. Sackeim, J. Prudic, M. S. Nobler et al., “Effects of pulse
width and electrode placement on the efficacy and cognitive
effects of electroconvulsive therapy,” Brain Stimulation, vol. 1,
no. 2, pp. 71–83, 2008.

[21] A. Merkl, I. Heuser, and M. Bajbouj, “Antidepressant electro-
convulsive therapy: mechanism of action, recent advances and
limitations,” Experimental Neurology, vol. 219, no. 1, pp. 20–26,
2009.

[22] S. H. Lisanby, B. Luber, T. E. Schlaepfer, and H. A. Sackeim,
“Safety and feasibility of magnetic seizure therapy (MST) in
major depression: randomized within-subject comparison with
electroconvulsive therapy,” Neuropsychopharmacology, vol. 28,
no. 10, pp. 1852–1865, 2003.

[23] S. H. Lisanby, B. Luber, H. A. Sackeim, A. D. Finck, and C.
Schroeder, “Deliberate seizure induction with repetitive tran-
scranial magnetic stimulation in nonhuman primates,”Archives
of General Psychiatry, vol. 58, no. 2, pp. 199–200, 2001.

[24] Z.-D. Deng, S. H. Lisanby, and A. V. Peterchev, “Electric field
strength and focality in electroconvulsive therapy andmagnetic
seizure therapy: a finite element simulation study,” Journal of
Neural Engineering, vol. 8, no. 1, Article ID 016007, 2011.

[25] A. T. Barker, R. Jalinous, and I. L. Freeston, “Non-invasive
magnetic stimulation of human motor cortex,”The Lancet, vol.
1, no. 8437, pp. 1106–1107, 1985.

[26] B. Micallef-Trigona, “Comparing the effects of repetitive tran-
scranial magnetic stimulation and electroconvulsive therapy in



Neural Plasticity 9

the treatment of depression: a systematic review and meta-
analysis,” Depression Research and Treatment, vol. 2014, Article
ID 135049, 8 pages, 2014.

[27] J. L. Moreines, S. M. McClintock, and P. E. Holtzheimer,
“Neuropsychologic effects of neuromodulation techniques for
treatment-resistant depression: a review,”Brain Stimulation, vol.
4, no. 1, pp. 17–27, 2011.

[28] S. H. Lisanby, T. Moscrip, O. Morales, B. Luber, C. Schroeder,
and H. A. Sackeim, “Neurophysiological characterization of
magnetic seizure therapy (MST) in non-human primates,”
Supplements to Clinical Neurophysiology, vol. 56, pp. 81–99,
2003.

[29] A. Conca, P. König, and A. Hausmann, “Transcranial magnetic
stimulation induces ‘pseudoabsence seizure’,” Acta Psychiatrica
Scandinavica, vol. 101, no. 3, pp. 246–249, 2000.

[30] A. Pascual-Leone, C.M.Houser, K. Reese et al., “Safety of rapid-
rate transcranial magnetic stimulation in normal volunteers,”
Electroencephalography and Clinical Neurophysiology, vol. 89,
no. 2, pp. 120–130, 1993.

[31] E. M.Wassermann, L. G. Cohen, S. S. Flitman, R. Chen, andM.
Hallett, “Seizures in healthy people with repeated “safe” trains
of transcranial magnetic stimuli,”The Lancet, vol. 347, no. 9004,
pp. 825–826, 1996.

[32] H. A. Sackeim, “Magnetic stimulation and ECT,” Convulsive
Therapy, vol. 10, pp. 255–258, 1994.

[33] B. Luber, S. M. McClintock, and S. H. Lisanby, “Applications of
transcranialmagnetic stimulation andmagnetic seizure therapy
in the study and treatment of disorders related to cerebral
aging,” Dialogues in Clinical Neuroscience, vol. 15, no. 1, pp. 87–
98, 2013.

[34] S. B. Rowny, K. Benzl, and S. H. Lisanby, “Translational devel-
opment strategy for magnetic seizure therapy,” Experimental
Neurology, vol. 219, no. 1, pp. 27–35, 2009.

[35] T. D. Moscrip, H. S. Terrace, H. A. Sackeim, and S. H. Lisanby,
“A primate model of anterograde and retrograde amnesia
produced by convulsive treatment,” Journal of ECT, vol. 20, no.
1, pp. 26–36, 2004.

[36] T. Spellman, S. M. McClintock, H. Terrace, B. Luber, M.
M. Husain, and S. H. Lisanby, “Differential effects of high-
dose magnetic seizure therapy and electroconvulsive shock on
cognitive function,” Biological Psychiatry, vol. 63, no. 12, pp.
1163–1170, 2008.

[37] S. M. McClintock, N. K. DeWind, M. M. Husain et al., “Dis-
ruption of component processes of spatial working memory
by electroconvulsive shock but not magnetic seizure therapy,”
International Journal of Neuropsychopharmacology, vol. 16, no.
1, pp. 177–187, 2013.

[38] A. J. Dwork, V. Arango, M. Underwood et al., “Absence of
histological lesions in primate models of ECT and magnetic
seizure therapy,”TheAmerican Journal of Psychiatry, vol. 161, no.
3, pp. 576–578, 2004.

[39] A. J. Dwork, J. R. Christensen, K. B. Larsen et al., “Unaltered
neuronal and glial counts in animal models of magnetic seizure
therapy and electroconvulsive therapy,” Neuroscience, vol. 164,
no. 4, pp. 1557–1564, 2009.

[40] S. H. Lisanby, T. E. Schlaepfer, H. U. Fisch, and H. A. Sackeim,
“Magnetic seizure therapy of major depression,” Archives of
General Psychiatry, vol. 58, no. 3, pp. 303–305, 2001.

[41] M. Kosel, C. Frick, S. H. Lisanby, H.-U. Fisch, and T. E.
Schlaepfer, “Magnetic seizure therapy improvesmood in refrac-
tory major depression,” Neuropsychopharmacology, vol. 28, no.
11, pp. 2045–2048, 2003.

[42] S. H. Lisanby, “Update on magnetic seizure therapy: a novel
form of convulsive therapy,” The Journal of ECT, vol. 18, no. 4,
pp. 182–188, 2002.

[43] P. F.White, Q. Amos, Y. Zhang et al., “Anesthetic considerations
for magnetic seizure therapy: a novel therapy for severe depres-
sion,” Anesthesia and Analgesia, vol. 103, no. 1, pp. 76–80, 2006.

[44] S. Kayser, B. H. Bewernick, C. Grubert, B. L. Hadrysiewicz,
N. Axmacher, and T. E. Schlaepfer, “Antidepressant effects,
of magnetic seizure therapy and electroconvulsive therapy, in
treatment-resistant depression,” Journal of Psychiatric Research,
vol. 45, no. 5, pp. 569–576, 2011.

[45] P. B. Fitzgerald, K. E. Hoy, S. E. Herring, A. M. Clinton, G.
Downey, and Z. J. Daskalakis, “Pilot study of the clinical and
cognitive effects of high-frequency magnetic seizure therapy in
major depressive disorder,” Depression and Anxiety, vol. 30, no.
2, pp. 129–136, 2013.

[46] K. E. Hoy, R. H. Thomson, M. Cherk, K. S. K. Yap, Z. J.
Daskalakis, andP. B. Fitzgerald, “Effect ofmagnetic seizure ther-
apy on regional brain glucose metabolism inmajor depression,”
Psychiatry Research—Neuroimaging, vol. 211, no. 2, pp. 169–175,
2013.

[47] G. Kirov, K. P. Ebmeier, A. I. F. Scott et al., “Quick recovery of
orientation after magnetic seizure therapy for major depressive
disorder,” British Journal of Psychiatry, vol. 193, no. 2, pp. 152–
155, 2008.

[48] S. Kayser, B. H. Bewernick, R. Hurlemann, M. Soehle, and T.
E. Schlaepfer, “Comparable seizure characteristics in magnetic
seizure therapy and electroconvulsive therapy formajor depres-
sion,” European Neuropsychopharmacology, vol. 23, no. 11, pp.
1541–1550, 2013.

[49] J. D. Polster, S. Kayser, B. H. Bewernick, R. Hurlemann, and T. E.
Schlaepfer, “Effects of electroconvulsive therapy and magnetic
seizure therapy on acute memory retrieval,”The Journal of ECT,
2014.

[50] H. A. Sackeim, J. Prudic, D. P. Devanand et al., “A prospective,
randomized, double-blind comparison of bilateral and right
unilateral electroconvulsive therapy at different stimulus inten-
sities,”Archives of General Psychiatry, vol. 57, no. 5, pp. 425–434,
2000.

[51] H. A. Sackeim, B. Luber, J. R. Moeller, J. Prudic, D. P. Devanand,
andM. S. Nobler, “Electrophysiological correlates of the adverse
cognitive effects of electroconvulsive therapy,” Journal of ECT,
vol. 16, no. 2, pp. 110–120, 2000.

[52] H. A. Sackeim, J. Prudic, D. P. Devanand et al., “Effects of
stimulus intensity and electrode placement on the efficacy and
cognitive effects of electroconvulsive therapy,”TheNew England
Journal of Medicine, vol. 328, no. 12, pp. 839–846, 1993.

[53] A. Quante, A. Luborzewski, E.-L. Brakemeier, A. Merkl, H.
Danker-Hopfe, and M. Bajbouj, “Effects of 3 different stimulus
intensities of ultrabrief stimuli in right unilateral electroconvul-
sive therapy in major depression: a randomized, double-blind
pilot study,” Journal of Psychiatric Research, vol. 45, no. 2, pp.
174–178, 2011.



Review Article
The Potential Role of the NLRP3 Inflammasome as
a Link between Mitochondrial Complex I Dysfunction and
Inflammation in Bipolar Disorder

Helena Kyunghee Kim,1 Wenjun Chen,1 and Ana Cristina Andreazza1,2,3

1Department of Pharmacology and Toxicology, University of Toronto, 1 King’s College Circle, Toronto, ON, Canada M5S 1A8
2Department of Psychiatry, University of Toronto, 1 King’s College Circle, Toronto, ON, Canada M5S 1A8
3Centre of Addiction and Mental Health, 250 College Street, Toronto, ON, Canada M5T 1R8

Correspondence should be addressed to Ana Cristina Andreazza; ana.andreazza@utoronto.ca

Received 6 August 2014; Accepted 6 November 2014

Academic Editor: Rodrigo Machado-Vieira

Copyright © 2015 Helena Kyunghee Kim et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Mitochondrial dysfunction and activation of the inflammatory system are two of the most consistently reported findings in bipolar
disorder (BD). More specifically, altered levels of inflammatory cytokines and decreased levels of mitochondrial complex I subunits
have been found in the brain and periphery of patients with BD, which could lead to increased production ofmitochondrial reactive
oxygen species (ROS). Recent studies have shown that mitochondrial production of ROS and inflammation may be closely linked
through a redox sensor known as nod-like receptor pyrin domain-containing 3 (NLRP3). Upon sensing mitochondrial release of
ROS, NLRP3 assembles the NLRP3 inflammasome, which releases caspase 1 to begin the inflammatory cascade. In this review, we
discuss the potential role of the NLRP3 inflammasome as a link between complex I dysfunction and inflammation in BD and its
therapeutic implications.

1. Introduction

Bipolar disorder (BD) is the sixth leading cause of disability
worldwide (WHO) with a chronic course, where 25–50%
of patients with BD attempt suicide and 50–67% of the
patients experience at least one relapse [1]. Despite the urgent
need to develop more effective treatments for this disorder,
progress has been limited due to a lack of understanding of
its pathology.

A growing number of studies are demonstrating mito-
chondrial dysfunction, especially that of complex I and
inflammation in patients with BD [2–7]. For example, a
recent review examining microarray findings in BD reported
a decrease in complex I subunits that are responsible for
transportation of electrons in patients with BD, which could
result in increased leakage of electrons and production of
reactive oxygen species (ROS) [6]. Altered levels of inflam-
matory cytokines were also shown in the brain and periphery
of patients with BD, including IL-6, TNF𝛼, IFN-𝛾, and

IL-1𝛽, suggesting that activation of the inflammatory system
may also play a role in the pathophysiology of BD. Recent
studies suggest that mitochondrial production of ROS may
be linked to inflammatory activation [8, 9]. In fact, inhibition
of complex I and subsequent increase in ROS production
lead to increased levels of inflammatory factors such as IL-1𝛽,
caspase 1, and NF-𝜅B [9, 10].

A potential link between mitochondrial dysfunction and
inflammation may be the nod-like receptor pyrin domain-
containing 3 (NLRP3) inflammasome, which is a redox
sensor that can potentiate the activation of the inflammatory
cascade by releasing caspase 1. Indeed, complex I inhibition
resulted in the activation of the NLRP3 inflammasome,
and decreasing mitochondrial ROS production was able to
eliminate inflammasome activation [9, 11].Therefore, the aim
of this review is to explore the link between mitochondrial
generation of oxidative stress and inflammation in BD, with
a focus on the NLRP3 inflammasome.
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2. BD and Mitochondrial Dysfunction:
A Brief Overview

Mitochondria are energy producing organelles in the cell
that generate ATP by transporting electrons through electron
transport chain (ETC) complexes I-V.Moreover, they regulate
calcium levels and apoptotic processes. Mitochondria are
also the main producers of ROS [12]. Complex I, which is
responsible for oxidizing NADH and transferring electrons
to ubiquinone [13], contains four main subcomplexes: 𝛾, 𝛽,
𝛼-𝜆, and 𝜆 that regulate its activity and ROS generation [14].
The 𝛼-𝜆 and 𝜆 subcomplexes are located on the hydrophilic
arm of complex I, which is responsible for electron transfer,
and 𝛾 and 𝛽 subcomplexes are located at the hydrophobic
arm, which is responsible for proton pumping [13]. A recent
review of microarray studies revealed that patients with BD
have decreasedmRNA levels of iron-sulfur cluster containing
subunits in the hydrophilic portions that are specifically
involved in electron transfer, including NDUFV1, NDUFS1,
NDUFS8, and NDUFS7 [6, 15]. On the other hand, the same
review revealed that while patients with SCZ have some
alterations in mRNA levels of complex I subunits, they do
not have alterations in the subunits that are directly involved
in the electron transfer process [6, 16, 17]. In support of the
microarray findings, decreased protein levels of NDUFS7 and
complex I activity were also reported in patients with BD
[7, 18]. These findings suggest that patients with BD may be
more vulnerable to having increased levels of electron leakage
compared to the normal population or patients with SCZ [6].
Leaked electrons from complex I can react with molecular
oxygen to produce the superoxide anion, which can escape
the mitochondria to undergo a series of reactions to form
powerful ROS such as the hydroxyl radical [12]. Oxidative
damage to lipids, DNA, and proteins in patients with BD
is some of the most consistently reported alterations in BD,
which is in agreement with these findings [2, 3, 19].

Superoxide anion and other ROS also play important
roles as signaling molecules in the cell through redox sen-
sors that undergo conformational changes, oligomerization,
and/or translocation upon detecting ROS or downstream
products of ROS release [20]. Nrf2, for example, migrates to
the nucleus upon sensing ROS production, and thioredoxin
undergoes a structural change upon being modified by ROS
[20]. Recent studies have demonstrated that mitochondria
may be a potent activator of the immune system through its
ability to generate ROS and its interaction with redox sensors
in the inflammatory system, such as NLRP3 [8, 9]. These
findings suggest that mitochondrial dysfunction in BD may
at least be partly responsible for cytokine activation in the
central nervous system (CNS) and periphery of patients with
BD.

3. BD and Inflammation

Alterations in the inflammatory pathway in patients with
BD have been reported since 1995, when Maes et al. [21]
found increased sIL-6R and sIL-2R levels in patients with
mania. Indeed, medical complications related to activation

of the inflammatory system such as cardiovascular diseases,
diabetes, and obesity are frequently diagnosed in patients
with BD [22–24]. Furthermore, patients with BD generally
have an earlier onset of cardiovascular diseases [22]. Such
findings have inspired themicroglial theory, which states that
proinflammatory cytokines produced as a result of microglial
activation result in disruption of neuroprotective functions,
leading to increased vulnerability in BD [23].

Majority of the studies examining inflammation in BD
have focused on peripheral samples such as plasma and
serum [25–47]. A summary of the findings discussed here
can be found in Tables 1, 2, 3, and 4. Multiple studies have
reported increased levels of sIL-2R, sIL-6R, TNF-𝛼, sTNFR1,
IL-1, ILl-12, and TGF-b in BD, while mixed results have been
reported for other inflammatory factors, including IL-4, IL-
2, IL-8, and IFN-𝛾 [25, 27, 30, 32, 38, 40, 42, 44–47]. In this
review, we will focus on TNF-𝛼 and IL-6 for the periphery
and the IL-1 pathway for the CNS, as these factors have been
consistently reported to be altered in patients with BD.

Despite the large number of studies examining inflam-
mation in BD, there is a lack of agreement regarding the
direction of alteration and the cytokines which are altered
[23]. However, TNF-𝛼 and related factors such as sTNFR1
(soluble tumor necrosis factor receptor-1) have been con-
sistently found to be elevated in the periphery of patients
with BD [26, 29, 32, 35, 37, 40–42, 44–47]. TNF-𝛼 is proin-
flammatory cytokine, which is produced mainly by activated
macrophages, CD4+ lymphocytes, and natural killer cells
[48, 49]. Upon binding to its receptors, TNFR1 and TNFR2,
TNF-𝛼 can trigger the activation of NF-𝜅B and MAPK
pathways [45, 50].

IL-6, which is a proinflammatory cytokine secreted by
T cells and macrophages, was also found to be increased in
peripheral samples from patients with BD in the majority
of studies that were examined in this review. Indeed, IL-6 is
one of the cytokines most commonly reported to be altered
in BD [29, 31, 32, 40, 42]. IL-6 can mediate fever and acute
phase responses. It can also cross the blood brain barrier and
trigger the activation of prostaglandin synthesis, which has
been implicated in BD [51].

To our knowledge, only three studies have examined
inflammation in the CNS in BD [50, 52, 53]. Dean et al. [50]
focused on TNF-𝛼 related factors and pathways in different
brain areas (BA24 and BA46) using postmortem brain.
Increased concentration of tmTNF-𝛼 was observed in BA24
for BD, but not in BA46. TNFR2 was found to be decreased
in BD subjects [50]. Rao and colleagues [52] focused on
the IL-1 pathway and markers of microglial activation using
postmortem prefrontal cortex from patients with BD. Higher
protein and mRNA levels of IL-1𝛽, IL-1R, and MyD88 and
microglial/astrocyte markers GFAP and iNOS were found in
patients with BD [52]. This was in contrast to Dean et al.
[50] who could not detect IL-1𝛽 in their samples [50].
Findings from Söderlund and others [53] were consistent
with Rao et al.’s study [52], showing elevated IL-1𝛽 levels in
the cerebral spinal fluid (CSF) of patients with BD compared
to healthy controls. Also, patients who recently had manic or
hypomanic episodes showed elevated IL-1𝛽 levels compared
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Table 2: Characteristics of studies examining inflammatory cytokines in the central nervous system of patients with BD.

Author name Article
year Sample size Sample Technique used Cytokines examined

Rao et al. [52] 2010 10 BD, 10 control
Postmortem frontal
cortex BA 24 and BA

46

Western plot, RT PCR,
immunohistochemistry

NMDA receptors, NR-1 and
NR-3A, IL-1𝛽, IL-1R,

MyD88, NF-kB (p50, p65),
GFAP, iNOS, c-fos and
CD11b, TNF𝛼, neuronal

nNOS,

Söderlund et al.
[53] 2011

BD euthymic patients,
r type I (𝑛 = 15) or
type II (𝑛 = 15)

CSF
An immunoassay-based
protein array multiplex

system
IL-1b, IL-6,

Dean et al. [50] 2013 10 MDD, 10 BD, 19
SZ, 30 control

Postmortem CNS
tissue, BA24 and

BA46
Western plot, RT PCR

tmTNF-a, sTNF-a, TNF
mRNA, TNFR1, TNFR2,
IL-1beta, synaptophysin,
PSD95, GFAP43, GFAP41,

CD11b and pro-IL1B

to those who did not [53]. Alterations in cytokine balance
in the brain can lead to changes in neurotransmitter levels
including dopamine [54, 55], causemicroglial activation [56],
and activate apoptotic processes [3, 57], all of which have been
reported in patients with BD [3, 52, 58].

Interestingly, there has been a lack of agreement between
the results found in peripheral samples and the CNS. For
example, while TNF-𝛼 levels are not reported to differ
between patients with BD and nonpsychiatric controls in
the CNS, its levels are consistently reported to be altered in
patients with BD using peripheral samples [29, 32, 35, 37, 40,
42, 47, 50, 52]. Moreover, while increased levels of cytokines
in the IL-1 pathway have been reported in the central
nervous system, studies examining peripheral samples have
not reported alterations in this pathway [23, 40, 42, 47, 52, 53].
The difference between cytokine pathways activated in the
periphery and the CNS in BD may be due to the presence of
diseases that affect the periphery to a greater extent than the
CNS, such as atherosclerosis [24].The different immune cells
that reside in the brain and outside of the blood brain barrier
may also be underlying the differences in cytokine profile.
On the other hand, the fact that inflammatory activation is
found both in the CNS and periphery of patients with BD
suggests that the same underlying factor may be causing their
activation. Decreased expression of complex I subunits and
subsequent generation of mitochondrial ROS may underlie
activation of central and peripheral immune cells through the
NLRP3 inflammasome [9] (Figure 1).

4. The NLRP3 Inflammasome

Recently, studies have shown that oxidative stress and mito-
chondrial dysfunction have important roles in regulating
immune cells of the CNS and the periphery [59]. NLRP3 is
a pattern recognition receptor in the inflammatory system
that was shown to act as a redox sensor [9]. Cytosolic
and membrane-associated pattern recognition receptors can
detect danger signals induced by physical and psychological
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Figure 1: Mitochondrial complex I dysfunction in patients with
BD could lead to increased release of superoxide anions, resulting
in greater reactive oxygen species (ROS) production. This release
of ROS causes a conformational change in NLRP3 such that the
pyrin domain (PYD) becomes available recruit ASC.The combining
of NLRP3 and ASC that allows for the recruitment of caspase 1
(csp1) through ASC’s CARD domain, causing the formation of the
NLRP3 inflammasome. The inflammasome then migrates to the
mitochondria, allowing it to be close to the site of damage. Activated
NLRP3 inflammasome releases caspase 1 into the cytosol, which
then cleaves and activates two downstream cytokines, Il-1beta and
Il-18, causing them to be released into the extracellular space. These
two cytokines cause the activation of downstream pathways, which
may differ depending on the type of immune cell. Indeed, NLRP3
inflammasome activation may underlie the different patterns of
cytokine activation observed in the brain and peripheral samples of
patients with BD, where alterations in cytokines pertaining to the
IL-1 pathway have been reported for the brain, while a more general
pattern of cytokine activation involving IL-6 and TNF-alpha has
been reported in the periphery. Cytokine activation in the periphery
can lead to various immune disorders, including cardiovascular
disease and diabetes, while, in the brain, it could lead to alterations
in neurotransmitters and neurodegeneration.
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Table 4: Summary of findings from studies examining cytokine
alterations in the central nerve system of patients with bipolar
disorder.

