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increases the risk of suicidal behavior in
bipolar patients

E. Jim �eneza, B. Ariasb, M. Mitjansb, J.M. Goikoleaa, E. Rodac,
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Abstract
Bipolar patients (BP) are at high risk of suicide. Causal factors underlying suicidal behavior are
still unclear. However, it has been shown that lithium has antisuicidal properties. Genes involved
in its putative mechanism of action such as the phosphoinositol and the Wnt/b-catenine pathways
could be considered candidates for suicidal behavior (SB). Our aim was to investigate the
association of the IMPA1 and 2, INPP1, GSK3a and b genes with suicidal behavior in BP.
199 BP were recruited. Polymorphisms at the IMPA1 (rs915, rs1058401 and rs2268432) and IMPA2
(rs66938, rs1020294, rs1250171 and rs630110), INPP1 (rs3791809, rs4853694 and 909270),
GSK3a (rs3745233) and GSK3b (rs334558, rs1732170 and rs11921360) genes were genotyped. All
patients were grouped and compared according to the presence or not of history of SB (defined
as the presence of at least one previous suicidal attempt). Single SNP analyses showed that
suicide attempters had higher frequencies of AA genotype of the rs669838-IMPA2 and GG
genotype of the rs4853694-INPP1gene compared to non-attempters. Results also revealed that
T-allele carriers of the rs1732170-GSK3b gene and A-allele carriers of the rs11921360-GSK3b
gene had a higher risk for attempting suicide. Haplotype analysis showed that attempters had
lower frequencies of A:A haplotype (rs4853694:rs909270) at the INPP1 gene. Higher frequencies
of the C:A haplotype and lower frequencies of the A:C haplotype at the GSK-3b gene
(rs1732170:rs11921360) were also found to be associated to SB in BP.
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Therefore, our results suggest that genetic variability at IMPA2, INPP1 and GSK3b genes is
associated with the emergence of SB in BP.
& 2013 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction

Bipolar disorder (BD) exerts a substantial impact on mor-
bidity, mortality and functional outcome and is ranked one
of the most disabling diseases worldwide (World Health
Organization, 2008). BD spectrum’s prevalence has been
recently estimated at around 2.4% worldwide (Merikangas
et al., 2011) with heritability ranging as high as 80%
(Kieseppa et al., 2004). Rates of suicidal ideation and
suicide attempts in bipolar patients (BP) are amongst the
highest in psychiatric illnesses (Valtonen et al., 2005; Chen
and Dilsaver, 1996) and it has been estimated that around
15–20% die by suicide (Baldessarini et al., 2006a; Abreu
et al., 2009).

Causal factors underlying suicidal behavior are complex
and its emergence is likely due to the interaction of clinical,
psychosocial and genetic variables (Correa et al., 2004).
Some known clinical and sociodemographic factor asso-
ciated with SB in BP include gender (Nivoli et al., 2011),
previous suicidal attempt (Hawton et al., 2005), presence of
suicidal ideation (Valtonen et al., 2005; Leverich et al.,
2003; Oquendo et al., 2000; Roy-Byrne et al., 1988), early
age at onset (Slama et al., 2004; Perlis et al., 2004; Lopez
et al., 2001; Tsai et al., 1999), BD II diagnosis (Pompili
et al., 2009; Rihmer and Pestality, 1999) alcohol abuse/
misuse (Dalton et al., 2003; Lopez et al., 2001), stimulant
abuse (Gonzalez-Pinto et al., 2007), depressive episodes,
mixed episodes (Dalton et al., 2003; Oquendo et al., 2000;
Goodwin and Jamison, 1990; Pacchiarotti et al., 2011a),
family history of suicide (Lopez et al., 2001; Romero et al.,
2007), illness duration (Oquendo et al., 2000; Roy-Byrne
et al., 1988), any comorbidity (Vieta et al., 1999; Vieta
et al., 2000), first-episode polarity (Chaudhury et al., 2007;
Ryu et al., 2010; Daban et al., 2006), depressive predomi-
nant polarity (Colom et al., 2006), rapid cycling (Garcia-
Amador et al., 2009; Cruz et al., 2008), atypical depression
(Sanchez-Gistau et al., 2009), impulsivity (Swann et al.,
2005) (Malloy-Diniz et al., 2011), poor functional outcome
(Rosa et al., 2008), affective temperaments (Pompili et al.,
2008; Rihmer et al., 2009; Azorin et al., 2009; Serafini
et al., 2011), treatment nature (Pacchiarotti et al., 2011b)
and adherence (Gonzalez-Pinto et al., 2006).