Outcome 𝑁 studies BD vs. controls References
NR-1 (mRNA and
Protein) 1 + [52]

NR-2A (mRNA
and Protein) 1 + [52]

IL-1𝛽 (mRNA and
Protein) 3 + [50, 52, 53]

IL-1R (mRNA and
Protein) 1 + [52]

MyD88 (mRNA
and Protein) 1 + [52]

GFAP (mRNA and
Protein) 2 + [50, 52]

iNOS (mRNA and
Protein) 1 + [52]

TNF𝛼 2 + [50, 52]
IL-6 1 − [53]
tmTNFa 1 + (at BA 24) [50]
Astrocyte 1 + [52]
Microglia markers 1 + [52]
TNFR2 1 − [50]

stress [60]. Membrane associated pattern recognition recep-
tors include toll-like receptors that recognize pathogen asso-
ciated molecular patterns (PAMPs) and damage-associated
molecular patterns (DAMPs), which then leads to the release
of proinflammatory cytokines such as IL-1𝛽, TNF-𝛼, and IL-6
[61]. Cytosolic pattern recognition receptors include NOD-
like receptors, RIG-like receptors, and DNA sensors [62].
NLRP3 is the most widely studied receptor in the NOD-like
receptor family [61]. NLRP3 contains a pyrin domain, a C-
terminal leucine-rich domain, and a central nucleotide bind-
ing domain [61, 63]. NLRP3 is implicated in a wide variety of
inflammatory conditions as it is activated by many different
triggers including microbial infection, lipopolysaccharide,
tissue damage, ATP, nigericin, and monosodium urate [64,
65]. When NLRP3 is inactive, it resides in the cytoplasm with
its leucine-rich domain bound to the central nucleotide bind-
ing domain, preventing oligomerization [64]. Upon activa-
tion, NLRP3 migrates to the mitochondria associated endo-
plasmic reticulum membranes and the mitochondria [9].
This was demonstrated by increased colocalization between
NLRP3 and mitotracker, which is a fluorescent marker for
the mitochondria, and increased levels of NLRP3 in the
mitochondrial fraction as well as mitochondria-associated
membranes following NLRP3-inflammasome activation [9].
Since ROS are highly reactive and can only travel short
distances, it would be ideal for NLRP3 to be localized
the mitochondria where ROS is released [9, 66]. However,
more studies are needed to test the generalizability of these
findings in different systems and in humans. Activation
of NLRP3 also causes NLRP3 oligomerization and recruit-
ment of apoptosis-associated speck-like protein containing

a CARD (ASC) through pyrin-pyrin domain interaction
[9]. Procaspase 1 is also recruited through a CARD-CARD
interaction between ASC and procaspase 1, completing the
process of NLRP3 inflammasome assembly and activation
[63]. NLRP3 inflammasome then releases caspase 1, also
known as IL-1𝛽 converting enzyme. Caspase 1 cleaves pro-
IL-1𝛽 and pro-IL-18 to their mature biologically active forms
[67]. IL-1𝛽 is then released from the cells and binds to
the IL-1 type-I receptor, a plasma membrane receptor, and
IL-1 receptor-accessory protein to trigger the inflammatory
cascade involving downstream signaling molecules such as
MYD88 and NF-𝜅B [68]. This leads to increased expression
and activation of other inflammatory mediators such as IL-6,
TNF-𝛼, and prostaglandin E2 [69, 70].

5. Mitochondrial Dysfunction and
the NLRP3 Inflammasome

Since many different PAMPs and DAMPs can activate
NLRP3, it is unlikely that its ligand binding site recognizes
all the molecules known to trigger the assembly of the
NLRP3 inflammasome [71]. Mitochondrial dysfunction and
subsequent production of ROS have received much attention
as the common pathway by which different PAMPs and
DAMPs trigger inflammasome activation [8, 9, 11, 72]. For
example, addition of rotenone, a complex I inhibitor, induces
a dose-dependent increase in IL-1𝛽 secretion [73], while
in Nlrp3 KO mice, the addition of a mitochondrial ETC
inhibitor fails to increase IL-1𝛽 and caspase 1 release [9]. Fur-
thermore, inhibiting liposome-induced mitochondrial ROS
release was followed by a decrease in the level of NLRP3-
inflammasome activation [11]. While the exact pathway
by which mitochondrial ROS leads to NLRP3 inflamma-
some activation and assembly remains elusive, two possible
mechanisms have been proposed: thioredoxin-interacting
protein- (TXNIP-) NLRP3 interaction and mitochondrial
DNA (mtDNA) release [9, 65].

TXNIP is a tumor suppressor gene and its primary role
is to inhibit the redox protein thioredoxin to suppress cell
proliferation [9, 74]. Mitochondrial ROS production causes
the dissociation between TXNIP and thioredoxin in the
mitochondria, causingmigration of TXNIP to the cytoplasm,
which allows it to directly bind and activate cytoplasmic
NLRP3 [74]. Zhou et al. (2011) showed that inflammation
stimulating substances such as monosodium urate (MSU),
silica, and ATP produce significantly less caspase 1 and
IL-1𝛽 in TXNIP deficient mice, indicating decreased level
of NLRP3-inflammasome activation [9]. In addition, in a
high glucose concentration environment, islet cells from
Txnip−/− and Nlrp3−/− mice showed reduced level of IL-1𝛽
secretion compared to wild-type mice [9]. TXNIP was also
observed to be increased in patients with type II diabetes by
a number of different studies [75–77]. Patients with BD are
three times more likely to be diagnosed with type II diabetes
compared to the general population [78], suggesting that
NLRP3 inflammasome activation mediated by TXNIP could
be underlying increased peripheral andCNS inflammation in
patients with BD.
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Another potential mediator between mitochondrial ROS
and NLRP3 inflammasome assembly is mtDNA. The role
of mtDNA release from the mitochondria to the cytoplasm
in NLRP3-inflammasome activation has been suggested fol-
lowing the observation that mtDNA directly binds and acti-
vates the NLRP3-inflammasome [10, 79]. Opening of mito-
chondrial membrane permeability transition pores (MPTs),
which allows for mtDNA to escape the mitochondria, is
often preceded by mitochondrial ROS production [80]. Also,
adding ATP and lipopolysaccharide, which are two well-
known stimulators of the NLRP3-inflammasome, increases
mitochondrial ROS production and oxidized mtDNA levels
in NLRP3 immunoprecipitates [79]. Importantly, it was also
found that adding NLRP3 stimuli into cells lacking mtDNA
(p0 cells) does not result in IL-1𝛽 secretion [79], and that the
addition of mito-TEMPO, a mitochondrial-ROS scavenger,
to bone marrow derived macrophages inhibits IL-1𝛽 and IL-
18 secretion in a dose-dependent manner [81, 82]. Further-
more, preventing the opening of MPTs through the addition
of cyclosporine A and thereby preventing mtDNA release
inhibit LPS- and ATP-induced IL-1𝛽 secretion [10].

While the exact mechanism for how mitochondrial dys-
function triggers the assembly of the NLRP3 inflammasome
remains to be elucidated, recent studies suggest that release
of mitochondrial ROS plays a significant role in this pathway,
either through activation of an intermediate redox sensor,
such as TXNIP, or by activating apoptotic pathways causing
the opening of MPTs [9, 10]. These findings suggest that
amelioration of mitochondrial ROS production may aid in
decreasing NLRP3-inflammasome activation, which could
contribute to decreasing cytokine release in patients with BD.

6. Perspectives

With the discovery of immunological alterations in BD,
much attention has been given to the possibility of imple-
menting anti-inflammatory agents to treat symptom severity
and cognitive decline [24]. An anti-inflammatory drug that
was examined in patients with BD is celecoxib, which is
a cyclooxygenase-2 inhibitor. Studies performed on rats
showed that celecoxib can decrease IL-1𝛽 concentration in
the hypothalamus, prefrontal cortex, and the hippocampus
[83, 84]. Celecoxib was also shown to have a significant
antidepressant effect in patientswith BD, suggesting that anti-
inflammatory medications targeting IL-1𝛽 may be helpful
for patients with BD [85]. Aspirin (acetylsalicylic acid),
which also inhibits the activity of cyclooxygenase 2 as well
as cyclooxygenase 1, is also receiving much attention as a
potential treatment option for bipolar depression [86, 87].
Cyclooxygenase enzymes are involved in the arachidonic acid
cascade, which can lead to the activation of neuroinflamma-
tion pathways [88, 89]. Indeed, low-dose aspirin was found to
decrease medication events (change in type of drug, increase
in dose, or the number of prescribed drugs) in patients
with BD, suggesting that aspirin may aid in stabilizing the
symptoms [87].

Since NLRP3 inflammasome is strongly linked to
mitochondrial dysfunction and subsequent production of

ROS, improving mitochondrial function may contribute
to decreasing inflammation in BD. A potential treatment
is melatonin, which is a well-established antioxidant and
an anti-inflammatory agent that was also demonstrated
to target and accumulate in the mitochondria, improve
mitochondrial respiration, and inhibit lipopolysaccharide-
induced cytokine release [90, 91]. Interestingly, melatonin
was found to be decreased in patients with BD, which may
underlie disruptions in sleep patterns frequently observed
in these patients. These findings suggest that melatonin
may aid in decreasing mitochondrial ROS production and
subsequent NLRP3 inflammasome activation in BD.

7. Conclusion

Mitochondrial complex I dysfunction and chronic inflamma-
tion are two of themost consistent findings in BD [2, 3].Mito-
chondria are potent activators of the immune system, and
this may occur in part through the NLRP3 inflammasome,
which is assembled and activated following mitochondrial
release of ROS [9]. Since complex I dysfunction in BD
could lead to increased production of mitochondrial ROS,
NLRP3 inflammasome mediated activation of the inflam-
matory system may underlie increased cytokine release in
the CNS and periphery of patients with BD. Future studies
examining the role of the NLRP3 inflammasome in BD will
contribute to elucidating the link between two prominent
pathophysiological alterations in this disorder, which may
reveal pathways that can be used for the development of
novel therapeutic interventions that can target both systems
to improve symptomatology and cognitive functioning.
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The neurobiology of mood states is complicated by exposure to everyday stressors (e.g., psychosocial, ubiquitous environmental
infections like CMV), each fluctuating between latency and reactivation. CMV reactivation induces proinflammatory cytokines
(e.g., TNF-𝛼) associated with induction of neurotoxic metabolites and the presence of mood states in bipolar disorder (BD).
Whether CMV reactivation is associated with bipolar diagnoses (trait) or specific mood states is unclear. We investigated 139 BD
type I and 99 healthy controls to determine if concentrations of IgG antibodies to Herpesviridae (e.g., CMV, HSV-1, and HSV-
2) were associated with BD-I diagnosis and specific mood states. We found higher CMV antibody concentration in BD-I than in
healthy controls (T

234

= 3.1, 𝑃uncorr = 0.002; 𝑃corr = 0.006) but no difference in HSV-1 (𝑃 > 0.10) or HSV-2 (𝑃 > 0.10). Compared to
euthymic BD-I volunteers, CMV IgG was higher in BD-I volunteers with elevated moods (𝑃 < 0.03) but not different in depressed
moods (𝑃 > 0.10). While relationships presented between BD-I diagnosis, mood states, and CMV antibodies are encouraging,
they are limited by the study’s cross sectional nature. Nevertheless, further testing is warranted to replicate findings and determine
whether reactivation of CMV infection exacerbates elevated mood states in BD-I.

1. Introduction

Bipolar disorder (BD) a mood disorder characterized by
the presence of elevated, irritable, or mixed mood episodes
frequently interspersed with episodes of depression affects
approximately 2-3% of the population [1–3]. Despite sub-
stantial individual and societal impact, knowledge of the
biological processes underlying and driving mood states
in BD is limited. Revealing associations between biological
factors and both mood traits and states will set a trajectory
for understanding the pathophysiology of moods and in
developing novel, more efficacious intervention strategies in
BD.

Ubiquitous environmental infections (e.g., Herpesviridae
including cytomegalovirus; CMV) and associated human

immune responses fluctuate between latency and reactivation
in humans, potentially triggered by psychosocial stressors [4–
6]. Viruses may facilitate exacerbation of psychiatric disease
pathology through various mechanisms, including induction
of inflammatory factors (e.g., TNF-𝛼, IL-6, etc.) [7] or via
direct interactions with specific illness susceptibility genes. A
recent preliminary fMRI study of pediatric bipolar disorder
may suggest a mechanism whereby alterations in TNF-𝛼
related processes could impact some of the symptoms in
BD-I. In this study, Barzman et al. identified correlations
between 11 TNF-𝛼 related gene expressions and activation
within the amygdala or anterior cingulate cortex during the
affective Posner task [8]. Evidence from recent studies in BD
also shows that TNF-𝛼 is higher in BD volunteers compared
to healthy control volunteers [9, 10]. Further, as outlined in
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a review by Brietzke et al., existing evidence suggests that
TNF-𝛼 is higher in themidstmood episodes in BD volunteers
as compared to healthy control volunteers [10, 11].

Amongst the potential viral candidates, the herpesvirus
family has received themost attention. CertainHerpesviridae
(e.g., HSV-1) have been associated with clinical features of BD
[12], but to date, no studies have determined whether CMV is
associated with the presence of either mania or depression in
BD. However, evidence from volunteers with schizophrenia,
a psychiatric illness sharing certain clinical and biological
features with BD (see review by Prossin and colleagues)
[13], suggests that Cytomegalovirus (CMV) may interact with
certain high risk genetic loci to precipitate schizophrenia
illness [14–18].

Following the diathesis-stressmodel of disease [19], expo-
sure to environmental stressors (psychosocial, behavioral,
and biological) could potentially increase risk for psychiatric
illness, particularly in individuals at high genetic risk for
that illness [20, 21]. However, while knowledge of behavioral
phenotype in BD has grown [22], facilitating development of
more efficacious behavioral interventions (e.g., interpersonal
and social rhythm therapy) [23], the biologically based
environmental factors contributing to BD remain elusive.
Discovery of such factors will facilitate development of novel,
personalized, immune-based treatment strategies in this
debilitating, life-threatening illness. Here, in cross sectional
analyses of volunteers enrolled in a longitudinal study of
bipolar disorder, we test our hypotheses that BD volunteers
have higher Herpesviridae (e.g., CMV, HSV-1, and HSV-2)
IgG concentrations compared to healthy control volunteers
and that concentration of these antibodies is associated
with common behavioral phenotypes in BD, elevated and/or
depressed mood state(s).

2. Materials and Methods

The study was approved by the University of Michigan In-
vestigational Review Board. Written informed consent was
obtained from all study participants.

We randomly selected 238 volunteers between 18 and 65
years of age from the Prechter Bipolar Longitudinal Study
(139 with BD-I and 99 healthy controls). Volunteers either
met DSM IV [24] criteria for BD-I (at least one prior primary
manic and/ormixed episode) (with orwithout comorbid sub-
stance use, other psychiatric disorders) or were healthy con-
trols, withoutmental health diagnoses (on either axis I or axis
II) [24]. DSM IV [24] diagnoses were assessed using theDiag-
nostic Inventory for Genetic Studies (DIGS) [25]. Following
the diagnostic interview, all volunteers, provided they do not
withdraw consent, remain in the Prechter Bipolar Longitudi-
nal Study regardless of the diagnosis(es) determined. For the
current study, we selected 238 volunteers who were actively
participating in the Prechter Longitudinal Study. Prechter
Bipolar Longitudinal Study volunteers routinely return to the
research center for follow-up assessments, including longitu-
dinal diagnostic confirmation and mood assessments. Upon
their return to the center, subjects were chosen for the current
study based on their availability/consent for blood sampling
on a first come first serve basis and within a limited time

frame. All volunteers for the current study, including both
healthy control volunteers and BD-I volunteers, were actively
participating in the Prechter Bipolar Longitudinal Study.

Additional mood measures including Hamilton Depres-
sion Rating Scale (HDRS) [26] andYoungMania Rating Scale
(YMRS) [27] were completed during assessments, consistent
with time of blood sampling. The YMRS and HDRS were
dichotomized into clinically elevated mood (YMRS > 7),
clinically depressed mood (HDRS > 7), and clinically mixed
mood (YMRS > 7 and HDRS > 7).

Overall, the mean age of volunteers was 36 ± 14 years of
age. Study entry was not constrained by either body mass
index (BMI) or sex. Based on evidence implicating their
potential impact on immune functioning these variables were
entered into analyses to test for individual effects of age, sex,
or BMI on CMV IgG. Diagnostic breakdown of anthropo-
metric and sociodemographic variables is included in Table 1.
Whether or not patients were treated with psychotropicmed-
ications (i.e., lithium, lamotrigine, valproate, carbamazepine,
atypical antipsychotic, or antidepressant medication) was
included in analyses as a dichotomous variable, medication
usage.

Whole venous blood was sampled following completion
of psychiatric assessments at 1 PM (±1 hour). Samples
were centrifuged for 15 minutes at 4750 rpm and plasma
was extracted and stored at −80∘C. Serology assessments
were performed at the Stanley Neurovirology Laboratory
(Johns Hopkins University School of Medicine, Baltimore,
MD). CMV IgG antibody concentrations were expressed
quantitatively as both continuous (e.g., concentration) and
dichotomous (e.g., seropositive, seronegative)measures, each
derived via comparisons to standard samples run concur-
rently in each assay, as previously described [28]. Similar pro-
cesses were completed for quantification of Herpes Simplex
VirusType I (HSV-1) andHerpes SimplexVirusType 2 (HSV-
2).

3. Data Analytic Plan

SPSS Statistics software version 21 (IBM Inc., Chicago, IL)
was used to plot the data, rule out the presence of out-
liers, and perform additional statistical analyses. Medica-
tion usage (described above) was used to rule out overt
effects of psychotropic medications on CMV IgG. Planned
analyses included usage of independent samples T-tests to
detect diagnostic differences in viral antibody concentrations
(CMV, HSV-1, and HSV-2). Subsequent analyses used sepa-
rate independent samples T-tests to identify whether CMV
antibody concentrations were higher in BD-I volunteers
in the midst of a mood episode (i.e., with or without a
depressed mood episode, with or without a manic mood
episode) while controlling for covariates (age, sex, race, and
BMI). Subsequently, we used the Pearson chi-squared test, to
show that CMV antibody status was similar in BD-I groups
with and without current psychotropic treatment. Separate
Spearman correlation analyses (and independent samples T-
testing) tested for the presence of linear relationships between
CMV antibody concentrations and either age, BMI, sex, or
medication treatment, all factors potentially associated with
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Table 1: Here we provide demographic and anthropometric information on study volunteers.

Diagnosis
Age Sex Race Body mass index

(BMI)

Mean ± SD
(𝑛 = 237)

Male
(𝑛 = 101)

Female
(𝑛 = 137)

American
Alaskan
Native

Asian
Black
African
American

White
Caucasian

More
than one
race

Unknown Mean ± SD
(𝑛 = 130)

Bipolar disorder
type I

39 ± 13

(𝑛 = 138)
37%

(𝑛 = 52)
63%

(𝑛 = 87)
0.7%
(𝑛 = 1)

2.9%
(𝑛 = 4)

3.6%
(𝑛 = 5)

87.1%
(𝑛 = 121)

4.3%
(𝑛 = 6)

1.4%
(𝑛 = 2)

29 ± 8

(𝑛 = 132)

Healthy control 32 ± 14(𝑛 = 99)
49%

(𝑛 = 49)
51%

(𝑛 = 50)
0%

(𝑛 = 0)
12.1%

(𝑛 = 12)
15.2%

(𝑛 = 15)
68.7%
(𝑛 = 68)

4.0%
(𝑛 = 4)

0%
(𝑛 = 0)

26 ± 6

(𝑛 = 98)
Results are presented as mean ± standard deviation for body mass index (BMI) and as percentages for other variables within each diagnostic group. These
measures include age, sex, race, and body mass index.

Table 2: Here we provide clinical information on study volunteers.

Diagnosis
HDRS YMRS Medication use

Mean ± SD
(𝑛 = 235)

Mean ± SD
(𝑛 = 230) AAP’s Antidepressant Lithium Valproate Lamotrigine Carbamazepine

Bipolar disorder type I 8.1 ± 7.6(𝑛 = 137)
3.6 ± 5.6

(𝑛 = 134) 45% 50% 36% 20% 24% 5%

Healthy control 0.7 ± 1.3

(𝑛 = 98)
0.1 ± 0.3

(𝑛 = 96) 0% 0% 0% 0% 0% 0%

Results are presented as mean ± standard deviation (and percentage of volunteers using a particular medication) within each diagnostic group.These measures
include Hamilton 17-itemDepression Rating Scale (HDRS), YoungMania Rating Scale (YMRS), and medication use including AAP’s (atypical antipsychotics),
antidepressants, lithium, valproate, lamotrigine, and carbamazepine.

variation in immune activation, to determine whether these
factors were likely confounding our results. Data shown are
corrected formultiple comparisonswhere indicated by “𝑃corr”
using the Bonferroni technique [29] (uncorrected 𝑃-values
are simply stated as “𝑃 =”). Statistical significance for all
analyses was set at 𝑃 = 0.05.

4. Results

In total, plasma samples from 238 study volunteers were
assayed for CMV, HSV-1, and HSV-2 antibodies. Of these
238 volunteers, 139 had a diagnosis of BD-I and 99 were
healthy controls. Of the 139 BD-I volunteers, sixty-sevenBD-I
individuals (48%) exhibited evidence of clinically significant
mood symptoms (e.g., depressed, elevated, andmixed). Sixty-
one BD-I individuals (44%) had clinically significant depres-
sion, 22 BD-I individuals (16%) had clinically significant
mood elevation, and 13 BD-I individuals (9%) had symptoms
consistent with that of a mixed mood state. Mean values
of behavioral measures of interest (e.g., YMRS, HDRS) are
presented for each diagnostic study group (e.g., BD-I, healthy
controls) in Table 2.

Using independent samples T-testing, we found that
volunteers with a diagnosis of BD-I have significantly greater
CMV IgG concentrations (T

234
= 3.1; 𝑃 = 0.002; 𝑃corr =

0.006; mean difference 1.0 ± 0.3) as compared to healthy
control volunteers. However, no diagnostic differences were
identified with regard to HSV-1 IgG (T

236
= 0.15; 𝑃 = 0.89)

and HSV-2 IgG (T
236
= 0.14; 𝑃 = 0.89). Graphical depiction

of diagnostic differences in viral antibody concentrations is
illustrated in Figure 1; statistical comparisons involving CMV
IgG are outlined in Table 3.

Separate independent samples T-tests found that CMV
IgG concentrations were higher in those BD-I volunteers in
the midst of a clinically elevated mood state (T

132
= 2.2;

𝑃 = 0.03; mean difference 1.3 ± 0.6) but not significantly
different in those BD-I volunteers in a clinically depressed
mood state (𝑃 > 0.10) as compared to those study volunteers
not in a clinically elevated mood state or clinically depressed
mood state, respectively.

Results from individual Spearman correlational testing
showed that CMV antibody concentrations were not sig-
nificantly correlated with either body mass index (𝑃 >
0.10) or age (𝑃 > 0.10) in BD-I volunteers. Additionally
in BD-I volunteers, using separate independent samples T-
tests, we found that (1) CMV antibody concentrations were
not significantly different in females as compared to males
(𝑃 > 0.10) and (2) CMV antibody concentrations were not
significantly different in volunteers who were being treated
with psychotropicmedications as compared to volunteers not
receiving psychotropic medication treatment (𝑃 > 0.10).

5. Discussion

This study identified an association between concentrations
of plasma CMV IgG antibodies and a diagnosis of BD-I, with
BD-I individuals having significantly higher CMV concen-
trations than healthy control volunteers. Further, chi-squared
testing described in Table 3 showed that CMV IgG seropos-
itivity was associated with greater than 5 times increased
likelihood of having a diagnosis of BD-I (Table 3). This find-
ing aligns with previous findings of CMV IgG seropositivity
in psychiatric disorders, specifically schizophrenia [14–18],
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Table 3: Here we provide CMV IgG concentrations (reported asmean± standard deviation in column 2) for each diagnosis, BD-I and healthy
controls.

Diagnosis CMV IgG concentrations Diagnostic comparison of CMV CMV IgG seropositivity Pearson chi-square
Mean ± SD Antibody concentrations Seronegative Seropositive Testing

Healthy control
volunteers 2.1 ± 2.1 (𝑛 = 99) T

234

= 3.1

𝑃 = 0.002

𝑛 = 59 𝑛 = 40
Likelihood ratio = 5.2
𝑃 = 0.02Bipolar disorder

type I 3.0 ± 2.7 (𝑛 = 139) 𝑛 = 62 𝑛 = 77

Results of independent samples T-testing are reported in column 3.We identify significantly greater concentration of CMV IgG in BD-I volunteers as compared
to healthy control volunteers (T

234
= 3.1,𝑃uncorr = 0.002, and𝑃corr = 0.006). Chi-squared testing confirmed that CMV IgG seropositivity status was associated

with 5.2 times greater likelihood of the presence of a diagnosis of BD-I (𝑃 = 0.02). Neither HSV-1 nor HSV-2 differed significantly between the BD-I and
healthy control groups.

Diagnosis
Bipolar disorder type IHealthy controls
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Error bars: ±1 SE

Figure 1: Graphical depiction of diagnostic differences in
Cytomegalovirus (CMV) antibody concentrations. Standardized
mean antibody (IgG) concentrations are depicted on the vertical, 𝑦-
axis and diagnosis on the horizontal 𝑥-axis. CMV IgG concentration
was higher in BD-I volunteers (shown in maize color) as compared
to healthy control volunteers (shown in blue color) (T

234

= 3.1;
𝑃uncorr = 0.002; 𝑃corr = 0.006). No diagnostic differences were
identified with regard to HSV-1 IgG (T

236

= 0.15; 𝑃 = 0.89) and
HSV-2 IgG (T

236

= 0.14; 𝑃 = 0.89). Error bars represent ±1 standard
error.

and supports the hypothesis that exposure to environmen-
tal/infectious factors like virusesmay contribute to the patho-
physiology of BD-I. While recent evidence showed that pas-
sage of maternal CMV antibodies to the neonate in expecting
mothers was not shown to pose significant risk of BD-I in the
neonate [30], results we present of associations betweenCMV
antibody concentrations, diagnosis of BD-I, and elevated
mood state warrant further investigation and clarification
on questions of causality. Approximately 50% of Americans
are seropositive for CMV [31]. Initial exposure to infectious
agents like CMV induces an immune response [32], memory
of the infection persisting in the formofCMVIgGantibodies.
Subsequently, CMVpersists in a latent state in immature cells
[33]. Exposure to psychosocial stress can potentially down-
regulate cellular immune responsivity [34–36] reactivating

otherwise latent herpesviruses (e.g., CMV) [37], inducing
herpesvirus (e.g., CMV) antibodies [5]. Taken together with
the findings we report this evidence suggests that treatment
of ubiquitous, asymptomatic herpesvirus infections or tar-
geting their downstream counterparts (e.g., TNF-𝛼) could
potentially impact the BD-I illness. However, much further
testing on expanded, longitudinal BD-I samples is required
to test these hypotheses. Separate evidence does show that
elevation of soluble CMV antigens and CMV antibody
concentrations is associated with a shift towards CD8+ T-cell
production [32] and subsequent induction of CD8+ derived
proinflammatory cytokines (e.g., TNF-𝛼, IL-6, and IFN-𝛾)
[7, 38, 39]. Further, enhanced immune activation involving
elevated concentrations of these cytokines has been identified
in BD volunteers [40] and phasic variation in common
clinical features of BD (e.g., depression, mania, suicidality,
etc.) has also been associated with particular inflammatory
cytokine profiles [41]. Induction of TNF-𝛼 has been shown
to modulate neurotransmitter metabolism via activation of
indoleamine 2,3-dioxygenase (IDO), subsequently reducing
neurotransmitter precursors (i.e., tryptophan), and shifting
the balance towards production of potentially neurotoxic
metabolites (i.e., hydroxykynurenine) [42–45]. The resulting
alteration of neurotransmitter metabolism is believed to
directly impact central processing of emotionally salient and
stressful events, resulting in altered behavioral response to
stress [46–51].

In summary, these results augment accumulating evi-
dence suggesting that exposure to Herpesviridae in general
(and CMV in particular), its subsequent acquired immune
response, and the impact of psychological stressors on
immune reactivation may pose a risk of BD-I, potentially
via an impact on development or exacerbation of elevated
mood states. However, the cross sectional nature of analyses
involving CMV in our study limits the extent that causal
inferences can be drawn. Potentially, the means by which
episodic inflammatory alterations contribute to episodic
clinical features in BD could be ascribed to this model but
further research in this area is required to discern the exact
mechanisms underlying CMV’s relationship to clinical mood
states in BD-I. Additionally, while we found no significant
differences in CMV antibody concentrations when compar-
ing BD-1 volunteers receiving pharmacotherapy against those
not receiving pharmacotherapy, it remains as a possibility
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that interindividual variation in specific psychiatric med-
ication used (and/or specific dosage prescribed) could be
confounding the results. Future studies that include designs
with an expandedpopulation of BD-I volunteerswill be better
positioned to test for the presence of medication specific
effects on CMV antibody concentrations.
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Introduction. Bipolar disorder (BD) implies risk of suicide.The age at onset (AAO) of BD carries prognostic significance. Substance
abuse may precede the onset of BD and cannabis is the most common illicit drug used. The main goal of this study is to review the
association of cannabis use as a risk factor for early onset of BD and for suicide attempts.Materials and Methods. PubMed database
was searched for articles using key words “bipolar disorder,” “suicide attempts,” “cannabis,” “marijuana,” “early age at onset,” and
“early onset.” Results. The following percentages in bipolar patients were found: suicide attempts 3.6–42%; suicide attempts and
substance use 5–60%; suicide attempts and cannabis use 15–42%. An early AAOwas associated with cannabis misuse.Themean age
of the first manic episode in individuals with and without BD and cannabis use disorder (CUD) was 19.5 and 25.1 years, respectively.
The first depressive episode was at 18.5 and 24.4 years, respectively. Individuals misusing cannabis showed increased risk of suicide.
Discussion. Cannabis use is associated with increased risk of suicide attempts and with early AAO. However, the effect of cannabis
at the AAO and suicide attempts is not clear.

1. Introduction

Bipolar disorder (BD) is associated with poor health out-
comes and is responsible for the highest rate of suicide among
all mental disorders [1]. Bipolar disorder is often complicated
by cooccurring substance use disorders [1]. Cannabis is the
most common illicit substance used among individuals with
bipolar disorder [2] and up to 38% of the individuals with
bipolar disordermisuse it [3]. Cannabis abuse has particularly
been reported to be high among young bipolar patients [4],
and chronic cannabis use is associated with higher severity
of illness and greater noncompliance to treatment among
individuals with bipolar disorder [5].

In bipolar disorder, there is evidence that, with many
patients, substance abuse precedes the onset of BD, and it
has been suggested that affective deregulation may increase
the risk of bipolar disorder due to substance abuse [6]. The
relationship between substance abuse and age at onset of
bipolar disorder is not really well understood [7]. Among
individuals with cooccurring CUD, age at onset of bipolar
disorder was 6 years lower and the mean number of manic,
hypomanic, and depressive episodes per year was greater
compared to individuals without CUD [8].

Lev-Ran et al. [9] also reported that cannabis use may
decrease the age at onset in both schizophrenia and BD.
This is consistent with the view that cannabis use may
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unmask a preexisting genetic liability that is partly shared
between patients with schizophrenia and bipolar disorder.
The reduction was 9 years of the age at onset in bipolar
group [9]. Lagerberg et al. [8] found a significant association
indicating a dose-response relationship between cannabis
use and age at onset, which remained statistically significant
after controlling for possible confounders (gender, bipolar
subtype, family history of severe mental illness, and alcohol
or other substance use disorders).Themean difference in age
at onset between the groups with and without cannabis use
disorder in that study was 5 years.

It is important to review the definitions of age at onset,
since these definitions are controversial in the psychiatric
literature. Patients displaying bipolar disorder at a younger
age at onset have higher prevalence rates of psychotic symp-
toms, substance abuse comorbidity, learning disabilities, and
episodes of rapid cycling of mood [10, 11]. Moreover, there is
an increased risk factor for suicide attempts [12].

Among commonmental disorders, BD implies a particu-
lar risk of both nonfatal self-harm and completed suicide [13].
The risk of suicide in bipolar patients is 20–30 times higher
than that of the general population [14]. The risk is greater
among those who have been admitted to inpatient care due
to bipolar disorder [15] and especially high in bipolar patients
admitted to inpatient care after suicide attempts [16].

Themain aims of this study are to review (1) the definition
of the age at onset of BD, (2) the association of cannabis use
as a risk factor for early onset of BD, and (3) the relationship
of cannabis use and suicidal behavior in BD.

2. Materials and Methods

Between June and September 2014, PubMed database was
searched for articles using combinations of the following
key words: “bipolar disorder,” “suicide,” “suicide attempts,”
“cannabis,” “marijuana,” “early age at onset,” and “early onset.”
No language or publication time constraints were applied.
PubMed database indexes articles published since 1948 up
to the present date. Data specifically related to bipolar
disorder were chosen. Duplicates and repetitive reviews
were excluded. In the cases of similar studies performed
by the same group, the study with bigger sample size was
included in this review. The “related articles” function of
the PubMed database, the reference list of selected articles,
conference abstracts, and Google Scholar were also used to
identify additional articles. This review follows the PRISMA
guidelines.

The entry criteria of the articles included in this review
shouldmeet at least one of the following requirements: (1) the
selected study should provide data that allowed evaluating the
age at onset of bipolar disorder; (2) the paper should present
the proportion of bipolar patients who used cannabis; (3)
patients included in these studies should have had an early
age at onset of BD or suicide attempts.

3. Results

Initially, for the keywords “early onset,” “bipolar disor-
der,” 1,017 articles were found; for “cannabis” and “bipolar

disorder,” 143 articles; for “suicide attempts” and “bipolar
disorder,” 1,069; for “suicide” and “bipolar disorder,” 2,289;
for “marijuana” and “bipolar disorder,” 190; and for “early
age at onset” and “bipolar disorder,” 626. 59 duplicates or
repetitive reviews were excluded. Of all articles reviewed, 77
papers (all of them published) fulfilled the entry criteria and
were included, as shown in the Table 1. They were published
between 1994 and 2014, 40 of them (51%) in the last 5 years.

3.1. Definition of Early Age at Onset of Bipolar Disorder.
The age at which the first bipolar episode occurs is relevant
because an early age is associated with poor prognosis [23].
If an early diagnosis of BD is not established, the treatment
starts late, compromising its good outcome [34]. Subgroups
defined as “early onset” and “very early onset” were asso-
ciated with greater rates of comorbid anxiety disorders and
substance abuse, violent behavior, rapid cycling, and shorter
periods of euthymia compared to the “late onset” subgroup
[23].

The DSM-IV suggests the age of 21, supported by genetic
studies, as the maximum age to be included as the early age
at onset of BD [35]. An epidemiological study with 61,392
community adults in 11 countries found that the mean age at
onset of BD type I was 18.4 (±0.7) years, BD type II was 20.0
(±0.6) years, and subthreshold BD was 21.9 (±0.4) years [36].
Other studies described different definitions of early age at
onset, being <21 years themost common age defined as “early
onset,” as shown in Table 2.

Table 2 shows chronological studies with different defini-
tions of early and late ages at onset.The following variables are
described: year of publication; sample size; study design; and
ages at very early, early, intermediate, and late onset. Sample
sizes ranged from 169 to 1,856. Only one article establishes
very early age at onset as <13 years.The definition of early age
ranged 17.4–21, while late age ranged 18–40.

In a study comparing a sample of early (𝑛 = 58)
and late onset (𝑛 = 39) bipolar patients, the early onset
group had a more severe form of the disorder with more
psychotic features, mixed episodes, comorbid panic disorder,
and poorer response to lithium. The early onset group was
defined as younger than 18 and late onset as older than 40 [10].

Another paper comprised 52 (50 BD type I, 2 BD type II)
patients who had an early onset and 38 (30 BD type I, 8 BD
type II) a late onset. It was observed that the early onset group
is characterized by a higher frequency of psychotic symptoms
as compared to patients with late onset [17].

A sample of 320 individuals diagnosed with BD I or II
was stratified into subjects with early age (≤18 years) and late
(>18 years) age at onset of BD. A significant earlier age at
onset in subjects with anxiety disorders and rapid cycling
course was found. When clinical characteristics between
earlier and later onset of BD were compared, subjects with
early AAOhadmore frequent suicidal ideation/attempts, axis
I comorbidity, substance use disorders, and rapid cycling
course. The odds ratios associated with these variables were
1.4 (suicide ideation), 1.6 (axis I comorbidity), 1.4 (substance
abuse), and 2.0 (rapid cycling course) [18].

A study with 368 patients investigated the cut-off in the
age at onset in three subgroups (early, intermediate, and late).
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Table 1: Flowchart—selection of articles (see Figure 1).

Initial search
“Early age at onset”
and “bipolar disorder”

“Early onset” and
“bipolar disorder”

“Suicide attempts”
and “bipolar disorder”

“Suicide” and “bipolar
disorder”

“Marijuana” and
“bipolar disorder”

“Cannabis” and
“bipolar disorder”

626 1,017 1,069 2,289 190 143
Inclusion of the articles fulfilling the entry criteria∗ (at least one)

“Early age at onset” or “early onset” and
“bipolar disorder”

“Suicide attempts” or “suicide” and “bipolar
disorder”

“Marijuana” or “cannabis” and “bipolar
disorder”

51 44 59
Exclusion of repetitive and duplicate articles

17 13 19
Final analysis

34 31 40
∗(1) The selected study should provide data that allowed evaluating the age at onset of bipolar disorder.
(2) The paper should present the proportion of bipolar patients who used cannabis.
(3) Patients included in these studies should have had an early age at onset of BD or suicide attempts.

“Early onset” or
“early age at onset”
and “bipolar
disorder”

11
11

24

12

14

1

4

“Marijuana” or
“cannabis”

and “bipolar
disorder”

“Suicide” or “suicide attempts”
and “bipolar disorder”

n = 34 n = 40

n = 31

Figure 1

The mean age in each group was estimated to be 17.4 (SD =
2.3), 25.1 (SD = 6.2), and 40.4 years (SD = 11.3) [19].

A sample of 1,000 adultswith bipolar disorderwas divided
into three groups: very early (<13 years), early (13–18 years),
and late (>18 years) onset of mood symptoms and it resulted
in 983 patients whose age at onset could be determined: 272
(27.7%) had very early onset and 370 (37.6%) experienced
early onset. Early onset again was associated with higher rates
of comorbid anxiety disorders and substance abuse, more
recurrences, shorter periods of euthymia, greater likelihood
of suicide attempts, and violence, suggesting a more severe
course of disease in terms of chronicity and comorbidity [20].

An article reported the age at onset of 211 families with
BD type I probands. Part of the probands was analyzed
to determine the age at onset distribution. They divided

the analysis into two variables: “early-onset” subgroup as ≤21
years and “late onset” subgroup as>21 years. Clinical features,
such as comorbid substance abuse, rapid cycling, suicidality,
and increased episode frequency, were correlated with the
“early onset” group [21].

History of high depressive recurrence (without history of
mania/hypomania) has been proposed as a mood subtype
close to bipolar disorders. A study with 224 outpatients
diagnosed with Major Depressive Disorder and with 336
outpatients with BD type II was conducted on such putative
bipolar validators (early age at onset, high recurrence, mixed
depression, and bipolar family history) as early age at onset of
first major depressive episode (before 21 years). Early onset
was the only variable which identified a major depressive
disorder subgroup significantly associated with all bipolar
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Table 2: Definitions of age at onset of bipolar disorder.

Study Design
Sample
(bipolar
patients)a

Very early age at
onset (in years)

Early age at onset
(in years)

Intermediate age
at onset (in years)

Late age at onset
(in years)

Schürhoff et al.,
2000b [10]

Cross-
sectional 210 — <18 — >40

Schulze et al.,
2002b [17]

Cross-
sectional 169 — ≤20 — ≥35

Post et al., 2003b
[18]

Cross-
sectional

320 (202 female;
118 male) — ≤18 — >18

Bellivier et al.,
2003c [19]

Cross-
sectional 368 — Median age: 17.4 Median age: 25.1 Median age: 40.4

Perlis et al., 2004c
[20]

Cross-
sectional 1,000 <13 13–18 — >18

Lin et al., 2006c
[21]

Cross-
sectional

1,856 (211
probands) — ≤21

Mean age: 16.6
22–28

Mean age: 26
>28

Mean age: 34.7
Benazzi and
Akiskal, 2008 [22]

Cross-
sectional 560d — <21 — >21

Hamshere et al.,
2009c [23]

Cross-
sectional 1,369 —

Limit: <22
mean age: 18.7
± 3.7

Limit: 25–37
mean age: 28.3
± 5.5

Limit: >40
mean age: 43.3
± 9.1

Etain et al., 2012c
[3]

Cross-
sectional 652 — <21 — ≥21

(based on Hamshere et al. 2009 [23]).
aSome studies do not classify the patients whose diagnosis was included.
bAge of both bipolar disorder (BD) type I and BD type II.
cAge of BD type I.
d336 BD type II and 224 unipolar major depressive disorder.

validators. This major depressive disorder subgroup was
similar to BD type II in age at onset and bipolar family history
and had a high frequency of mixed depression [22].

A sample of 1,369 BD type I patients was divided into
three subgroups: early onset as <22 years; intermediate onset
as 25–37 years; and late onset as >40 years. The early
onset subgroup had more rapid cycling, family history for
affective disorders, and episodes of depression and mania
when compared to other subgroups [23].

A study with two independent samples from France (𝑛 =
480) and from the United States (𝑛 = 714) was carried out
with BD type I patients. Early age at onset was defined as <21
years. A correlation of early age at onset, substance use, and
suicidal behavior was found [3].

3.2. Cannabis Use as a Risk Factor for Early Onset of BD.
There is no consensus about the criteria of frequency or
quantity of cannabis use in BD to establish the definition of
abuse, as shown in Table 3. Criteria range from the number of
joints per day in the last 12 months [8] to the qualification of
“heavy consumers” (several times a day) [9]. The frequency
of use was adopted as a parameter in two studies, but with
different approaches. While Henquet et al. [24] stratified the
cannabis use into daily, weekly, and monthly frequencies,
Tijssen et al. [25] classified, in their sample, all patients who
had made the use of cannabis five times or more in their
lifetime.

Table 3 shows the criteria adopted in several studies
to establish the frequency of cannabis use. The following
variables are described: year of publication, study design,
follow-up period, measures, comparisons, and frequency of
cannabis use. Sample sizes ranged from 151 to 4,815.

A study with a sample of 4,815 individuals between
18 and 64 years old was examined, using the Composite
International Diagnostic Interview, and it was found that
cannabis use can trigger manic symptoms independently of
age, ethnicity, neuroticism, sex, educational level, marital
status, use of other drugs or alcohol. Frequency of use
increases the risk. Patients who used it 3-4 days per weekwere
more likely tomanifestmanic symptoms than thosewho used
it less frequently [24].

A study in a prospective cohort of 705 adolescents fol-
lowed up during 8 years analyzed the association between risk
factors, such as cannabis use, and the manifestation of manic
or depressive symptoms in bipolar patients and found that
cannabis use was involved with manic manifestation [25].

A sample with 766 patients between 16 and 65 years old,
676 of them diagnosed with schizophrenia and 90 with BD,
was interviewed and cannabis use was linked to early age at
onset of schizophrenia and BD [9]. Another study investi-
gated 151 patients with BD types I and II who were in psychi-
atric treatment and it was observed that excessive cannabis
use was related to early onset of BD and that it had been used
at an earlier age than the excessive use of alcohol [26].
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Table 3: Frequency of use of cannabis in bipolar disorder.

Study Design Sample (𝑛) Follow-up
(in years) Measures Comparisons Frequency of cannabis use

Henquet et al.,
2006 [24] Cohort

4,815
individualsa
18–64 years

3

Composite
International
Diagnostic
Interview
(CIDI)

The baseline cannabis use
was assessed with the
occurrence of mania in the
follow-up

Less than once a month;
1–3 days/month;
1-2 days/week; 3-4
days/week and nearly every
day.

Tijssen et al., 2010
[25] Cohort 705 patients

14–24 years 8

Munich-Compo
site
International
Diagnostic
Interview
(M-CIDI)

The onset of
manic/depressive
symptoms was assessed
with the following risk
factors (a family history of
mood disorders, trauma,
substance use, attention-
deficit/hyperactivity
disorder (ADHD), and
temperamental/personality
traits)

Lifetime cannabis use was
considered in case they
reported at baseline that
they had used cannabis five
times or more

de Hert et al., 2011
[7]

Cross-
sectional

766 patients
(676 with
schizophrenia
and 90 with
bipolar
disorder)
16–65 years

—

Composite
International
Diagnostic
Interview
(CIDI), Clinical
Global
Impression
(CGI), and
Global
Assessment of
Functioning
(GAF)

A linear regression between
the age at onset was done
considering the following
variables: cannabis use,
diagnosis, and gender

Used CIDI (Composite
International Diagnostic
Interview) for lifetime
substance use and classified
patients as “heavy users”
when consumption was
several times a day.

Lagerberg et al.,
2011 [26]

Cross-
sectional

151 bipolar
patients (91 BD I
and 60 BD II)

—

Clinical
assessments
carried out by
trained clinical
psychologists
and
psychiatrists

The bivariate analyses
revealed significant
correlations between age at
onset and gender, age, BD
type, excessive cannabis
use, and sequencing

Patients who met DSM-IV
criteria for substance use
disorder or had
predominant weekly use of
cannabis for a period of 4
years from 11–15 years,
16–20 years, 21–27 years,
28–44 years, 45–60 years,
and 60 years and more were
considered “excessive
cannabis use”

LevRan et al., 2013
[9]

Cross-
sectional

1,905 bipolar
individuals —

Alcohol use
disorder and
associated
disabilities
interview
schedule

Rates of CUD in the past 12
months were 7.2%,
compared to 1.2% in the
general population. Logistic
regression models adjusting
for sociodemographic
variables indicated that
cooccurring CUD was at
increased risk for nicotine
dependence, alcohol and
drug use disorders, and
antisocial personality
disorder compared to those
without CUD.

Number of joints
consumed with the number
of days when cannabis was
used in the last 12 months.
Frequency was defined as
ranging from “almost daily”
to “once a year.”

aThe sample was found to be representative of the Dutch population in terms of gender, marital status and level of urbanisation, with the exception of a slight
under-representation of individuals in the age group 18–24 years.
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Data from the National Epidemiological Survey of Alco-
hol and Related Conditions (NESARC Wave 1, 2001-2002)
were analyzed and they showed that 1,905 patients were
diagnosed with bipolar disorder and 7.2% of these were
identified with cannabis use disorder (CUD).The prevalence
of CUD in the general population is 1.2%. It was observed
that the cooccurrence of BD and CUD was a risk factor for
alcohol, nicotine, and other drug dependence [8].

In a study involving approximately 2,000 individuals (471
bipolar individuals and 1,761 controls), bipolar patients were
6.8 times more likely to report cannabis use during their
lifetime. Almost 30% of the BD group that had made use
of cannabis at least once fulfilled the criteria for CUD of
DSM-IV. Individuals with BD and CUD were 1.8 times more
likely to have disability due to the disorder than those with
the diagnosis of BD that had no history of CUD, even after
controlling sociodemographic variables, substance use, and
psychiatric covariates. Individuals with BD and CUD had
more mixed episodes and a higher probability of suicide
attempts than those with BD but without CUD [37].

In a study selecting adult patients from France and the
United States that met DSM–IV criteria for BD type I, the age
at onset was classified into two subgroups: early age at onset
(<21 years) and late age at onset (≥21 years).They analyzed the
association of clinical and demographic variables with age at
onset and polarity. The relationships between “age at onset,”
“alcohol/drug misuse,” and “suicidal behavior” are the most
important in both samples: early age at onset was associated
with suicidal behavior (France: OR = 2.16 95% CI (1.48–
3.15) Sensibility = 35%, Specificity = 46%; USA: OR = 2.05
95% CI (1.44–2.92) Sensibility = 27%, Specificity = 54%) and
lifetime cannabis misuse (France: OR = 2.60 95% CI (1.51–
4.48) Sensibility = 9%, Specificity = 79%; USA: OR = 1.75 95%
CI (1.02–3.01) Sensibility = 30%, Specificity = 59%) [3].

A cross-sectional study was conducted on a population-
based national representative sample, theNational Epidemio-
logical Survey of Alcohol andRelatedConditions (NESARC).
Individuals with lifetime prevalence of BD (𝑛 = 1, 905)
were analyzed regarding sociodemographic characteristics
and prevalence of comorbid psychiatric disorder among BD
patients with and without CUD (in the last 12 months). They
found among BD patients with CUD (𝑛 = 119) an earlier age
at onset of the first manic or hypomanic episode (mean age
= 19.5 years) and of the first depressive episode (mean age =
18.5 years) compared to patients without CUD (𝑛 = 1, 786),
whose mean ages were 25.1 years and 24.4 years, respectively
(𝑃 < 0.0001). In this study, CUD was associated with earlier
onset of bipolar disorder and greater number of depressive
and hypomanic/manic episodes [8].

A secondary analysis of data collected by the Netherlands
Mental Health Survey and Incidence Study (NEMESIS)—a
longitudinal study with three measurements at 1996, 1997,
and 1999 (follow-up)—of the Dutch adult population (18–
64 years) was conducted. At baseline, 7,076 individuals were
interviewed, and, in the last follow-up, 4,848 participants
were interviewed. To investigate if cannabis use predicted the
first episodes of mood and anxiety disorders, the analyses
were made with 3,881 people who had had no lifetime mood
disorder and with 3,854 people who had had no lifetime

anxiety disorder. It was found that cannabis was a predictor of
subsequent mood episodes, especially bipolar disorder, and
that cannabis use was associated with increasing the risk of
BD (OR = 7.6; 𝑃 < 0.001) [38].

A paper reported substantial evidence for phenotypic
and genetic overlap between schizophrenia and BD. An
earlier onset was found in patients that used cannabis (676
schizophrenia patients and 90 BD patients). The reduction
was 9 years in the age at onset in the bipolar group [9].

In a sample of 151 BD types I and II, cannabis use was
associated with an earlier onset of BD independently of the
history of psychosis or polarity of the first episode [26],
not only manic or psychotic, as described by Henquet et al.
[24] and Öngür et al. [39]. It means that cannabis increases
bipolar disorder prevalence in general. Öngür et al. (2009)
reported that comorbid lifetime cannabis, but not alcohol,
abuse/dependence was associated with a statistically signifi-
cant 3-year-earlier age at onset of psychosis in schizophrenia
(𝑛 = 80), schizoaffective disorder (𝑛 = 61), and bipolar
disorder with psychotic features (𝑛 = 92). Patients fulfilled
the criteria for cannabis abuse/dependence an additional 3
years before psychosis [39].

In a study with 324 BD types I and II patients, an
independent dose-response was shown between cannabis use
and age at onset of BD: there was a statistically significant
decrease in age at onset with increasing levels of lifetime
cannabis use, from 23.2 years (±9.7) for patients who never
used cannabis or used cannabis <10 times during one month
lifetime, 20.5 years (±7.3) for patients who used cannabis
>10 times during one month lifetime, and 18.6 years (±5.0)
for patients with a lifetime cannabis use disorder (abuse or
dependence) [7].

3.3. Suicidal Behavior and Cannabis Use in Bipolar Disorder.
According to the World Health Organization (WHO), about
3,000 people commit suicide every day worldwide—one
every 40 seconds. For each suicide, 20 or more attempts
are committed. The annual number of suicides is currently
around one million and represents about half of all violent
deaths recorded in the world [40].

Among psychiatric disorders, BD has the highest risk of
suicide, reaching rates 20–30 times higher than in the general
population [14]. Approximately 56% of patients with BDwho
committed suicide had attempted suicide at least once in their
life; and 1 in 15 bipolar patients are victims of suicide [41].The
rate that expresses suicide attempts at least once in their life
in bipolar patients varies between 25% and 50%; however, 8%
to 19% will commit suicide [27].

The number of suicide attempts in bipolar types I and II is
a subject of controversy. One study demonstrated that bipolar
type II patients have higher rates of suicide risks [41]. Another
study shows not statistically significant rates in suicide risk
among bipolar patients either with type I or type II in a
follow-up of bipolar patients up to 18 months and in a study
in Barcelona that analyzes 290 bipolar patients [28].

More suicide attempts are committed by bipolar females
than bipolar males (34–19%). However, higher rates of com-
pleted suicide are observed among bipolar males. Early onset
of psychiatric disorders and personality disorders contributes
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Table 4: Bipolar disorder and suicide attempts.

Study Design Sample
(𝑛)

Follow-up time
(in years) Suicides in BD Suicide attempts in BD

and substance use

Suicide attempts
in BD and
cannabis

Marangell et al.,
2006 [27] Cohort 1,556 2

3.6% (𝑛 = 57) suicide
attempts (𝑛 = 50) or
completions (𝑛 = 7)

—a —a

Valtonen et al.,
2006 [28] Cohort 176 1.5 20% (𝑛 = 35) attempts,

1% (𝑛 = 2) completions
45% alcohol, 46%

smoking —a

Tidemalm et al.,
2014 [16] Cohort

6,086
(male = 2,408

female = 3,678)b

After attempted
suicide, ranging
from 19–30

Male: 4,1% (𝑛 = 98)
Female: 6,8% (𝑛 = 253) —a —a

Hamshere et. al.,
2009 [23]

Cross-
sectional 1,369 —a

Early onset (44.3%)
(𝑛 = 235)

Mid-onset (33.7%)
(𝑛 = 129)

Late onset (28.7%)
(𝑛 = 31)

Suicide attempts

—a —a

Bellivier et al., 2011
[29]

Prospective
observational 2,219 2 29.9% —a 17.3%

Cassidy∗, 2011 [30] Cohort 157 —a 37.6%

Nicotine: 66.2%
Alcohol: 36.3%
Cocaine: 23.6%

Benzodiazepine: 5.7%
Amphetamine: 7.6%

Opiate: 5.1%
Hallucinogen: 9.6%

42.7%

Parmentier et al.,
2012 [31]

Cross-
sectional 652 —a 42.9% —a 15.1%

Antypa et al., 2013
[32] Cohort 3,083 —a 4.6% —a —a

Carrà et al., 2014
[33] Meta-analysis 31,294 —a —a 20.1% —a

∗Cassidy: the rates of substance use and cannabis use are associated with the total sample. It does not represent necessarily interaction with the rate of suicide
attempts.
aNo data available.
bIncluding Bipolar Disorder Subtypes 1 and 2, Unspecified type and Schizoaffective Disorder of Bipolar Type.

to the risk of suicide. BD associated with substance use in
males doubles the number of suicidal behaviors [16].

The early age at onset of BD and gender, prior suicide
attempts, suicide in different mood episodes of bipolar dis-
order, episode polarity and polarity of first affective episode,
and drug and alcohol abuse disorders show a significantly
increased risk of suicide attempts [41]. The early onset of this
disorder increases the risk of suicide and that early onset is
around age 20 [42, 43].

Based on a cohort of 6,086 (60% females) patients
followed up annually 2005–2012, it was found that early onset
is a significant predictor of suicide attempts only in females.
Clinical data was extracted from Swedish National Quality
Register for Bipolar Disorder [16]. Early age at onset was also
associated with suicide attempts in samples from France and
the United States [3].

Another study with a population-based longitudinal
cohort sample included 1,542 patientswith bipolar depression
attending a registry of 388,624 inhabitants of Keelung City,

Taiwan, from 1999 to 2004.This cohort was followed until the
end of 2008 and data were from the National Health Insur-
ance Dataset (NHID) and the National Mortality Registry
(NMR). The risk of suicide in these patients was doubled in
comparison with other depressive patients [44].

Table 4 shows studies associating suicidal behavior and
BD.The following variables are described: year of publication;
number of individuals; suicide attempts; suicide attempts and
substance use; suicide attempts; and cannabis use. Sample
sizes ranged from 170 to 31,000. The following percentages
in bipolar patients were found: suicide attempts 3.6–42%;
suicide attempts and substance use ranging from 5 to 60%;
and suicide attempts and cannabis use ranging from 15 to
42%. It is important to notice that higher percentages of
suicide attempts were found in the studies with smaller
number of participants, which is statistically understandable,
but the real number of patients that attempted suicide was
significant in all studies taking in credit that all suicide
attempts can potentially lead to death.
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A sample of 1,556 bipolar patients was examined along
2 years of follow-up. They were participants in the System-
atic Treatment Enhancement Program for Bipolar Disorder
(STEP-BD), a multicenter study which evaluates longitudinal
outcomes in patients with BD. This study analyzed the asso-
ciation between baseline clinical and demographic variables
and subsequent suicide attempts and completions. Suicidal
ideation, percent of anxiety, depressed and irritable days in
past year, history of suicide attempts, age at onset, marital
and smoking status, age, and gender were considered for
comparison. The sample with complete baseline data was
categorized by whether or not participants experienced a
suicide attempt or completion over the 2-year follow-up
period. A rate of 3.66% (57 patients) attempted or completed
suicide. After analysis, only history of suicide (OR= 4.52) and
percent of depressed days in the past year (OR = 1.16) were
significant. The age at onset of BD (<13 years) presented OR
= 1.37 [27].

A prospective study was conducted in the Jorvi Bipolar
Study (JoBS) screening 1,630 patients, of whom 546 obtained
a positive MDQ screen or suspicion of BD. 490 patients
of this sample could be interviewed; however, 201 had
the diagnosis of BD confirmed by the Structured Clinical
Interview for DSM-IV Disorders (SCID-I) and 10 patients
refused to participate. This research aimed to investigate
the risk for suicide attempts in psychiatric inpatients and
outpatients with BD, and it found that during the 18-month
follow-up, 20% of patients (35/176) attempted suicide. In a
Cox regression model, baseline previous suicide attempts,
hopelessness, depressive phase at index episode, and younger
age at intake were independent risk factors for suicide
attempts during follow-up, whereas factors such as bipolar I
or II or comorbidity did not reach statistical significance [28].

Recent affective episodes predicted attempted suicide
during follow-up in male (OR = 3.63) and in female (OR =
2.81) patients as well as previous suicide attempts (male: OR
= 3.93; female: OR = 4.24) and recent psychiatric inpatient
care (male: OR = 3.57; female: OR = 2.68). Those with
many lifetime depressive episodesweremore likely to attempt
suicide. Comorbid substance use disorder was a predictor
in male, while many lifetime mixed episodes, early onset of
mental disorder, personality disorder, and social problems
related to the primary group were predictors in women [16].

A study was conducted with a group of 1,369 bipolar
patients, divided into three subgroups: the first was repre-
sented by patients who had had an early age at onset, the
second an intermediate age at onset of BD, and the third a
late onset, producing a sample of 1,225 individuals (144 with
borderline values were excluded). Results showed that 44.3%
of the first group attempted suicide while in the second and
third groups, respectively, the rate was 33.7 and 28.7%. The
early onset group in comparison with the others had a greater
frequency of suicide attempts [23].

In a prospective study with a sample of 2,219 bipolar
patients who provided data about their lifetime history, 663
(29.9%) had made at least one suicide attempt. Factors that
were associated with a history of suicide attempts included
the following variables: female gender, a history of alcohol
abuse, a history of substance abuse, early onset, longer

disorder duration, greater depressive symptom severity, cur-
rent benzodiazepine use, higher overall symptom severity,
and poor compliance. Of the 663 patients with suicide
attempts, 17.3% of them had lifetime cannabis abuse. Of the
sample without suicidal behavior (1,556), 10.7% had lifetime
cannabis abuse [29].

A study conducted with a bipolar cohort of 87 males and
70 females aimed to detect factors that may be predictive for
suicide attempt. Among 157 patients, 59 of them had a history
of at least one suicide attempt. White race, family history of
completed suicide, and history of cocaine abuse/dependence
were predictive of suicide attempt histories [30].

Clinical and dimensional characteristics in bipolar
patients were analyzed through diagnostic interview and
questionnaires. In a sample of 652 patients, 280 (42.9%)
suicide attempts were detected. Some variables were
associated with a lifetime history of suicidal behavior like
being a woman, a history of head injury, tobacco misuse,
early age at onset, high number of depressive episodes,
positive history of rapid cycling, alcohol misuse, and social
phobia. Data was analyzed comparing two different groups:
bipolar patients with and without suicidal behavior (BD + SB
and BD − SB) and an earlier age at onset was associated with
suicidal behavior (23.1 ± 9.1 in BP + SB versus 27.0 ± 11.1
in BD − SD). Cannabis misuse was indicated in 41 (15.1%) of
280 (42.9%) bipolar patients that made a suicide attempt [31].

In a cohort of 3,083 bipolar patients, 140 (4.6%) had a
suicide event (8 died by suicide and 132 attempted suicide).
The strongest predictor of a suicide event was a history
of suicide attempt, in line with prior literature. Additional
predictors were younger age, a high total score on the
personality disorder questionnaire, and a high percentage of
days spent depressed in the year prior to study entry [32].

A meta-analysis was conducted in order to relate comor-
bidities and suicide attempts in patients with BD. Twenty-
nine of 222 studies assessed for eligibility met the inclusion
criteria, comprising a total of 31,294 individuals with BD,
of whom 6,308 (20.1%) had documented suicide attempts.
There were consistent findings across the studies included. As
compared to controls, subjectswithBDand comorbid alcohol
and other substance use disorder were more likely to attempt
suicide [33].

The association between suicide and substance abuse in
bipolar patients can be demonstrated by substantial evidence
of suicidal behavior in patients with comorbidities for sub-
stance use disorders. This relationship can be sustained on
the basis of data stating that cannabis use affects negatively
the course of bipolar disorder. The effects of substance use
on suicidal behavior were registered by a large epidemiolog-
ical study in 1,643 bipolar patients among 43,093 general-
population respondents who were interviewed in the 2001-
2002 by the National Epidemiologic Survey on Alcohol and
Related Conditions (NESARC) [45].

The use of cannabis reduces the age at onset of BD; it
may also increase manic episodes and their durations and
may increase the risk of suicide in patients with bipolar
depression. A study involving 101 patients concluded that the
first exposure to cannabis represented strong evidence of an
earlier age at onset of first depressive episode [46].
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Cannabis use in patients with bipolar disorder increases
the incidence of psychotic symptoms [47] and suicide
attempts [33] and still decreases the response to treatment by
lithium compared to patients who do not use this substance
[48].

The abusive use of cannabis may act as a predictor of early
onset of bipolar disorder and both conditions can interfere
with increasing the risk of suicide in patients with BD [29].
Greater suicidal behavior in bipolar patients who experienced
a reduction in the age at onset in the context of cannabis use
was also demonstrated [37].

A group of 125 bipolar patients with psychotic features
was analyzed and it was demonstrated that bipolar disorder
occurred earlier in a subgroup that had substance abuse
associated with other comorbidities from axis I [49].

A meta-analysis of 29 studies evaluated suicide attempts
and substance use (including cannabis) specifically in BD
population. It comprised 31,294 individuals with BD of which
6,308 (20.1%) had suicide attempts. A consistent association
of alcohol and drug use with suicide attempts was found.
Cannabis use disorders were evaluated in 4 studies compris-
ing 3,439 individuals with specific information onBD, suicide
attempts, and CUD (559 with BD and lifetime cannabis
use disorders). Individuals misusing cannabis showed an
increased risk of suicide (OR = 1.44) when compared with
their noncomorbid counterparts [33].

4. Discussion

4.1. Age at Onset of Bipolar Disorder. The definition of early
age at onset of BD is not clear; however, it is associated with
poor prognosis of BD [23]. If an early diagnosis of BD is
not established, the treatment starts late, compromising a
good outcome [34]. Nine studies between 2000 and 2012 were
evaluated and a wide variation in the meaning of “early age at
onset” was found (6–22 years), as shown in Table 2.

The definition of the age at onset of bipolar disorder is
important because there is robust evidence suggesting that
the age at onset distribution of individuals affected with
bipolar disorder is composed of at least two age distributions
(early and late onset) [10, 17, 18, 22, 43], three divided
into early, intermediate, and late [19, 21, 23] and only one
into very early, early, and late onset [20]. The three normal
distributions (early, intermediate, and late onset) may reflect
genetic heterogeneity within bipolar I disorder [23].

Results may vary in the literature relating to age at
onset because different criteria were used to establish the
definition of age at onset. Hamshere et al. [23] incorporated
the duration of the disorder at the time of the interview
and gender as covariates, while Benazzi and Akiskal [22]
used age at assessment-time, gender, bipolar type II, and
mania/hypomania family history. Perlis et al. [20] also
included the duration of the disorder and finally Lin et al. [21]
included the variables for age of contact and gender.

The definition of very early age at onset is even more
troublesome because the first symptoms of mood variation
that could be diagnosed as the first bipolar episode are
difficult to diagnose by MINI and other instruments [20].

The relationship between early age at onset and the
severity of bipolar disorder is well established. Early age at
onset is associated with a greater number of rapid cycling [18,
21, 23], mixed episodes [10], and psychotic episodes [10, 17]
and panic disorder [10], anxiety disorder [18, 20], substance
use disorder [3, 18, 20, 21], and major depression [22], even
worse response to lithium [10] and suicidal behavior [3, 18,
20, 21].

4.2. Early Age at Onset of Bipolar Disorder and Cannabis
Use. Cannabis use is a risk factor for early age at onset of
BD. Substance use disorder is associated with a worse course
of BD. Cannabis is the most common illicit substance used
among individuals with BD (7.2% in BD versus 1.2% in general
population). The use of marijuana seems to be a predictor of
mood episodes in BD patients and it reduces the age at onset
in 6–9 years [8, 9].

Cannabis use disorder triggers earlier episodes of BD
when compared with alcohol use disorder [50]. Especially
in cases of cannabis abuse, the relationship between abuse
and age at onset is not well understood. It happens because
substance use disorder can be a prodromal symptomofmood
disorder and can be both a consequence and a cause of
BD [30]. The interaction of childhood stressor events and
cannabis use appears to be the potential factor for a vicious
cycle [51, 52]. Another interesting point was that patients
with lifetime cannabis and alcohol abuse/dependence had
a later onset compared with those who had only cannabis
abuse/dependence [39].

4.3. Cannabis Use and Suicide Behavior in Bipolar Disorder.
There is an association between early age at onset of BD and
suicide attempts. Among psychiatric disorders, BD has the
highest risk of suicide [14]. Early age at onset is associated
with suicide attempts [3] and is considered a predictor,
especially in females [16]. It is still necessary to elucidate
whether early age at onset in BD is an independent risk factor
for suicide attempts or whether it depends on other factors,
such as disorder severity, rapid cycling, more psychiatric
comorbidity, abuse in childhood, family history of mood
disorder, differences of gender, and BD subtypes [53, 54].The
difference in suicide rates between bipolar types I and II is
controversial. One study suggests higher suicide rates in BD
type II group [41]. But when gender was compared, females
showed higher rate of suicide attempts, whilemales presented
higher rates of completed suicide [16]. There is no enough
data to differentiate between suicide rates in bipolar types.
BD type IIwas associatedwith higher rates of suicide attempts
[41], while other studies have shownno significant differences
between BD types I and II [28].

Cannabis use in patients with BD increases the risk of
suicide attempts [33]. The findings of an association between
cannabis use, early age at onset, and suicide attempts may
be taken as a support of the view that cannabis negatively
affects the course of the disorder [46]. Substance use disorder
may be genetically associated with bipolar disorder. Recent
research confirms the importance of the genetics of the
bipolar disorder, although the involvement of no specific
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chromosome region or gene has been specifically confirmed
[55–58].

There is literature evidence that BD and alcohol depen-
dence are highly genetically influenced.The pathophysiology
of this interaction is not completely elucidated and thus
points to the importance of researching common biomarkers
of both disorders for a better understanding of the course of
the disorder. It may be hypothesized that cannabis use and
BD may share a common genetic background.

4.4. Neurophysiological Changes Associated with Cannabis
Use. The neuropathological bases of comorbidity between
bipolar disorder and cannabis use disorder are a challenge
because there are few studies addressing the pathophysiology
of these two disorders. Areas of medial temporal cortex
and prefrontal and subcortical regions with structural and
functional abnormalities are associated with emotional and
motivational processing in adolescents with BD [59] and
substance use disorder [60]. Thus, neurophysiological dys-
functions may overlap in some individuals predisposed to
the development of both disorders: BD and substance use
disorder [61].

Only one study addressed the relationship between bipo-
lar patients and the expression of CB1-R and did not find a
direct relation to neither increase nor decrease the density
in bipolar patients. However, it was observed that bipolar
patients who were taking first-generation antipsychotics had
their levels of CB1-R immunoreactive glial cells reduced
[37]. Type 1 cannabinoid receptor, CB1-R, is a G protein-
coupled receptor and located mainly in the central and
peripheral nervous system. It is activated by the compound
THC found in cannabis. CB1-R is related to search behavior
in patients with cannabis abuse. This is due to influence on
themesolimbic pathway, especially in the nucleus accumbens
region [62]. Another research found that polymorphism of
AKT1 gene may be related to the use of cannabis and to
the developing of psychosis, but not specifically for bipolar
patients [63].

Bipolar adolescents with cooccurring cannabis use disor-
der had structural differences in frontal and temporal cortical
regions and the right caudate nucleus, which is extended
and is related to emotional and motivational regulation [61].
In addition, patients who use cannabis and tobacco had
lower activation of the right hippocampus when compared
with controls [64]. In patients with cooccurrence of BD and
cannabis use disorder an increase in gray matter volume in
the right caudate and precentral gyrus and increased gray
matter density in the occipital, middle right fusiform, and
cerebellar vermis were observed, while there was a reduction
in gray matter volume in the left fusiform [61].

Abnormalities in the subcortical region have been linked
to dysfunction in the reward system in patients with sub-
stance use disorder. The activity of the caudate is related
to desire [65] and the fusiform gyrus, which is altered in
bipolar patients with cannabis use disorder, is associated
with craving and drug seeking behavior [66]. The results
of studies attempting to correlate structural and functional
changes in the brains of patients with BD and cannabis use
disorder found some limitations because theywere not able to

differentiate preexisting structural brain abnormalities from
the consequences of repeated exposure to abused substances
[67]. Furthermore, a preliminary study with a small sample
of patients (𝑛 = 10) found no significant changes in the brain
of patients who were frequently using cannabis [68].

Several studies have demonstrated that BD is more
prevalent in individuals who have experienced early-life
events stressors. Neuroendocrine, autonomic, immune, and
oxidative responses are triggered, once a state of chronic
inflammation is elicited, altering cellular mediators of plas-
ticity and energy metabolism, besides the deleterious pro-
graming of the hypothalamic-pituitary-adrenal (HPA) axis
[50]. van Leeuwen et al. [51] proposed opposite effects on the
hypothalamic-pituitary-adrenal (HPA) axis when childhood
abuse and cannabis use cooccur. That is why cannabis
seems to decrease the programming of HPA while childhood
trauma is linked as a stressor to HPA, triggering a factor for
long-term hyperactivation of HPA [52].

The catechol-O-methyltransferase has been studied
because it is involved in the metabolism of catecholamines
(dopamine, adrenaline, and noradrenaline). Massat et al.
[69] observed the influence of catechol-O-methyltransferase
variants on major depression and BD, particularly in early
onset subjects. Experimental studies support a theory which
shows an interaction between cannabis and catechol-O-
methyltransferase as a mechanism for cognitive abnormal-
ities [9].

A reduced expression of polyamines was observed in
bipolar patients with completed suicide. The polymorphism
of the gene responsible for enzyme SAT1 is related to
dysfunction in the catabolism of polyamines [70]. Bipolar
patients who had been hospitalized with or without suicidal
ideation had a reduced amount of SAT1 when compared with
those who had not been hospitalized [71].

4.5. Limitations. This study has some limitations. There is
sparse literature on the issue involving cannabis use, early
age at onset of BD, and suicide attempts. The definition of
early age at onset is not consensual; therefore studies may
not be entirely comparable. Some studies report data on the
bipolar group as a whole, not specifying the relationship
of cannabis use, early age at onset, and suicide attempts.
Other studies report data involving the early age at onset in
bipolar and schizophrenia making it harder to distinguish to
which group of patients the study is referring. A definition
of what constitutes a prodromal phase or an index episode
in many studies is lacking. Information on whether there is
only cannabis use/abuse or other psychiatric comorbidities
in terms of drug use/abuse is missing in many studies. The
definition of cannabis use/abuse is subject of controversy.
There are arbitrary criteria for specifying use and abuse.
Finally, some studies published data only on BD type I and
others on BD type II and both (BD I and II) and, in some of
them, it is not specified whether the sample refers to BD and
schizophrenia [72–75].

However, in this review, as in other studies, the rela-
tionship between abuse/dependence and age at onset dif-
ferentiated on the basis of psychiatric diagnosis or gender
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aspects has not been investigated, although some of these
associations are potentially plausible.

5. Conclusion

In conclusion, the age at onset of bipolar disorder was
reviewed due to its prognostic value, making it clear that the
first episode should have an early diagnosis. The evidence of
cannabis use as a risk factor to early onset of bipolar disorder
highlights the necessity to be attentive to the first bipolar
episode so that treatment can be started promptly. The use
of cannabis is an important factor that may trigger early
onset of BD and, by itself, is associated with higher rates of
suicidal behavior in BD. However, it is not clear whether the
effect of cannabis at the age at onset and suicide attempts are
independent of each other or not.
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P. Arvilommi, and E. T. Isometsä, “Prospective study of risk
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The blood-brain barrier (BBB) regulates the transport of micro- andmacromolecules between the peripheral blood and the central
nervous system (CNS) in order to maintain optimal levels of essential nutrients and neurotransmitters in the brain. In addition,
the BBB plays a critical role protecting the CNS against neurotoxins. There has been growing evidence that BBB disruption is
associated with brain inflammatory conditions such as Alzheimer’s disease and multiple sclerosis. Considering the increasing role
of inflammation and oxidative stress in the pathophysiology of bipolar disorder (BD), here we propose a novel model wherein
transient or persistent disruption of BBB integrity is associated with decreased CNS protection and increased permeability of
proinflammatory (e.g., cytokines, reactive oxygen species) substances from the peripheral blood into the brain.These events would
trigger the activation of microglial cells and promote localized damage to oligodendrocytes and the myelin sheath, ultimately
compromising myelination and the integrity of neural circuits. The potential implications for research in this area and directions
for future studies are discussed.

1. Physiology of the Blood-Brain Barrier

1.1. Structure of the BBB. The characterization of blood-brain
barrier (BBB) began in 1885 with Paul Ehrlich’s reports that
various water-soluble dyes failed to stain the brain and spinal
cord upon injection into the circulatory system, which he
attributed to the lower affinity for the dye by the CNS [1,
2]. Later in 1898, Biedl and Kraus demonstrated that only
injection of bile acids directly into the brain caused symptoms
including seizures and coma, but not when injected into the
circulatory system [2]. In 1900, Lewandowsky demonstrated
a similar effect using potassium ferrocyanide and attempted
to describe this with the term bluthirnschranke (blood-
brain barrier) [1]. Further experimentation by Goldmann,
a student of Ehrlich, demonstrated that trypan blue when
injected into the cerebrospinal fluid (CSF) stainedCNS tissue,
contradicting Ehrlich’s dye affinity hypothesis and lending
support to the notion that there is a barrier between the

circulatory system and the CNS [2]. Then in 1967, with
newly available electron microscopy technology, Reese and
Karnovsky demonstrated at the ultrastructural level that
horseradish peroxidase (HRP) was unable to enter the CNS
due to the presence of tight junctions (TJ) [3]. This showed
the continuous nature of the BBB in the CNS and led Reese
and Karnovsky to conclude that the BBB existed at the level
of the endothelial cells.

Acting as a diffusion barrier, the BBB is composed pri-
marily of brain endothelial cells, astrocyte end-feet, pericytes,
perivascular macrophages, and a basal membrane. Its barrier
is a result of a tightly sealed monolayer of endothelial cells
with TJ and adherens junctions (AJ) forming the seal between
cells at junctional complexes. The basal membrane and
astrocyte end-feet contribute to BBB function and integrity
by regulating the expression of specific TJ proteins and other
BBB transporters. Essentially, the TJ are the result of ostensi-
ble fusion between the outer lipid bilayers of neighbouring
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endothelial cells. Claudin, occludin, and junction adhesion
molecules primarily form the composition of TJ, which
serve to limit permeability between cells and to increase the
barrier’s electrical resistance. As a class of transmembrane
proteins, two claudin extracellular loops undergo homophilic
binding to loops from claudins on adjacent endothelial cells,
forming the primary seal of the TJ. Distinct claudins isoforms
regulate the diffusion of different sizes of molecules. To
date, claudins 3, 5, and 12 are thought to be incorporated
in the BBB [4, 5], while the presence of claudin-1 is still in
debate [6]. For instance, claudin-5 knockout mice display
abnormal endothelial cell TJ, increased BBB permeability to
small molecules (<800Da), and die shortly after birth [5].
Another transmembrane protein, occludin, is also implicated
in the foundation of TJ. Similar to claudins, two occludin
extracellular loops homophilically bind to occluding loops on
a neighbouring cell, abetting in the formation of the TJ. In an
occludin construct lacking the N-terminus and extracellular
domains, an efficient permeability barrier failed to take
shape with unblocked diffusion of several small markers
and the presence of gaps, thus establishing the underlying
significance of occludin proteins in the formation of TJ.
Belonging to the immunoglobulin superfamily, junctional
adhesionmolecules (JAMs) with their single transmembrane
domain are thought to contribute to the sealing capacity
of TJ. However, the exact role of JAMs in the function of
the BBB is still not fully understood. Adherins junctions
(AJ) are typically found to be intermixed with TJ in the
BBB. AJ are composed of the membrane protein cadherin
whose extracellular domain homophilically binds cadherin
on adjacent cells while the cytosolic domain is bound to
catenins, which in turn are bound to the actin cytoskeleton
of the cell, effectively joining neighbouring cells.

Unlike in the BBB where the barrier is localized at the
level of the endothelial cells, the blood-cerebrospinal fluid
(CSF) barrier is established by choroid plexus epithelial cells
[7].The choroid plexus is connected by apical TJ and consists
of a capillary network, which is enclosed, in a single layer
of epithelium cells [7, 8]. The choroid plexus epithelial cells
limit paracellular diffusion and contain a secretory function
producing the CSF. While the BBB may be the predominant
site of transport for O

2
, glucose, and amino acids, the blood-

CSF barrier plays a critical role in maintaining brain Ca2+
homeostasis [9]. The choroid plexus is also responsible for
the entry of certain hormones into the CSF and also secretes
insulin like growth factor-II (IGF-II) into the CSF [10].
The blood-CSF barrier also boasts of other active transport
systems which aid in the efflux of certain solutes including
iodide, thiocyanate and penicillin, and the neurotransmitter
metabolites homovanillic acid and 5-hydroxyindoleacetic
acid [11].

1.2. Functions of the BBB. The BBB limits the passage of
large and hydrophilic solutes, while allowing small lipophilic
molecules (O

2
, CO
2
, and hormones) to freely diffuse fol-

lowing concentration gradients. The BBB possesses specific
transporters which are used to move complex nutrients such
as glucose and amino acids into the brain. The BBB can
also use receptor-mediated endocytosis to transport certain

proteins such as insulin, leptin, and iron transferrin into the
brain [12, 13].

1.2.1. Regulation of Ion and Neurotransmitter Systems. The
BBB plays a critical role not only in regulating the transport
of macro- and micromolecules as mentioned above but also
in the management of ion and neurotransmitter levels in the
CNS and is the primary defence against neurotoxins. For
instance, neuronal function and synaptic signalling relies on
a stable environment containing optimal concentrations of
specific ions such as potassium [K+]. In spite of a higher
and fluctuating [K+] in the plasma akin to ∼4.5mM, the
BBB helps maintain [K+] at ∼2.4–2.9mM in the CNS. Other
major ions and systems regulated by the BBB include calcium
(Ca2+),magnesium (Mg2+), and pH levels.TheBBB also plays
a major role in maintaining physiological levels of certain
neurotransmitters, such as glutamate via excitatory amino
acid transporters (EAATs), in the CNS. Additionally, the
betaine/GABA transporter 1 (BGT1, SLC6A12), present in the
brain microvessels, may play a role in the regulation of 𝛾-
aminobutyric acid (GABA) in the CNS [14, 15]. Notably, this
compartmentalization of central and peripheral neurotrans-
mitter pools by the BBB is important in the minimization of
“cross talk” between these separate systems.

1.2.2. Neurotoxins, Macromolecules, and Essential Nutrients.
Taking into account that in the adult CNS steady neu-
rodegeneration greatly overshadows neurogenesis [16], the
sheltering of the CNS from endogenous and foreign toxins is
of paramount importance.TheTJ of the BBBprovide an effec-
tive and stable barrier from potential toxins circulating in
the peripheral blood, while a family of ATP-binding cassette
(ABC) transporters in the BBB actively pump such toxins out
of the brain. Total protein content in the CNS is inherently
lower than plasma levels given the highly selective permeabil-
ity of the BBB. Consequently, many plasma macromolecules
such as albumin, prothrombin, and plasminogen, which can
cause irreversible damage to nervous tissue resulting in apop-
tosis, are excluded. Furthermore, specific transporter systems
such as the glucose transporter 1 (GLUT1) which is exclusive
to the BBB and monocarboxylate transporter 1 (MCT1)
facilitate the transport of glucose andmonocarboxylates (i.e.,
lactate), respectively, as fuel for the brain [17]. The L1 and y+
systems, present ubiquitously in the BBB, provide transport
for all essential amino acids into the CNS [18]. Five sodium
dependent systems, ASC, A, LNAA, EAAT, and N, facilitate
the efflux of nonessential AA (ASC,A), essential AA (LNAA),
the excitatory acidic AA (EAAT), and nitrogen-rich AA (N)
from the brain [4]. Larger neuroactive peptides and proteins
including enkephalins [19], arginine-vasopressin (AVP) [20],
and luteinizing-hormone releasing hormone (LHRH) can
generally not pass the BBB and thus rely upon highly specific
transporter systems to move from blood to brain and vice
versa. Peptide transport system 1 (PTS-1) and PTS-2 mediate
the efflux of enkephalins and AVP, respectively [21], from
the brain while PTS-4 facilitates bidirectional transport of
LHRH [4]. Other large proteins such as leptin [22], insulin
and insulin-like growth factor [12], low-density lipoproteins
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(LDL) [23], and immunoglobulin-G (IgG) [24] also rely on
receptor-mediated transport systems to cross the BBB.

In sum, the BBB serves two main functions: (i) estab-
lishment and maintenance of a specific and stable fluid
environment to meet the rigorous needs of the CNS and (ii)
protection of the CNS from potentially damaging material
originating from both within and outside the confines of the
body. The slightly imperfect nature of the BBB allows for the
free diffusion of certain small essential water-soluble nutri-
ents, while other complex nutrients rely on highly selective
transport systems to enter the brain. Therefore, considering
the central role of the BBB in protecting the CNS against
neurotoxic compounds, there has been growing interest in
the understanding of the BBB function in neuropsychiatric
disorders.

1.3. Neurovascular Unit. The neurovascular unit (NVU) was
initially defined as “interactions between circulating blood
elements and the blood vessel wall, extracellular matrix, glia,
and neurons” [25] but has recently developed to incorporate
other structures including pericytes and microglia (detailed
anatomy and organization is reviewed in [26, 27]). Due to
the amalgamation of these structures, the NVU is considered
the site of the coupling of neuronal activity and cerebral
blood flow [28, 29]. The various components of the NVU
are intricately linked to one another, and this relationship is
facilitated by adhesion molecules (including cadherins and
integrins) and gap junctions [30–32], which in conjunction
with ion channels aid in the movement of various ions such
as calcium and potassium, and also other neuromodulators
(ATP) [33, 34]. The interlink between neuronal and vascular
components is genetically tied as during early embryogenesis
neural progenitor cells (originating from neural tube) and
vascular progenitor cells (originating from neural plate) are
positioned in close proximity [35–37]. Due to their position
relative to one another, both neural and vascular cells are
exposed to similar factors and both respond to vascular
endothelial growth factor (VEGF) and nerve growth factor
(NGF) [38, 39]. The various components of the NVU all play
a distinct and specific role in maintaining the functionality of
the NVU [30, 40]; however the exact role of each component
is still yet to be elucidated [37, 41].

Exploring the relationship between neurological condi-
tions and NVU dysfunction is still in its infancy; however
indirect and epidemiological data does suggest a role for
NVU dysfunction in psychiatric conditions such as major
depressive disorder (MDD). A study examining endothelial
dysfunction via the relative uptake ratio (RUR) of blood flow
in the brachial artery following hyperemic challenge found
a significantly lower RUR in patients with MDD or minor
depressive disorder as compared to healthy controls, imply-
ing impaired vascular endothelial function [42]. Another
study exploring apoptotic activity in the endothelium (%
of apoptotic nuclei in human umbilical vein endothelial
cells) found a significantly greater amount of apoptotic
nuclei in patients with MDD when compared to healthy
controls [43]. Epidemiological studies also point towards a

role for vascular endothelial impairment in MDD. A meta-
analysis encompassing 16,221 studies found an increased risk
for MDD in those with major vascular diseases including
diabetes, cardiovascular disease, and stroke [44].

2. Models of BBB Disruption in
Neuropsychiatric Disorders

2.1. BBB in Alzheimer’s Disease and Multiple Sclerosis

2.1.1. Alzheimer’s Disease. Alzheimer’s disease (AD) is char-
acterized by a progressive decline in cognitive function
with an onset of >65 years old in most cases. Biologically,
AD has been associated with defects in the neurovascular
system, accumulation of amyloid-𝛽 (A𝛽; neurotoxin) on and
around blood vessels as well as in the brain parenchyma,
and the presence of neurofibrillar tangles (NT) [4, 45, 46]
and hyperphosphorylated tau [47]. The role of A𝛽 in AD is
the most studied and well understood. Notably, it has been
recently shown that peripheral circulating A𝛽 is transported
into the brain via the receptor for advanced glycation end
products (RAGE) [48]. Normally expressed in relatively low
levels, the expression of RAGE in the BBB is greatly amplified
in response to the accumulation of RAGE ligands including
A𝛽 [48, 49]. This A𝛽/RAGE interaction in the BBB may
lead to increased transportation of circulating A𝛽 into the
CNS, resulting in a NF-𝜅Bmediated activation of endothelial
cells and the release of proinflammatory cytokines. It has
been demonstrated that binding of A𝛽/RAGE at the luminal
membrane of the BBB can destroy RAGE expressing neurons
through oxidative damage. The clearance of A𝛽 from the
brain is facilitated by lipoprotein receptor-related protein 1
(LRP1). Numerous studies using both animal models and
human patients with AD show that A𝛽 clearance is impaired
in these cases [49–53]. For instance, LRP1 functions to
transport A𝛽 into the periphery vascular system whereupon
soluble LRP1 (sLRP1) facilitates the total systematic clearance
of A𝛽 from the body via the kidney and liver. The role of
LRP2 is not well understood but is hypothesized to utilize
apolipoprotein J (APOJ) to facilitate the transfer of A𝛽
out of the brain [54]. Moreover, the ATP-binding cassette
(ABC) family of transporters have also been implicated in
A𝛽 clearance. ABCB1 (P-glycoprotein, P-gp), the product of
the MDR1 gene, is the best known and best studied of these
transporters. Most commonly found in the BBB, several in
vitro and in vivo studies have found ABCB1 to clear A𝛽
from the albuminal to the luminal side of the membrane
[55]. In MDR1 transfected pig kidney epithelial cells, the
transport of A𝛽

40
and A𝛽

42
was significantly decreased in

the presence of cyclosporine A (ABCB1 inhibitor) [56].
Additionally, following the injection of labelled A𝛽

40
and

A𝛽
42
intoABCB1 knockoutmice, the clearance rate of A𝛽was

found to be half that of the wild type [57]. In addition to faulty
BBB clearingmechanisms in the pathology of AD, recent evi-
dence using APP23 transgenic mice overexpressing mutant
human APP, the precursor of A𝛽, suggests that the BBB may
be susceptible to peripherally induced inflammation [46].
For instance, Takeda et al. administered a peripheral LPS



4 Neural Plasticity

injection to APP transgenic mice and observed a greater
increase in inflammatory levels in the brain interstitial fluid,
which was accompanied by abnormalities in food intake,
social behaviour, and basal activity [46]. In summary, various
models of AD suggest that BBB dysfunction is associated
with abnormal A𝛽 clearance and increased permeability and
subsequent influx of proinflammatory substances into the
CNS.

2.1.2. Multiple Sclerosis. Multiple sclerosis (MS), a brain
disorder characterized by extensive damage to the myelin
sheath, presents a wide host of symptoms including but
not limited to numbness and weakness in limbs, visual
impairments, electric shock sensations, tingling and/or pain
across the body, and cognitive impairment. While the exact
cause of MS remains unknown, there is still a debate whether
or not MS is an autoimmune disease, as classically held,
or if it is in reality a neurodegenerative disorder [58, 59].
With respect to the autoimmune aspect of MS, the BBB is
responsible for the regulation of immune cell transport and
inflammatory pathway mediator activity from the periphery
into the CNS. Under physiological conditions, few leukocytes
are present in the CNS but in response to injury and/or
disease peripheral leukocytes are thought to enter the cerebral
spinal fluid (CSF), the parenchymal perivascular space, and
the subarachnoid space [2, 18, 19]. In the experimental
autoimmune encephalomyelitis (EAE) model of MS, it has
been shown that aggressive CD4+T lymphocytes accumulate
in the brain via the BBB and blood-CSF barrier [60–62].
A subset of these T lymphocytes have been reported to
exert immunosurveillance in the CNS while another subset
is implicated in the destruction of neurons. The regulation
and transport of immune cells and other mediators across
the BBB and blood-CSF barrier are thus thought to be
implicated in the pathophysiology of MS. An imaging study
using dynamic contrast-enhancedMRI (DCE-MRI) noted an
increase in BBB permeability, as measured by Ktrans, in the
periventricular normal appearing white matter (NAWM) in
patients with MS [63]. Notably, immunomodulatory treat-
ment (with 𝛽-interferon or glatiramer acetate) aided in the
gradual decrease of BBB permeability following a relapse
episode. Considering that 𝛽-interferon has been shown to
stabilize the barrier on brain capillary endothelial cells in vitro
[64], this study provided strong evidence that abnormalities
in the BBB functionmay be associated with the neurobiology
of MS. Notably, a recent in vitro study that exposed human
brain microvascular endothelial cells (BMECs) to serum
from patients with relapse-remitting MS (RRMS) found that
serum from patients with RRMS lowered claudin-5, an inte-
gral TJ protein expression, and decreased transendothelial
electrical resistance [65]. Together, these clinical and preclini-
cal studies indicate that an increase in BBB permeability may
occur soon after the flare-ups observed in MS. In addition,
preliminary yet encouraging data suggest that successful anti-
inflammatory treatment may speed up the rate of closing of
the BBB.

2.1.3.TheRole ofMatrixMetalloproteinase-9 on BBBFunction.
Matrix metalloproteinases (MMPs) encompass a large family
of proteases which are typically produced in a latent form and
upon activation by inflammatory stimuli regulate pathophys-
iological pathways including the regulation of growth fac-
tors, death receptors, and various other signalling molecules
[66, 67]. The effects of MMPs are diverse and depend on
a host of factors such as location, time, and surrounding
environment and thus some MMPs can engage in opposite
functions at different points in time. For instance,MMPs have
been implicated in angiogenesis, neurogenesis, axon growth,
tissue repair, myelinogenesis, and apoptotic protection [68–
70]. Notably, the promoter region of MMP9 includes a
binding region for activator protein-1 (AP1) and NF-𝜅B,
both of which are involved in key inflammatory pathways
and thus linking neuroinflammation and MMP9 [67]. Upon
the induction of the neuroinflammatory pathway, MMP9
along with MMP2 and MMP3 can facilitate the proteolysis
of the basal lamina, TJ, and extracellular matrix resulting
in increased BBB permeability [71, 72]. Inhibitors of MMPs
have been shown to restore BBB integrity [73]. In individuals
experiencing an exacerbation of MS, MMP9 was found to
be elevated in the CSF [74] and treatment with prednisolone
was found to restore BBB integrity resulting in a decrease
of MMP9 levels in the CSF [75]. Furthermore, in an EAE
model of MS in which demyelination is associated with
neuroinflammation, treatment with the MMP inhibitor GM-
6001 halted the progression of EAE in mice [76].

Accumulation of A𝛽 endogenously induces the secretion
of MMPs in microglia and astrocytes as a part of the
neuroinflammatory pathway [67, 77]. Plasma MMP9 levels
are elevated in patients with AD [78]. PCR and immuno-
histochemistry data show accumulation of a latent/inactive
form ofMMP9 in the hippocampus of patients with AD [79],
which is postulated to be associated with less degradation of
A𝛽 plaques in the brain. In addition, A𝛽-induced cognitive
impairment and neurotoxicity were significantly alleviated
in MMP9 homozygous K/O mice and with administration
of MMP inhibitors [80]. Together, these studies indicate an
important role ofMMP9 in AD andMS via BBB dysfunction.

2.2. BBB in Schizophrenia. The role of BBB dysfunction
in psychiatric conditions has been far less studied. Some
studies have investigated “blood-CSF barrier dysfunction”
as measured by CSF-to-serum albumin ratio. Evidence of
increased CSF-to-serum albumin ratio has been reported
in individuals with schizophrenia (SCZ) [81–83], bipolar
disorder (BD) [84], and a mixed sample of inpatients with
mood and SCZ spectrum disorders [85]. Given that albumin
is not synthesized in the CSF, all albumins present in the CSF
originated from the peripheral blood compartment. Thus,
these findings of elevated CSF-to-serum albumin in mood
and SCZ subjects have been interpreted as potential blood-
CSF or BBB dysfunction. A recent controversial study [86]
proposed a link between BBB dysfunction and SCZ based
on two indirect findings: (a) worse scores in the Cambridge
Neurological Inventory in SCZ subjects who were positive
for anti-NMDA receptor autoantibodies and had past history
of birth complications or head trauma (used as proxies of
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BBB disruption) and (b) behavioural changes in ApoE −/−
mice (known to display BBB deficiency) after injection of
Ig fractions from NMDAR-autoantibodies (NMDAR-AB)
seropositive (IgM, IgG, and IgA) subjects compared to serum
from control subjects. However, this study has been criticized
[87] by (i) using retrospective data to determine birth compli-
cations and history of head trauma and assuming that these
retrospective events disturbedBBB integrity; (ii) by providing
no confocal microscopy images pertaining to their NMDA
receptor immunostaining in the presence of NMDAR-AB,
thus calling into question their immunostaining results by
pointing to other studies [88, 89] which utilized anti-NMDR
encephalitis antibodies to visualize NMDAR internalization
with confocal microscopy and could not draw the same
conclusions; and (iii) by suggesting that the study needed to
prove that the injection of patients’ IgG reached the brain,
bound to NMDAR, and altered receptor levels and functions
before drawing strong conclusions using the ApoE −/−mice
data.

Therefore, while the study of BBB in psychiatric disorders
is still in its infancy, there is converging data showing that
SCZ and BD are associated with increased CSF-to-serum
albumin ratio.

3. Why BBB Disruption May Be Associated
with Bipolar Disorder?

Like most major neuropsychiatric disorders, BD has also
been heavily linked with inflammatory processes. In fact,
increased neuroinflammation is thought to mediate, at least
in part, the cognitive decline as well as the abnormalities
observed in gray and white matter content in individuals
with BD. In addition, several cohort studies have now
demonstrated that BD is associated with excessive mortality
rates [90–92]. Compared to the general population, indi-
viduals with BD die on average 9 years younger [93], but,
more importantly, these striking elevated mortality rates are
primarily due to death from natural causes including car-
diovascular, respiratory, diabetes, and infectious diseases, all
of which have been associated with increased inflammation
[93–95]. Below, we propose a novel model where disruption
in the BBB is associatedwith less protection and subsequently
more influx of inflammatory material from the periphery to
the brain of individuals with BD.

3.1. Inflammation and Oxidative Stress in Bipolar Disorder.
Several lines of evidence indicate that BD is associated with
increased inflammation and oxidative stress. For instance,
the monocyte-T cell theory of mood disorders implicates the
inflammatory response system (IRS) as a primary contributor
to the neurobiology of BD [96]. This theory is supported
in part by evidence of increased levels of proinflammatory
cytokines including IL-1, IL-6, and TNF-𝛼 in plasma [97, 98],
abnormal expression of proinflammatory genes in circulating
monocytes [99], and evidence that psychotropics can modu-
late the immune system [98–101]. Activation of the immune
system is linked with neuroinflammation through activation
of microglia which is a central player in neuroinflammatory

pathways [97]. A recent PET imaging study using [11C]-(R)-
PK11195 found greater [11C]-(R)-PK11195 binding potential in
the right hippocampus and a similar nonsignificant trend in
the left hippocampus of bipolar type I subjects, suggesting
increasedmicroglial activity and neuroinflammation in these
brain areas. Notably, oxidative damage to RNA [102] and
decreased expression of growth associated proteins [103],
both believed to be involved in neuroinflammation [104],
have been observed in postmortem hippocampal samples
from BD subjects. Disruption of mitochondria, responsible
for the regulation of apoptosis and intracellular calcium lev-
els, has been increasingly implicated as a contributing factor
in the oxidative stress facet of BD perhaps through decreased
activity of mitochondrial complex I [105]. Moreover, studies
conducted in the peripheral blood have consistently found
increased markers of oxidative damage to lipids, RNA, and
DNA in BD [106, 107].

3.2. Oligodendrocyte and Myelin Damage in Bipolar Disorder.
Oligodendrocytes facilitate the formation and stability of
neural circuits by insulating axons with myelin sheath. In
the last several years, there has been increasing attention
to changes in white matter and oligodendrocyte struc-
ture/function in BD. For instance, oligodendrocyte-specific
mRNA markers including OLIG2, SOX10, GALC, MAG,
PLP1, CLDN11, MOG, ERBB3, and TF were found to be
downregulated in the brain of individuals with BD [108].
Uranova et al. used electronmicroscopy to analyze ultrastruc-
tural altercations in oligodendrocytes in the prefrontal cortex
of individuals with BD [109].The oligodendrocyte cells in BD
were found to be surrounded by astroglial cells and displayed
strong signs of apoptosis and necrosis. In this qualitative
study, apoptosis was characterized by nuclear chromatin
aggregation, cell shrinkage, and the preservation of organelles
while necrosis was characterized by chromatin condensation,
cell swelling, and membrane lysis of organelles. Previously,
this group described a decrease in oligodendrocyte density
in layer VI of BD patients (31%) [110], further implicating
oligodendrocyte disruption in the pathophysiology of BD.
Furthermore, several imaging, genetic, and postmortem tis-
sue analyses have shownmyelin abnormalities in BD subjects
[108, 111–114], establishing a link between oligodendrocyte
dysfunction and myelin damage in BD.

3.3. Implication of Inflammation and Oxidative Stress in the
Treatment of Bipolar Disorder. One of the key questions
in BD research has been the extent to which available
treatments may reverse/prevent inflammation and oxidative
stress. While an extensive review of the effects of pharmaco-
logical and nonpharmacological treatments on inflammation
and oxidative stress is beyond the objective of the present
paper, there is growing evidence that mood stabilizing and
antidepressant agents possess anti-inflammatory and antiox-
idant properties (as reviewed in [115, 116]). Lithium, the
hallmark treatment of BD, was shown to aid in the defence
against oxidative stress by upregulating mitochondrial com-
plexes I and II [117]. Relevant to the notion that lithium
can protect against ROS-induced damage, previous studies
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Figure 1: Proposed model of blood-brain barrier (BBB) disruption in bipolar disorder. Increased BBB permeability through the endothelial
cells (pink) and basal membrane (dark pink) may facilitate increased migration of inflammatory molecules into the brain. Activation of
microglial cells (light orange) and an increase in reactive oxygen species (ROS) would amplify neuroinflammatory processes and ultimately
induce damage in the myelin sheath, either directly via lipid/protein oxidation or indirectly via oligodendrocyte dysfunction (dark orange).

have shown that oxidative stress can effect BBB permeability,
particularly by affecting the integral TJ protein occludin
[118, 119]. Administration of tempol, a ROS scavenger, to
𝜆-carrageenan-induced peripheral inflammatory pain (CIP)
rats attenuated (14)C-sucrose and (3)H-codeine uptake in the
brain and provided protection to occludin, thus preserving
BBB integrity [120]. Future studies investigating the ability of
lithium to protect against BBB disruption are warranted.

Lithium also downregulates the arachidonic acid-pros-
taglandins (PGs) pathway [121, 122] which has been impli-
cated with neuroinflammation [123, 124]. More specifically,
chronic lithium treatment resulted in decreased AA to
PGs turnover, decreased activity of cyclooxygenase-2 (COX-
2), the enzyme responsible for converting AA to PGs,
and PG-E

2
concentration in rat brain [125]. Another pre-

clinical study showed that lithium treatment significantly
increased levels of 17-hydroxy-docosahexaenoic acid [126],
which possesses known anti-inflammatory properties [127,
128]. Furthermore, several in vitro an in vivo studies have
shown that lithium treatment results in the attenuation of
proinflammatory cytokines including TNF-𝛼 [129–131], IL-
1𝛽 [132–134], IL-6 [135–137], and interferon-𝛾 (INF-𝛾) [138–
140] while increasing the secretion of the anti-inflammatory
cytokines IL-2 [141–143] and IL-10 [134, 140, 144]. With
respect to oligodendrocyte function, lithium treatment has
been shown to increase oligodendrocyte proliferation and
increase myelination of optic nerves in mice [145].

In summary, there is overwhelming data pointing
towards inflammatory and oxidative stress modulation by
lithium and other psychotropic agents. Given that inflamma-
tion and oxidative stress have been associatedwith disruption
in the BBB integrity, a natural next step for future studies is
to test whether lithium and/or other mood stabilizing agents
used in the treatment of BDmay protect against BBB damage.

3.4. A Novel Model of BBB Disruption in Bipolar Disorder.
Decades of research has implicated increased peripheral
inflammation and oxidative stress, as well as oligodendrocyte
and white matter changes in the pathophysiology of BD.This
is in line with a number of cohort studies showing increased
mortality rates due to general medical conditions associated
with inflammation and oxidative stress. Further evidence is
provided by studies showing that first-line treatments for BD,
such as lithium, can modulate inflammatory and oxidative
stress pathways. More recently, imaging and postmortem
studies have provided evidence of increased neuroinflamma-
tion in BD through excessivemicroglial activation. Consider-
ing the close anatomical proximity ofmicroglia, oligodendro-
cytes, and astrocytes to the BBB, and the increasing attention
of BBB disruption in other neuropsychiatric conditions, such
as AD, MS, and SCZ, we propose a novel model of BBB
dysfunction in BDwherein transient or persistent loss of BBB
integrity is associated with decreased CNS protection and
increased permeability of proinflammatory (e.g., cytokines,
reactive oxygen species) substances from the peripheral
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blood into the brain. This will trigger the activation of
microglial cells and promote localized damage to oligo-
dendrocytes and the myelin sheath, thereby compromising
myelination and neural circuit integrity (Figure 1).

While we could not identify a study that directly exam-
ined the BBB integrity in BD, a recent study found increased
levels of MMP9, which increases BBB permeability during
proinflammatory states (see Section 2.1.3), in bipolar depres-
sion [146]. In addition, both manic and depressive episodes
are associated with increased levels of proinflammatory
cytokines [147] and, therefore, it is conceivable that BD
subjects may experience a transient increase in the BBB
permeability during each major mood episode. Also, it is
well established that most drugs of abuse disrupt the BBB
integrity [148, 149]. Given the exceeding rates of drug abuse
in individuals with BD, it is also likely that excessive drug
use can contribute to the disruption in BBB permeability
in a substantial proportion of individuals with BD. This is
in line with an elegant twin study showing that peripheral
proinflammatory states in BD are primarily the result of
environmental as opposed to genetic factors [150].

3.5. Future Directions. It is imperative to test this model by
further analyzing the role of the BBB in BD. Currently, at least
a couple of brain imaging techniques are available to test the
hypothesis of disrupted BBB structure or function directly
in individuals with BD. One possibility would be the use of
dynamic contrast-enhanced MRI (DCE-MRI) as a method
for studying BBB disruption in vivo [151]. Another available
technique is the use of [11C]-verapamil to study the function
of the P-glycoprotein (Pgp) transporter at the blood-brain
barrier (BBB) with PET [152]. Finally, the use of in vivo and
in vitro preclinical models may be particularly useful to test
whether lithium and other medications commonly used in
the treatment of BD can reverse and/or prevent BBB damage.
If a link between BD and BBB disruption is established, this
would not only advance the knowledge on the neurobiology
of BD but also open numerous possibilities to investigate
new treatment pathways (e.g., MMP inhibitors [153], ROS
scavengers [120]) for this devastating major mental illness.
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Pediatric bipolar disorder (PBD) is a seriousmental disorder that affects the development and emotional growth of affected patients.
The brain derived neurotrophic factor (BDNF) is recognized as one of the possible markers of the framework and its evolution.
Abnormalities in BDNF signaling in the hippocampus could explain the cognitive decline seen in patients with TB. Our aim with
this study was to evaluate possible changes in hippocampal volume in children and adolescents with BD and associate them to
serumBDNF. Subjects included 30 patients aged seven to seventeen years from the ProCAB (Program for Children andAdolescents
with Bipolar Disorder). We observed mean right and left hippocampal volumes of 41910.55 and 41747.96mm3, respectively. No
statistically significant correlations between peripheral BDNF levels and hippocampal volumes were found.We believe that the lack
of correlation observed in this study is due to the short time of evolution of BD in children and adolescents. Besides studies with
larger sample sizes to confirm the present findings and longitudinal assessments, addressing brain development versus a control
group and including drug-naive patients in differentmood statesmay help clarify the role of BDNF in the brain changes consequent
upon BD.

1. Introduction

Bipolar disorder (BD) is a severe mental disorder character-
ized bymood swings during which a person has distinct peri-
ods of impairing elevated (mania) or decreased (depression)
mood and energy [1]. It occurs in approximately 0.4 to 1.6%

of adults and in 1% in children and adolescents [2, 3]. In
the early-age onset presentation (pediatric bipolar disorder,
PBD), difficulties in interpersonal relationships, academic
functioning, and negative outcomes such as multiple hospi-
talizations and high rates of suicide attempts are observed
[4, 5].
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2 Neural Plasticity

Despite the devastating effects of BD on child develop-
ment, little is known about the causes of this disorder. Its
etiology is probably multifactorial, including biological and
environmental factors [6]. Studies in adults with BD suggest
that neurotrophins, particularly brain-derived neurotrophic
factor (BDNF), inflammatory markers, and oxidative stress
may be related to the etiology of this disorder [7, 8]. BDNF
is the most abundant neurotrophin in the brain, and it has
been implicated in neuronal processes such as neurogenesis,
neuronal survival, dendritic growth, and synaptic plasticity
[9]. It has been suggested that neuronal viability might be
affected by neurotrophins persistent reduction [10]. Kauer-
Sant’Anna and colleagues found BDNF levels were lower
in patients who had multiple episodes of the disorder,
which led to the hypothesis that episode-related reduction of
neurotrophins could explain some of the structural changes
in the brain observed in bipolar patients [11]. Besides that,
BDNF is highly expressed in the cortex and hippocampus,
areas of the brain known to regulate complex functions such
as memory and emotion.

Structural and functional neuroimaging studies of pedi-
atric BD generally converge with adult studies in implicating
frontolimbic structures [12] and smaller sizes of amygdala
[13] and hippocampus [14, 15], and a significant negative
correlation between the volume of the right hippocampus of
adolescents with BD and disease duration has been reported.
Although these findings are preliminary due to relatively
small sample sizes, hippocampal commitment is consistent
across several investigations.

Altogether, these findings suggest that abnormalities of
BDNF signaling in the hippocampus could be an explanation
to the cognitive deficits observed in PBDand brain alterations
present in adults after multiple episodes [10, 16]. The most
consistent associations between PBD and cognitive deficits
were reported for impairments in working memory, verbal
memory, attention, executive function, response flexibility,
reversal learning, processing speed, set shifting, and visu-
ospatial memory [17].

Due to the involvement of BDNF inBDand its abundance
and influence on neurogenesis in the hippocampus, we
evaluated the correlation between peripheral levels of BDNF
and hippocampal volumetric measurements in children and
adolescents with BD. Furthermore, based on previous studies
showing [1] early cognitive deficits in PBD, we evaluated the
workingmemory of patients with PBD.We also hypothesized
that patients with longer disease duration would present
lower serum BDNF levels, poorer neurocognitive perfor-
mance, and reduced hippocampal volumes.

2. Methods

This was a cross-sectional study. Children and adolescents
with bipolar disorder I, bipolar disorder II, or bipolar disorder
NOS evaluated in the ProCAB (Pediatric Bipolar Disorder
Outpatient Program) of the Hospital de Cĺınicas de Porto
Alegre were invited to participate. Enrollment was performed
from 2012 to 2013. Inclusion criteria were as follows: ages

7–17 years; both genders; bipolar diagnosis I, bipolar diag-
nosis II, or bipolar diagnosis NOS according to DSM-IV.
Of note, since the most representative sample of pediatric
bipolar disorder is the COBY study (Course and Outcome
of Bipolar Youth), our definition BD-NOS followed the same
criteria, that is, at least 4 episodes of 4-hour lasting mood
changes clearly differing from the usual for the subject [18].
Exclusion criteria were as follows: presence of schizophrenia,
pervasive developmental disorder, active substance abuse,
and contraindications to MRI.

2.1. Diagnostic Assessment. All patients underwent a three-
step procedure for diagnosis ascertainment.

First, a child and adolescent psychiatrist performed BD
symptom (DSM-IV and DSM5 criteria) and family history
of mental disorders screening with parents and children
together. A total of 127 subjects were assessed, and 95
(75%) were excluded due to not presenting BD-I, BD-II, or
BD-NOS. Two patients started the assessment but did not
complete it.

When the diagnosis of BD was suspected, patients and
parents went through a semistructured interview with the
schedule for affective disorders and schizophrenia for school-
age children, present and lifetime version (K-SADS-PL),
conducted by a research assistant.

Finally, a clinical evaluation was conducted by a second
child and adolescent psychiatrist that received all information
from previous queries. An important observation is that a
clinical meeting with all the professionals involved in the
assessment was conducted to define diagnosis, comorbidity,
and the treatment plan.

Patients diagnosed with BD-I, BD-II, or BD-NOS under-
went neuropsychological assessment, blood sampling for
BDNF level determination, and MRI. Young Mania Rat-
ing Scale (YMRS) and Children’s Depression Rating Scale
(CDRS) were also applied for the purpose of measuring
manic and depressive symptoms at the evaluation time.

2.2. Neuropsychological or Neurocognitive Assessment.
Full scale IQ was determined using the vocabulary and
block design subsets of the Wechsler Intelligence Scale for
Children-Third Version (WISC-III) and the Digit Span of
the WISC-III (total score and inverse order). According to
previous studies, Digit Span Inverse Order is more directly
correlated with working memory [19].

2.3. Neuroimaging Assessment

2.3.1. Images Acquisition. All patients underwent a 1.5 T
Philips Achieva magnetic resonance imaging (MRI) using
an eight-channel head coil. The structural images were
acquired using a sagittal 3D T1 weighted magnetization-
prepared rapid gradient-echo (MPRAGE) sequence (repe-
tition time = 8.7ms, echo time = 4.0ms, inversion time
= 1000ms, and flip angle = 8∘). Possible head movements
were minimized by placing foam pads inside the head
coil. The volumetric segmentation and measurement were
performed with the FreeSurfer image analysis suite, which
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is documented and freely available for download online
(http://surfer.nmr.mgh.harvard.edu/).

2.3.2. Processing of Structural Images. The image processing
was carried out with support from the National Supercom-
puting Center (CESUP), Federal University of Rio Grande
do Sul [20]. FreeSurfer v 5.3 was installed in the cluster with
Novell SUSELinuxEnterprise Server 11-SP1 operating system.
Each data set subject was allocated to one processing core and
included in the submission queue processing script.

Cortical reconstruction and volumetric segmentation
were performed with the FreeSurfer image analysis suite,
which is documented and freely available for download
online (http://surfer.nmr.mgh.harvard.edu/). Briefly, this
processing includes motion correction and averaging of
multiple volumetric T1 weighted images (when more than
one is available), removal of non-brain tissue using a hybrid
watershed/surface deformation procedure, automated
Talairach transformation, segmentation of the subcortical
white matter, and deep gray matter volumetric structures
(including hippocampus, amygdala, caudate, putamen,
and ventricles) [21, 22]. Automatic segmentation method
was used to measure hippocampal volume. Shortly, a
neuroanatomical label is assigned to every voxel in the
brain, comparing to an atlas whose encoding is based on
class and location classification. This procedure is based on
modeling the segmentation as a nonstationary anisotropic
Markov random field (MRF), in which the probability of a
label is modulated by the probability of its neighbors, with
the probabilities computed separately at each position in an
atlas, for each pair of tissue classes and for each of the six
cardinal directions [21].

2.4. BDNF Serum Levels Determination. BDNF serum levels
were measured with sandwich-ELISA, using a commercial
kit according to the manufacturer’s instructions (Millipore,
USA). Briefly, microtiter plates (96-well flat-bottom) were
coated for 24 h at 4∘C with the samples diluted 1 : 100 in
sample diluent and standard curve ranging from 7.8 to 500 pg
of BNDF. Plateswere thenwashed four timeswithwash buffer
followed by the addition of biotinylated mouse anti-human
BNDF monoclonal antibody (diluted 1 : 1000 in sample dilu-
ent), which was incubated for 3 h at room temperature. After
washing, a second incubation with streptavidin-horseradish
peroxidase conjugate solution (diluted 1 : 1000) for 1 h at
room temperature was carried out. After addition of substrate
and stop solution, the amount of BDNF was determined
(absorbance set in 450 nm).The standard curve demonstrates
a direct relationship between optical density (OD) and BDNF
concentration. Total protein was measured by Bradford’s
method (samples diluted 1 : 200) using bovine serum albumin
(BSA) as a standard.

2.5. Data Analysis. Data analysis was performed using the
Spearman correlation due to the fact that the dependent
variables (hippocampal volume and peripheral levels of
BDNF) had asymmetric distribution. Correlations between
hippocampal volume, BDNF levels, working memory, and

Table 1: Demographic data (𝑁 = 27).

Mean SD
Age (years) 13.89 2.98
Age of onset (years) 9.18 3.79
Disease duration (years) 4.74 3.38
YMRS 7.51 8.86
CDRS 28.11 11.31
QI 105.77 14.05
SD: standard deviation; YMRS: YoungMania Rating Scale; CDRS: Children’s
Depression Rating Scale.
IQ: intelligence quotient.

duration of disorder were also performed. All the analyses
were performed considering raw volumes for the hippocam-
pus and also for a corrected value according to total intracra-
nial volume, due to the high variation in our age range.

SPSS 20 forWindows was used for statistical analyses. All
statistical tests were two-tailed with a set at 0.05.

2.6. Ethical Issues. Children, adolescents, and their parents
were properly informed about the goal of the project and
accepted participating in the protocol and use of data anony-
mously for publications. This project was approved by the
Ethics Committee in Research of the Hospital de Cĺınicas de
Porto Alegre. A statement of informed consent was provided
by the parent or guardian and verbal assent by the patient.

3. Results

During the conduction of this study, 127 patients were
assessed, and 75% were excluded due to not presenting BD-
I, BD-II, or BD-NOS. Two patients started the assessment
but did not complete it. From the 30 patients available for
the protocol, twenty-seven patients completed the entire
evaluation. Three patients did not undergo MRI: one patient
got pregnant, and two patients were not able due to the use
of dental braces. Demographic/clinical data of the subjects
are described in Table 1. The final sample was composed
of 14 male and 13 female subjects, and their mean age
was 13.8 years. The age of onset of bipolar disorder among
patients ranged from 3 to 15 years. Intelligence quotient
(IQ) in the subjects ranged around 105.77 ± 14.05. The
majority of subjects presented bipolar disorder type I (77.7%),
3.7% bipolar disorder type II, and 18.6% BD-NOS. Disease
duration varied from zero to 14 years (average: 4.74; SD: 3.38).
From the 27 patients, 33.3% had comorbid ADHD, 18.5% had
comorbid anxiety disorders, and 18.5% had formal diagnosis
of ODD, as described in Table 2.

Most subjects (77.7%)were taking a number of psychiatric
medications: lithium or valproate monotherapy (𝑛 = 4;
14.8%); atypical antipsychotics monotherapy (𝑛 = 4, 14.8%);
combined lithium plus anticonvulsants/antipsychotics (𝑛 =
6, 22.2%); combined anticonvulsants/antidepressants (𝑛 =
1, 3.7%); multiple combination therapy (𝑛 = 5, 18.5%);
concomitant use of stimulants (𝑛 = 7, 25.9%). The mean
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Table 2: Diagnostic data (𝑛 = 27).

Subjects (%)
BD-I 21 (77.7%)
BD-II 1 (3.7%)
BD-NOS 5 (18.6%)
ADHD 11 (41%)
Anxiety disorders 5 (18.6%)
ODD 5 (18.5%)

Table 3: MRI/working memory results (𝑁 = 27).

Average Standard deviation
Right hippoc. vola (mm3) 4191.05 416.30
Left hippoc. volb (mm3) 4174.79 506.74
Total hippoc. volc (mm3) 8365.85 901.58
BDNF (pg/𝜇g protein) 19.58 6.33
Digit Span TSd 6.66 1.83
Digit Span IOe 4.48 1.90
aRight hippocampus volume; bleft hippocampus volume; ctotal hippocam-
pus volume; all were determined with automatic segmentation method.
dDigit Span Total Score; eDigit Span Inverse Order.

number of psychoactive medications for children in this
group was 1.74.

Table 3 shows right hippocampus volume (RHV) and
left hippocampus volume (LHV), respectively, 4191.05 (mm3)
(SD = 416.30) and 4174.79mm3 (SD = 506.74), as determined
by automatic segmentation method. Total intracranial vol-
umemeanswere 1512863.14mm3 (SD= 151579.76). Peripheral
BDNF levels varied around 19.58 ± 6.33 (pg/𝜇g protein). The
average Digit Span Total Score was 6.66. The average Digit
Span Inverse Order was 4.48.

3.1. Primary Analysis. Table 4 shows correlation coefficients
of right hippocampus volume, left hippocampus volume,
and total hippocampus volume with BDNF. Those were,
consecutively, 0.15, 0.03, and 0.10, with significance levels
of 0.46, 0.89, and 0.62, respectively. After correction for
intracranial total volume, those values were, consecutively,
.090,−.125, and .007, with significance levels of .663, .544, and
.972 (Table 5).

Correlation coefficients between RHV, LHV, and THV
and the Digit Span Inverse Order were 0.02, 0.10, and 0.05,
respectively, and are also presented in Table 4. No correlation
was significant. We did not observe any correlations between
BDNF levels and disorder duration, as well as in working
memory as measured by the Digit Span Inverse Order test
(Table 6). Adjustment for intracranial total volume has not
shown a statistically significant correlation.

4. Discussion

In our evaluation of hippocampus volume and peripheral
levels in children and adolescents with bipolar disorder, no
statistically significant correlations were detected. The same

occurred with respect to working memory and disease dura-
tion. We emphasize that post hoc analyses were conducted,
evaluating peripheral BDNF levels and hippocampus volume
in patients with higher and lower disease duration. But still
no correlations were found.

Although studies in adults have been able to show the
relationship between peripheral BDNF levels and hippocam-
pus volume, we hypothesized that the lack of correlation
found in this study may represent the short time of evolution
of BD in children and adolescents. Usually in adult BD
studies, reduced BDNF levels are found in chronic or late-
stage individuals with BD, in comparison with patients in
early stages of the illness [11].The same occurs in neuroimag-
ing studies in bipolar disorder, meaning that the effects of
systemic toxicity, cognitive and functional impairment, and
biological changes seen in BD tend to be cumulative and
much more prominent after multiple episodes [23]. Thus,
these changes may not yet be found in patients with few years
of the disease, as occurs in children and adolescents with BD.

Even diseases that are proven to exert a strong influence
on hippocampusmorphology and structure, such as epilepsy,
may still not reveal changes in neuroimaging exams when in
children. For instance, studies of newly diagnosed epilepsy
typically fail to find many patients with clear structural
subcortical changes at the onset. Zhang et al. compared hip-
pocampus volumes in children with temporal lobe epilepsy
(TLE) and healthy controls using magnetic resonance imag-
ing. They have not found hippocampus volume reduction in
diagnosed definite/probable TLE children [24]. While there
is evidence from adult studies and studies in chronic epilepsy
patients that hippocampus atrophy may be a progressive
lesion, there is little information regarding hippocampus
abnormalities early in the course of epilepsy in patients,
particularly in children [25–27].

Our study was limited, in part, by the fact that we used a
convenience sample, due to the short time we had available.
Therefore, our sample only offered statistical power higher
than 80% to detect correlation coefficients higher than 0.5
using two-sided hypothesis tests with a significance level
of 0.05. In this way, the possibility of type 2 error cannot
be ruled out. Another limitation was the lack of a control
group for comparison of BDNF levels, which is a sugges-
tion to future researches. The inclusion of a control group
would allow the observation of developmental differences
not associated with BD. However, this is the first study
addressing brain volumetrics and peripheral biomarkers in
PBD, and our exploratory analyses suggest neurobiological
underpinnings of BD in children and adolescents may differ
from this same disorder in another developmental stage
(adult life). Besides that, most of our subjects were taking
psychotropic medications at the time of the assessment and
were euthymic.This is not uncommon given the ethical issues
inherent in discontinuing medication in children with severe
psychiatric illnesses. Previous investigations demonstrated
that antimanic and antidepressant agents may influence the
effects of BDNF on hippocampus, and that could induce
morphological changes in subcortical area in BD, which
could also lead to recovery of cognitive function. Due to
the cross-sectional design of our study, we cannot state that
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Table 4: Correlations between levels of BDNF, hippocampal volume, and neuropsychological measures.

RHVa LHVb THVc

𝜌 (rho) 𝑃 𝜌 (rho) 𝑃 𝜌 (rho) 𝑃

Disease duration .107 .595 .251 .207 .217 .276
BDNF .148 .461 .027 .892 .100 .621
IQ −.009 .963 .065 .749 .045 .825
Digit Span TSf −.098 .587 .102 .743 .014 .985
Digit Span IOg

−.021 .918 .097 .632 .045 .825
aRight hippocampus volume; bleft hippocampus volume; ctotal hippocampus volume; dcorrelation coefficient; esignificance; fDigit Span Total Score; gDigit
Span Inverse Order.

Table 5: Correlations between levels of BDNF and hippocampal
volume controlling for intracranial volume.

RHVa LHVb THVc

𝜌 (rho) 𝑃 𝜌 (rho) 𝑃 𝜌 (rho) 𝑃

BDNF .090 .663 −.125 .544 .007 .972
aRight hippocampus volume; bleft hippocampus volume; ctotal hippocam-
pus volume.

Table 6: Correlation amongBDNFversus disease time, IQ, and digit
span.

BDNF
𝜌 (rho) 𝑃 value

Disease time .069 .731
IQ .069 .732
Digit span −.187 .351

medication use may have influenced the results. Also, we ran
additional analyses comparing results for patients who were
on and off medication, and no significant differences have
arisen [28–31].

Another limitation of our study was the use of auto-
matic segmentation method to measure and compare hip-
pocampal volumes. Manual and automatic segmentation
methods have been compared in some studies [32–34]. The
findings mostly validate the use of automatic methods for
segmentation of brain structures, confirming FreeSurfer’s
potential to determine hippocampal volumes in large-scale
studies, even though therewas a systematic volume difference
between FreeSurfer and manual results. Dewey et al. com-
pared FreeSurfer and individual brain atlases using statisti-
cal parametric mapping (IBASPM) to autoassisted manual
tracings [35]. They evaluated FreeSurfer to be effective for
subcortical volumetry but recommend visual inspection of
segmentation output along with manual correction to ensure
validity of the data. Wenger et al. compared automatic versus
manual segmentation in including 44 younger participants
(20–30 years) and 47 older participants (60–70 years) and
results reveal high stability coefficients over time for both
manual and FreeSurfer segmentations [36]. With FreeSurfer,
correlations over time were significantly lower in the older
than in the younger age group, which was not the case with
manual segmentation. Absolute agreements between the two
measures, however, were considerably lower, as FreeSurfer

estimated volumes to be higher. This volume difference was
larger in the young than in the old. FreeSurfer detected a
significant age difference in hippocampal volume, whereas
manual tracing did not. However, manual tracing resulted in
a significant difference between left and right Hc, whereas
FreeSurfer segmented both sides in a more similar manner.
They concluded that, in the younger age group, FreeSurfer
can be regarded as a reliable and valid method for assessing
differences in hippocampal volume, with at least as high
reliability as manual tracing.

The study of possible correlations between serum levels
of BDNF, working memory, and hippocampal volumetric
changes in patients with BD through neuroimaging can
make important contributions to the understanding of the
neurobiology of these disorders, such as how and when
the course of the disorder would play its effects on brain
development. Our findings suggest that, in early ages, brain
volumetric alterations may not be associated with the BDNF
peripheral levels and cognitive dysfunction.This information
raises the possibility that, in children and adolescents, BDNF
level changes must not be a priority when attempting to
prevent some of the future atrophic modifications.

Despite the lack of significant statistical correlation
observed in this study, this is the first study in pediatric
bipolar disorder correlating hippocampus volume andBDNF,
and no association between these factors was observed.
Replication for result confirmation is crucial, as well as
interpretation of these findings in the light of a developmental
context. Studies with larger samples and longitudinal studies
evaluating normal and disrupted brain development, which
include a control group and patients in different mood
episodes, may be able to clarify the role of BDNF in brain
changes caused by bipolar disorder.
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1997.

[7] M. Berk, F. Kapczinski, A. C. Andreazza et al., “Pathways
underlying neuroprogression in bipolar disorder: focus on
inflammation, oxidative stress and neurotrophic factors,” Neu-
roscience and Biobehavioral Reviews, vol. 35, no. 3, pp. 804–817,
2011.

[8] V. V. Dias, S. Brissos, B. N. Frey, A. C. Andreazza, C. Cardoso,
and F. Kapczinski, “Cognitive function and serum levels of
brain-derived neurotrophic factor in patients with bipolar
disorder,” Bipolar Disorders, vol. 11, no. 6, pp. 663–671, 2009.

[9] R. M. Post, “Role of BDNF in bipolar and unipolar disorder:
clinical and theoretical implications,” Journal of Psychiatric
Research, vol. 41, no. 12, pp. 979–990, 2007.

[10] G. Shaltiel, G. Chen, and H. K. Manji, “Neurotrophic signaling
cascades in the pathophysiology and treatment of bipolar
disorder,”Current Opinion in Pharmacology, vol. 7, no. 1, pp. 22–
26, 2007.

[11] M. Kauer-Sant’Anna, F. Kapczinski, A. C. Andreazza et al.,
“Brain-derived neurotrophic factor and inflammatory markers
in patients with early- vs. late-stage bipolar disorder,” Interna-
tional Journal of Neuropsychopharmacology, vol. 12, no. 4, pp.
447–458, 2009.

[12] S. C. Caetano, R. L. Olvera, D. Glahn, M. Fonseca, S. Pliszka,
and J. C. Soares, “Fronto-limbic brain abnormalities in juvenile
onset bipolar disorder,” Biological Psychiatry, vol. 58, no. 7, pp.
525–531, 2005.

[13] J. C. Pfeifer, J. Welge, S. M. Strakowski, C. M. Adler, and M.
P. DelBello, “Meta-analysis of amygdala volumes in children
and adolescents with bipolar disorder,” Journal of the American
Academy of Child and Adolescent Psychiatry, vol. 47, no. 11, pp.
1289–1298, 2008.

[14] J. A. Frazier, S. Chiu, J. L. Breeze et al., “Structural brain
magnetic resonance imaging of limbic and thalamic volumes in
pediatric bipolar disorder,”The American Journal of Psychiatry,
vol. 162, no. 7, pp. 1256–1265, 2005.

[15] H. P. Blumberg, J. Kaufman, A. Martin et al., “Amygdala and
hippocampal volumes in adolescents and adults with bipolar
disorder,”Archives of General Psychiatry, vol. 60, no. 12, pp. 1201–
1208, 2003.

[16] D. Suri and V. A. Vaidya, “Glucocorticoid regulation of brain-
derived neurotrophic factor: relevance to hippocampal struc-
tural and functional plasticity,” Neuroscience, vol. 239, pp. 196–
213, 2013.

[17] K. Horn, V. Roessner, and M. Holtmann, “Neurocognitive
performance in children and adolescents with bipolar disorder:
a review,” European Child and Adolescent Psychiatry, vol. 20, no.
9, pp. 433–450, 2011.

[18] Course and Outcome of Bipolar Illness in Youth (COBY),
http://www.nimh.nih.gov/news/science-news/2006/largest-st-
udy-to-date-on-pediatric-bipolar-disorder-describes-disease-
characteristics-and-short-term-outcomes.shtml.

[19] M.D. Lezak,D. B.Howieson, andD.W. Loring,Neuropsycholog-
ical Assessment, Oxford University Press, New York, NY, USA,
4th edition, 2004.

[20] CESUP NSC, http://www.cesup.ufrgs.br.
[21] B. Fischl, D. H. Salat, E. Busa et al., “Whole brain segmentation:

automated labeling of neuroanatomical structures in the human
brain,” Neuron, vol. 33, no. 3, pp. 341–355, 2002.

[22] B. Fischl, D. H. Salat, A. J. W. van der Kouwe et al., “Sequence-
independent segmentation of magnetic resonance images,”
NeuroImage, vol. 23, supplement 1, pp. S69–S84, 2004.

[23] C. S. Gama, M. Kunz, P. V. S. Magalhães, and F. Kapczinski,
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Introduction/Objective. Evidence suggests that the prefrontal cortex has been implicated in the pathophysiology of bipolar disorder
(BD), but few neurochemical studies have evaluated this region in bipolar patients and there is no information from BD suicide
attempters using Proton Magnetic Resonance Spectroscopy (H+MRS). The objective was to evaluate the metabolic function of
the medial orbital frontal cortex in euthymic BD type I suicide and nonsuicide attempters compared to healthy subjects by
H+MRS. Methods. 40 euthymic bipolar I outpatients, 19 without and 21 with history of suicide attempt, and 22 healthy subjects
were interviewed using the Structured Clinical Interview with the DSM-IV axis I, the Hamilton Depression Rating Scale, the
Young Mania Rating Scale, and the Barratt Impulsiveness Scale-11 and underwent H+MRS. Results. We did not find any metabolic
abnormality inmedial orbital frontal regions of suicide and nonsuicide BD patients and BD patients as a group compared to healthy
subjects. Conclusions. The combined chronic use of psychotropic drugs with neuroprotective or neurotrophic effects leading to a
euthymic state for longer periods of time may improve neurometabolic function, at least measured by H+MRS, even in suicide
attempters. Besides, these results may implicate mood dependent alterations in brain metabolic activity. However, more studies
with larger sample sizes of this heterogeneous disorder are warranted to clarify these data.

1. Introduction

Bipolar disorder (BD) is a prevalent and chronic mental
illness that is associated with high rates of suicidal behavior.
The risk for suicide among BD patients is up to 20–30
times greater than that for the general population [1]. The
cause of these high rates is unknown, but some studies have
suggested a possible relationship between suicidal behavior
with impulsivity [2, 3], and others have demonstrated an
association of impulsivity and the orbital frontal cortex
(OFC) dysfunction [4, 5].

In fact, evidence of an association between suicidal
behavior and structural and functional abnormalities of the
brain is mounting, and most of these regions involved in
suicidal behavior are part of emotional regulation neuronal
circuits, including amygdala, hippocampus, thalamus, and
olfactocentric paralimbic cortices (insular, temporopolar and
orbital frontal cortices) [6]. In this context, particularly, the
OFC has strong connections with the amygdala, thalamus,
and basal; in addition, the OFC mediate the individual’s
affect, impulse control, and recognition of reinforcing stimuli.
In keeping with this line of reasoning, some authors have
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demonstrated an association between OFC dysfunction,
decision-making impairment, and suicidal behavior; in a first
study, they used the Iowa Gambling Task (IGT) and showed
that violent suicide attempters make more disadvantageous
choices than affective controls (patients without history of
suicide attempt) [7]. In another study, these same authors
compared suicide attempters and affective controls using an
adapted version of the IGT during functional neuroimaging
and showed that patients with history of suicide attempts
(a) performed worse on a decision-making task, (b) had
decreased activation in the OFC (and occipital cortex) for the
contrast between disadvantageous and advantageous choices,
and (c) had no difference for the contrast between wins and
losses, which implies impairment of guiding of safe behav-
ior [8]. Taken together, these findings suggest that suicide
attempters were not able to evaluate risky choices appropri-
ately. Interestingly, a component of impulsivity called “lack of
premeditation” was associated to disadvantageous decision-
making, according to some authors [9].

In addition, a link of evidence between metabolic dys-
function, prefrontal cortex, and suicidal behavior was the
observation of serotonergic dysfunction from in vivo brain
imaging study of nonfatal suicidal behavior using positron
emission tomography (PET) scanning with 11-C-methyl-
tryptophan (an analogue of tryptophan) that showed less
uptake in medial orbital PFC in association with lethality
of suicidal behavior [10] and another study found lower
prefrontal cortical 5-HT2A binding in suicide attempters [11].
Besides, evidence from neuroimaging research has suggested
the OFC as a crucial region involved in impulsive behavior;
for instance, some authors have demonstrated a negative
correlation between cortical thickness of the OFC and Barrat
Impulsiveness Scale-11 (BIS-11) total and motor domain in
healthy adults [12].

While a number of structural neuroimaging research
techniques have been utilized to investigate a host of psychia-
try disorders [13], Proton Magnetic Resonance Spectroscopy
(H+MRS) is a noninvasive method that allows biochemical
constituents to be directly assayed in vivo. Numerous studies
utilizing this neuroimaging technique in BD have identified a
number of metabolite changes in specific brain regions, such
as the medial OFC, but most of these studies show mixed
results, probably due to methodological issues, such as
inclusion of patients with types I and II, in several phases of
the illness, and medicated or drug-naı̈ve patients [14–20].
Besides, information in terms ofmetabolic changesmeasured
by H+MRS in BD suicide attempters is even scarcer.

To our knowledge, there are no previous studies compar-
ing metabolic levels in frontal cortical gray matter measured
by H+MRS in suicide and nonsuicide attempters in a homo-
geneous sample of type I euthymic BD outpatients.

So, the purpose of this study was to investigate metabolic
levels of N-acetyl-aspartate (NAA), myo-inositol (mI),
choline (Cho), and creatine (Cr) in the medial orbital pre-
frontal cortex in euthymic bipolar type I outpatients, with and
without history of suicide attempts.We hypothesized that the
neuronal metabolic function may be impaired in the cortical
gray matter by H+MRS, even in the euthymic phase of the

bipolar illness. In addition, we speculated that the patients
with suicide attempts have more metabolic dysfunction in
this area compared with the patients without history of
suicidal behavior.

2. Methods

2.1. Participants. This study is part of a larger project of evalu-
ation and treatment of patients with bipolar disorder treated
at the research Center in Salvador-Bahia-Brazil (Mood and
Anxiety Program of the Federal University of Bahia-
CETHA), in which data is continuously collected. Patients
were recruited from this center and were interviewed using
the Structured Clinical Interview with the DSM-IV axis I
(SCID-I) [21], theHamiltonDepression Rating Scale (HDRS)
[22], the Young Mania Rating Scale (YMRS) [23], and the
Barratt Impulsiveness Scale (BIS-11). The BIS is a self-report
questionnaire composed of 30 items with Likert-type ques-
tions, rated from 1 (rarely/never) to 4 (almost always/always).
Scoring yields a total score and 3 subscale scores derived by
factor analysis: attention, motor, and nonplanning. Score
varies from 30 to 120 and there is no established cut-off point
[24]. The BIS differs from performance-based or cognitive
measures of impulsivity as scores reflect self-rated behaviors
rather than discrete cognitive processes and thus may be
closer to psychiatric symptomatology. The euthymia criteria
were scores for both the YMRS and HDRS below 7 points for
at least two months. Demographic and clinical data were
gathered through a questionnaire, and all assessment instru-
ments were administered by two trained experts in psychia-
try. Patients were classified as having positive suicidal history
if they reported one or more self-injurious acts committed
with intent to die.

Healthy controlswere recruited among the patients’ social
network and were interviewed using the same evaluation
instruments. The choice of these controls as a group was to
try to prevent bias associated with differences in sociodemo-
graphic data between groups. None of these subjects had a
current or past Axis I DSM-IV psychiatric disorder or a first-
degree relative with an Axis I psychiatric disorder.

Exclusion criteria of all subjects were age less than 18
and more than 60 years, current serious medical conditions,
history of head trauma and neurological disorders or sub-
stance abuse at any time, and current medical problems in
the preceding six months.

2.2. StructuralMagnetic Resonance Imaging HMRS Procedure.
All MRI scans and H+MRS were acquired at the Image
Memorial Clinic, Medicina Diagnóstica-Bahia-Brazil, using
a 1.5-T Symphony Master/Class Siemens scanner (Ellagen,
Germany) and conducted and interpreted in a blind manner
by one research assistant (GLR), trained in H+MRS acqui-
sition and spectral analysis and a second research assistant
(MVR) confirmed in a blind manner the position of the
voxel. The placement of the voxel was visually inspected to
minimize white matter and CSF contents. To evaluate intra-
rater reproducibility, the same rater repeated the metabolites
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measurements twice, at least one week apart, for ten ran-
domly selected subjects. Intrarater reliability was found to be
high for all measurement (Kappa = 1,0; 𝑃 = 0,0041).

The interpupillary line in comparison with transverse
landmark light on the scannerwas used to denote the position
of each subject’s head and T2-weighted images were obtained
to localize the H+MRS voxel. To minimize head movements,
the forehead was affixed with adhesive tape to the MRI
stretcher and neck support was provided when necessary.

A single 8 cm3 voxel water-suppressed H+MRS was pre-
scribed on the medial orbital prefrontal cortex, and spectra
were acquired using point resolved spectroscopy sequence
(TR = 1500ms, TE = 30ms, flip angle = 90∘, NEX = 128).
The most inferior of the gray matter voxel was positioned at
a minimum level of 1.5mm above the orbits and a maximum
level of 3mm.

2.3. Statistical Analysis. The data were entered into the
Software Statistical Package for Social Sciences (SPSS) version
17.0, and the STATA statistical software package, version
11.0, was used in the statistical analysis. Associations were
accepted when a P value was less than 5% (P value ≤ 0.05).
The one-tailed test was used to ANCOVA and ANOVA, and
for chi-squared test we used two-tailed test.

In the metabolites analyses the assumptions of normal
distribution (One-Sample Kolmogorov-Smirnov Test) and
equal variance around the required mean (Levene’s Test of
Equality of Error Variances) that tests the null hypothesis that
the error variance of the dependent variable is equal across
groups were satisfied by all the metabolites evaluated. To
verify the possible differences in clinical and demographic
characteristics between attempters, nonattempters, and
healthy controls, chi-squared, Student’s t-tests, Fisher’s exact
test, or univariate analysis of variance (ANOVA), with post
hoc analysis (Bonferroni correction), were used, where
appropriate. Only the length of illness did not have a normal
distribution.

Lastly, the multivariate analysis (ANCOVA) model was
used to compare the results of themetabolites between groups
and adjusted for clinical and demographic variables. The
statistical analysis of metabolites NAA, Cho, Cr, mI, NAA/
Cr, Cho/Cr, and mI/Cr was done in two steps: step 1 com-
pared nonsuicide attempters, suicide attempters, and healthy
controls, and step 2 compared bipolar patients as a group and
healthy controls.

The study was approved by the Local Medical Review
Ethics Committee and was performed in accordance with the
ethical standards of the Declaration of Helsinki. All subjects
provided written informed consent prior to their inclusion in
the study.

3. Results

We screened a total of 48 right-handed bipolar I outpatients
and 8 were excluded, 5 because of a history of neurological
illness or head trauma with loss of consciousness and 3
because they could not undergo an MRI exam. Twenty-
five right-handed healthy controls were evaluated and 3

were excluded, 1 because of previous head trauma and 2
because they could not complete the MRI exam. Forty
euthymic bipolar I patients, 19 with and 21 without a lifetime
history of suicide attempt, and 22 healthy controls underwent
the sociodemographics and clinical evaluation. During the
subjects’ assessments with MRI scan with H+MRS, 2 bipolar
patients with suicide attempts, 2 bipolar patients without sui-
cide attempts, and 6 healthy controls were excluded from the
H+MRS analysis, because of the failure to meet spectral
quality standards arising from susceptibility or movement
artifacts.

Among attempters, 11 attempted once, 4 attempted twice,
and 4 attempted three times; suicide attempt methods
included overdose/poisoning, cutting, hanging, and jumping
from heights. Finally, 5 patients adopted two different meth-
ods of suicide.

There were no significant differences between suicidal
and nonsuicidal bipolar patients and healthy controls with
respect to age, gender, and years of education (𝑃 > 0.5).There
were also no significant differences between group of bipolar
patients for age of onset, type of first episode, length of illness,
history of psychiatric hospitalizations, number of psychiatric
hospitalizations, lifetime psychoses, and family history of
suicide or attempted suicide. However, the suicidal group had
significantly more history of psychiatric comorbidities than
nonsuicidal group (𝑃 = 0.03). All BD patients were on
medication (mostly mood stabilizers).

Considering all selected patients and controls, suicide
attempters showed higher mean scores than nonattempters
and healthy controls in BIS total (67.3 ± 14.8; 58.3 ± 8.6;
58.5 ± 9.0, resp.), BIS attentional (20.5 ± 3.9; 16.6 ± 2.5;
17.5 ± 3.4, resp.), BIS nonplanning (26.4 ± 6.2; 22.1 ± 4.9;
23.1 ± 4.4, resp.), and motor (20.4 ± 6.0; 19.5 ± 4.9; 17.9 ± 4.0,
resp.) and the ANOVA with post hoc analysis (Bonferroni
correction) revealed that the differences were significant in
BIS total (F = 4.58, 𝑃 = 0.01), BIS attentional (F = 7.75,
𝑃 = 0.001), and BIS nonplanning (F = 4.44, 𝑃 = 0.02).
The BIS motor was not significant (F = 1.31; 𝑃 = 0.28). All
these clinical and demographic data have been described in a
previous article published by our group [25].

Conversely, when only patients submitted toH+MRS scan
are included in the BIS analysis, suicide attempters showed
higher mean scores than nonattempters and healthy controls
in BIS total (65.3 ± 14.7; 59 ± 8.8; 58.5 ± 9.6, resp.), BIS
attentional (20.2 ± 4.0; 17.1 ± 2.5; 17.5 ± 3.7, resp.), and BIS
nonplanning (25.8 ± 6.3; 22.1 ± 4.3; 22.5 ± 4.3, resp.), but
the ANOVA with post hoc analysis (Bonferroni correction)
revealed that only in attentional impulsivity the difference
was significant (F = 4.09, 𝑃 = 0.031). The BIS motor
showed no significant lower mean score in suicide attempters
compared to nonattempters and healthy controls (19.3 ± 5.8;
19.8 ± 4.9; 18.6 ± 4.4, resp.). As a group, BD patients also
showed higher mean scores compared to healthy controls in
BIS total (62 ± 12.18 versus 58 ± 9.64), BIS attentional (18.5 ±
3.62 versus 17.5 ± 3.68), BIS motor (19.5 ± 5.26 versus 18.5 ±
4.42), and BIS nonplanning (23.8±5.6 versus 22.5±4.33), but
no significant difference was demonstrated (Table 1).
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4. Spectral Analysis

There were no differences on H+MRS between BD suicide,
nonsuicide attempters, and healthy controls (NAA: (𝐹 = 1.41;
𝑃 = 0.252), mI: (𝐹 = 0.18; 𝑃 = 0.829), Cho: (𝐹 = 0.26;
𝑃 = 0.769), Cr: (𝐹 = 0.61; 𝑃 = 0.543), NAA/Cr: (𝐹 = 0.19;
𝑃 = 0.822), Cho/Cr: (𝐹 = 1.16; 𝑃 = 0.320), and mI/Cr: (𝐹 =
0.07; 𝑃 = 0.933)) (Table 2). In addition, we did not find any
evidence of metabolic abnormality in BD patients as a group,
compared to healthy subjects (NAA: (𝐹 = 2.13; 𝑃 = 0.15), mI:
(𝐹 = 0, 𝑃 = 0.994), Cho: (𝐹 = 0.40; 𝑃 = 0.527), Cr: (𝐹 = 0;
𝑃 = 0.991), NAA/Cr: (𝐹 = 0.38; 𝑃 = 0.536), Cho/Cr: (𝐹 =
1.27; 𝑃 = 0.264), mI/Cr: (𝐹 = 0.13; 𝑃 = 0.719)).

5. Discussion

The findings from the present study are in agreement with
some papers that did not find differences in brain metabolite
levels in the prefrontal cortex of bipolar patients compared to
healthy controls [15, 26]. Also, these results could be
explained by the use of the same methodology, such as only
evaluating BD I patients under strict criteria of euthymia;
assessed patients had been receiving lithium alone for a long
time or associated with another psychiatric drug, including
other mood stabilizers, antipsychotics, and antidepressants.
Besides, gender and duration of illness of patients were also
very similar to our sample. However, to our knowledge it is
the first study that assessed the BD I group according to
the history of attempted suicide and did not demonstrate
differences on H+MRS between BD I suicide and nonsuicide
attempters.

We speculated that these results may reflect mood-
dependent alterations in brain metabolic activity, since stud-
ies that included both euthymic and noneuthymic patients
have shown changes on metabolite spectra [14, 16, 17].
Another possibility is that the chronic use of psychotropic
medical drugs may have a brain protective effect in this sub-
group of patients. In fact, in our study, 30 patients (attempters
and nonattempters, 75% of our sample) were receiving
lithium, of which 21 were also receiving at least one psychi-
atric drug in addition to lithium. Ten patients were receiving
an anticonvulsant associated or not with atypical antipsy-
chotics. So, the combined chronic use of psychotropic drugs
with neuroprotective or neurotrophic effects leading to a
euthymic state for a longer period of time may improve
neurometabolic function, at least where it is measured by
H+MRS, even in a subgroup of patients with a severe
characteristic, such as a history of suicide attempt.

In fact, according to our previous data, in our sample,
30.2% of the subjects were prescribed the firstmood stabilizer
in the year after the first affective episode (FMS ≤ 1), 22% after
the first year before the 5th year (1 < FMS ≤ 5), and 47.8% 5
years after the first affective episode (FMS > 5). The lifetime
prevalence of suicide attempts was 33.3% in the FMS ≤ 1
group, 32.2% in the 1 < FMS ≤ 5 group, and 58.6% in the FMS
> 5 group. After adjusting for potential sociodemographic
and clinical confounders in the two groups of patients with
less than a 5-year delay for FMS (FMS ≤ 1 and 1 < FMS ≤ 5),
the lower prevalence of suicide attempts remained significant

when compared with the FMS > 5. When the FMS < 1
reference group was compared with the FMS > 5 group,
adjusting for the same sociodemographic and clinical con-
founders, the higher prevalence of suicide attempts remained
significant in the latter group, with a statistically significant
difference between these groups [26]. These results support
the protective clinical effect of the use of mood stabilizers on
the suicidal behavior.

However, it is also important to highlight that in our sam-
ple the patients have low rates of psychiatric comorbidities
(35%) compared to other studies that may contribute with a
more favorable evaluation of the illness [27]. Additionally, the
patients in the present study did not have current serious
medical conditions, history of head trauma and neurological
disorders or substance abuse at any time or current medical
problems in the preceding six months, which may constitute
a relatively benign clinical subgroup of BD I patients.

In general, the most important factor in controlling the
neuroprogression of BD is the use of efficacious drugs com-
bined with psychoeducation that may prevent relapses and
recurrences of the illness [28, 29]. Keeping this issue in mind,
mood stabilizers, such as lithium and valproic acid, used for
the majority of patients in this study, are the most prominent
drugs approved by the United States Federal Drug Adminis-
tration (FDA) for treatment of BD [30]. Lithium and valproic
acid, respectively, through inhibition of glycogen synthase
kinase-3 (GSK-3) and the histone deacetylases (HDACs), reg-
ulate the transcription and expression of neurotrophic, angio-
genic, and neuroprotective proteins, such as brain-derived
neurotrophic factor (BDNF), glial cell-line derived neu-
rotrophic factor (GDNF), and angiogenic vascular endothe-
lial growth factor (VEGF). Also, lithium in particular acts
on factors that affect apoptotic signaling, such as Bcl-2,
p53, Bax, caspase, and heat shock proteins (HSP). Finally,
lithium contributes to induction of the ubiquitin-proteasome
system and autophagy, twomajor intracellular quality control
mechanisms for protein clearance that prevents abnormal
protein accumulation. Overall, these findings highlight the
properties of lithium and probably other mood stabilizers to
suppress cell death, attenuate neuroinflammation, and pro-
mote angiogenesis and cellular plasticity in BD patients
[31], which contribute to the reduction of neuronal loss
and consequently prevent the cognitive deficits in bipolar
patients.

The positive effects of psychopharmacologic treatment on
neural plasticity in BD patients may also be demonstrated
from neuroimaging studies. In fact, some studies have shown
an increase in gray matter volume in whole brain of BD
patients treated with lithium [32], and untreated patients
showed decreased left anterior cingulate volumes compared
with either healthy controls or lithium-treated patients [33].
The NAA was also reported to be increased in the prefrontal
cortex after lithium treatment [34].These results may suggest
evidence in vivo that the use of mood stabilizers, especially
lithium, influences neurotrophicmechanisms in BD patients.
Additionally, other authors who measured neuropsycholog-
ical performance of BD patients in total remission under
treatment with lithium as monotherapy demonstrated better



Neural Plasticity 5

Table 1: Demographic and clinical data of the participants.

BD I patients Healthy controls Statistics
Suicidal (𝑛 = 19) Nonsuicidal (𝑛 = 21) (𝑛 = 22)

Gender (𝑛)
Male 6 5 10 𝑥

2 = 2.31, 𝑃 = 0.31
Female 13 16 12

Age, mean ± SD (years) 39.8 ± 11.4 42.0 ± 8.6 37.7 ± 13.5 𝐹 = 0.75, 𝑃 = 0.47
Educational level, mean ± SD (years) 12.0 ± 3.0 11.2 ± 3.7 11.2 ± 2.7 𝐹 = 0.37, 𝑃 = 0.69
Age of onset, mean ± SD (years) 24.3 ± 9.0 25.3 ± 9.4 NA 𝑡 = 0.34, 𝑃 = 0.73
Length of illness, mean ± SD (years) 15.6 ± 7.2 16.5 ± 10.7 NA 𝑡 = 0.31, 𝑃 = 0.75
Hospitalizations (𝑛)

Yes 13 18 NA 𝑥
2

= 1.71, 𝑃 = 0.26
No 6 3 NA

Number of hospitalizations, mean ± SD 6.0 ± 5.8 3.1 ± 2.8 NA 𝑡 = −1.80, 𝑃 = 0.08
Type of first episode

Depression 11 10 NA 𝑥
2

= 1.84, 𝑃 = 0.39
Mania 7 11 NA
Unknown 1 0 NA

Lifetime psychoses (𝑛)
Yes 15 9 NA 𝑥

2

= 2.77, 𝑃 = 0.96
No 4 11 NA

Family history of suicide (𝑛)
Yes 6 4 NA 𝑥

2

= 0.83, 𝑃 = 0.47
No 13 17 NA

Family history of attempt suicide (𝑛)
Yes 2 4 NA 𝑥

2

= 0.56, 𝑃 = 0.66
No 17 17 NA

Psychiatric comorbidities (𝑛)
Yes 10 4 NA 𝑥

2 = 4,51, 𝑃 = 0.03∗

No 9 16 NA
†BIS total score, mean ± SD 65.3 ± 14.7 59 ± 8.8 58,5 ± 9,6 𝐹 = 1.88, 𝑃 = 0.312
Attention score, mean ± SD 20.2 ± 4.0 17.1 ± 2.5 17.5 ± 3.7 𝐹 = 4.09, 𝑃 = 0.031∗

Motor score, mean ± SD 19.3 ± 5.8 19.8 ± 4.9 18.6 ± 4.4 𝐹 = 0.27, 𝑃 = 0.28
Nonplanning score, mean ± SD 25.8 ± 6.3 22.1 ± 4.3 22.5 ± 4.3 𝐹 = 2.81, 𝑃 = 1
†Only from the patients submitted to H+MRS.
∗Significant at the 0.05 level (2-tailed).
NA—no applicable.

performance on neuropsychological tests and higher plasma
BDNF levels than BD patients with partial remission [35]. In
summary, the benefits from optimal maintenance treatment
regimens with lithium and probably other mood stabilizers
go beyond the prevention of mood episodes and include
neuroprotection, neural plasticity, and better functional and
cognitive outcomes.

Other studies that have been conducted with BD patients
compared to healthy subjects showed differences in the
H+MRS scan, probably due to methodological issues, such as
inclusion of euthymic and noneuthymic patients in different
phases of the illness [14, 16, 17], assessment of more severe,
hospitalized sample of patients and outpatients [14], inclusion
of only medication-free patients at the time of the H+MRS
scan [18], no stratification by age group (young versus
old subjects) [36, 37], and inclusion of bipolar I and II
patients [20], as previously described. Thus, these various

methodological differences preclude the interpretation of
results between studies. We think it likely that there are
different subgroups of bipolar patients with different patterns
of metabolic spectra, depending on the disease phenotype,
since BD is a very heterogeneous illness with various clinical
presentations.

There is also a debate regarding impulsivity as being
linked to higher suicidal behavior among BD patients.
Our study included BIS-11 as a tool for investigating trait
impulsivity and in a previous paper of our group, it was
shown that suicide attempters rated higher mean scores
than nonattempters and healthy controls in BIS total, BIS
attentional, andBIS nonplanning [25]. But, whenwe analyzed
BIS data only from the patients and controls who submitted
to H+MRS scan, the only significant difference was in
attentional impulsivity; as a group, BD patients also showed
highermean scores compared to healthy controls in BIS total,
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Table 2: Medial orbital prefrontal cortex metabolic levels between bipolar patients with and without suicide attempt and healthy controls
(mmol/l ± SD).

Metabolic levels
BD I patients HC

StatisticsSuicidal
𝑛 = 17

mean (SD)

Nonsuicidal
𝑛 = 19

mean (SD)

𝑛 = 16
mean (SD)

NAA 2.79 ± 0.58 2.95 ± 0.58 3.12 ± 0.54 𝐹 = 1.41, 𝑃 = 0.252
Myo-inositol 0.88 ± 0.42 0.97 ± 0.42 0.93 ± 0.41 𝐹 = 0.18, 𝑃 = 0.829
Choline 1.32 ± 0.37 1.36 ± 0.42 1.27 ± 0.31 𝐹 = 0.26, 𝑃 = 0.769
Creatine 1.53 ± 0.39 1.70 ± 0.53 1.63 ± 0.43 𝐹 = 0.61, 𝑃 = 0.543
NAA/creatine 1.86 ± 0.36 1.85 ± 0.39 1.93 ± 0.51 𝐹 = 0.19, 𝑃 = 0.822
Choline/creatine 0.86 ± 0.17 0.81 ± 0.14 0.78 ± 0.11 𝐹 = 1.16, 𝑃 = 0.320
Myo-inositol/creatine 0.61 ± 0.31 0.63 ± 0.35 0.59 ± 0.27 𝐹 = 0.07, 𝑃 = 0.933
Choline 2.79 ± 0.58 2.95 ± 0.58 3.12 ± 0.54 𝐹 = 1.41, 𝑃 = 0.252
Creatine 0.88 ± 0.42 0.97 ± 0.42 0.93 ± 0.41 𝐹 = 0.18, 𝑃 = 0.829
Significant at the 0.05 level (2-tailed).
Degrees of freedom = 1.
NAA: N-acetyl-aspartate.
HC: Healthy controls.

BIS attentional, BIS motor, and BIS nonplanning, but no
significant difference was demonstrated. These results from
BIS data may be explained in different ways. The reduced
sample size may limit the power of analysis, and although
the patients in our study fulfilled strict criteria for euthymia,
the data support previous findings of increased impulsivity in
bipolar I patients as a trait, compared with healthy controls
[38, 39]. In this context, more impulsive subjects may be
less tolerant and restless, resulting in movement artifacts
on H+MRS scan, a procedure that requires more time for
the acquisition on spectral curve than on MRI scan. As a
consequence, nonsignificant differences can emerge from the
analysis by exclusion of these patients that could not conclude
the H+MRS scan.

Therefore, in the present study, the only result that persists
is the higher levels of BIS attentional in bipolar I patients
with history of suicide attempt, compared with nonsuicidal
and healthy controls. BIS attentional is thought to reflect
a person’s tendency to rapidly shift attention and a lack of
cognitive persistence with the inability to tolerate cognitive
complexity [40], and attention problems might predispose
an individual to make rapid and inappropriate attributions
and not to reappraise a potential conflict situation, increasing
the likelihood of aggressive behavior, especially impulsive
aggression [41]. In fact, some authors have demonstrated that
impulsive aggression increases the risk of suicide behavior
in patients with BD [42]. BIS nonplanning refers to a lack
of consideration of future consequences, and its relationship
with an inability to delay reward-related responses was
demonstrated [43], which may reflect a sense of hopelessness
about the future; in an event-related potential study, some
authors have demonstrated a relationship between reduced
P300 amplitude and suicide behavior and hopelessness but
not with depressed mood [44]; a population-based, case-
control study of nearly lethal suicide attempts found impul-
sive attempters with higher scores in BeckHopelessness Scale

than planned attempters and hopelessness, but not depres-
sion, distinguished impulsive attempters from the controls
[45]. Ultimately, BIS motor is meant to measure the tendency
of hasty or reckless action and it has been associated with
manic symptoms [46]. Curiously, some authors have found
a negative correlation between lethality of the attempts and
motor impulsivity (i.e., higher lethality was associated with
decreased motor impulsivity) [47]. In fact, it is important
to highlight that in our second analysis of BIS, the motor
impulsivity showed lower scores in the suicidal than in the
nonsuicidal group. All these findings raise the complexity of
research about impulsivity in BD patients.

Further complicating the relationship between impul-
sivity and suicidal behavior, a systematic review showed
mixed evidence for an association between impulsivity and
suicidal behavior from the studies; only 3 out of 11 studies
found significant differences in overall impulsivity (BIS total
scores) between attempters and nonattempters and no gen-
eral consensus regarding association between BIS subscales
and suicidal behavior was well established [48] and a recent
meta-analysis was conducted for assessing the link between
impulsivity and suicidal behavior; the authors have suggested
impulsivity as a distal risk factor for suicide [49], reflecting
the necessity for further investigation in this topic.

Although one of the strengths of our study is that it
consisted of well-characterized euthymic BD I outpatients,
without neurologic problems or other severe current medical
comorbidities, with low rates of psychiatric disorders, which
may result in a homogenous sample of BDpatients, the results
of the current study must be considered within the context of
several limitations; first of all, the sample size of BD patients
was reasonable for a study using a neuroimaging technique,
but the number of BD was rather small, which leads to
limitations in statistical power. Second, the single voxel
technique requires a large voxel and limits the acquisition of
small volumes of interest. Third, this study was conducted in
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an urban tertiary hospital serving a low- or middle-income
population and these results may not be generalizable to
other care services settings. Lastly, as described before, our
sample was small and heterogeneous in terms of lethality
and number of suicide attempts; so it was not possible to
categorize according to frequency or lethality risk of suicidal
behavior. Also, it was not possible to determine the lag time
between suicide attempt andneuroimaging procedure aswell.

6. Conclusion

Our results suggest that the brain metabolites measured by
H+MRS are normal in the medial orbital frontal lobe in a
subgroup of medicated BD I euthymic outpatients, suicide
attempters or not, which may represent a phase-dependent
metabolic profile or positive neurotrophic effects of the
pharmacological treatment in this area. However, additional
studies are needed on larger patient samples in order to clarify
these issues.
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