Concerning genetics, several familial, twin and adoption
studies support the relevance of genetic factors for increas-
ing liability for suicidal behavior. In this sense, some studies
have found that family history of attempted or completed
suicide increased the risk of committing suicide in BD (Brent
et al., 2002; Sanchez-Gistau et al., 2009; Gonda et al.,
2012) and it has been estimated that the heritability of
suicide is around 40% (McGuffin et al., 2010). Despite BD is
overrepresented among patients with family history of SB
(Guillaume et al., 2010), results from different studies
suggest that transmission of SB is, probably, independent
from familial predisposition for BD or other psychiatric
conditions (Brent et al., 2002; Oquendo et al., 2004; Kim
et al., 2005).

The systems traditionally examined in genetic studies are
those involved in the pathophysiology of affective and other
psychiatric disorders with high rates of suicidal behaviors:
systems such as the serotonergic and dopaminergic systems,
the hypothalamic-pituitary-adrenal axis and systems key to
neuroplasticity (Ernst et al., 2009; Carballo et al., 2008). In
the case of BP, the presence of S allele-5HTTLPR polymorph-
ism of the serotonin transporter (SERT) gene (SLC6A4) has
been associated to violent suicide attempts among this
group of patients (Neves et al., 2008; Neves et al., 2010).
On the other hand, a Genome Wide Association Study
(GWAS) carried out by Perlis et al. (2010) provide modest
support of an association between FKBP5 and NGFR
(p75NTR) genes and SB in BD. Nevertheless, it should be
noted that this associations did not survive to multiple
comparison correction. In addition, an association between
Brain Derived Neurotrophic Factor (BDNF) Val66Met poly-
morphism and SB in BP has been also reported (Vincze et al.,
2008; Kim et al., 2008). Moreover, an association between
BDNF gene and violent SA has been also detected in a
sample of this patients (Neves et al., 2011).

However, given naturalistic evidence that lithium may
reduce risk for suicidal behavior, biological systems related
to its mechanism of action may be also of interest (Cipriani
et al., 2005; Baldessarini et al., 2006b; Nivoli et al., 2010).
Although the molecular basis for lithium’s therapeutic
effects remains to be fully elucidated, evidence supporting
the involvement of both the phosphoinositol and the Wnt/b-
catenine pathways have been consolidated in recent years
(Serretti et al., 2009). It is known that at therapeutic
concentrations, lithium immediately inhibits several enzymes,
such as both isoenzymes (1 and 2) of inositol monophosphatase
(IMPA), inositol polyphosphate-1-phosphatase (INPP1), phos-
phoglucomutase and glycogen synthase kinase-3b (GSK3b)
(Quiroz et al., 2004; Serretti et al., 2009), all related to the
aforementioned pathways

The phosphoinositol pathway is associated with cellular
activities such as metabolism, secretion, phototransduc-
tion, cell growth and differentiation (Serretti et al., 2009).
Some evidence links phosphosinositol pathway to suicidal
behavior. A study using post-mortem brain tissue found that
phosphosinositol pathway was altered in the PFC of depressed
suicides compared to healthy matched controls (Pacheco
et al., 1996; Pandey and Dwivedi, 2010). In addition, this
second messenger system has been linked with some of the
most studied neurochemical markers concerning the neuro-
biology of suicide. For instance, the 5HT2A receptor, the
increased binding of which has been reported in some brain
areas, mainly PFC, of suicide victims (Stockmeier, 2003;
Gross-Isseroff et al., 1998), is linked to the phosphosinositol
pathway by means the agonist-activation of G protein-
coupled to this receptor (Sanders-Bush, 1998; Pandey and
Dwivedi, 2010). Moreover, this system is involved in protein
kinase C activation which, in turn, regulates genes including
BDNF, decreased levels and altered receptors of which have
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been linked to the pathophysiology of both suicidal behavior
and depressive states (Dwivedi, 2010).

On the other hand, glycogen synthase kinase-3 (GSK3), a
key component of Wnt signaling, exerts effects on neuro-
transmission, neuroplasticity, neuronal growth and metabo-
lism (Rowe et al., 2007). In addition, the genetic variability
at the gene encoding the beta isophorm has been proposed
to be a good candidate gene not only in pathophysiology of
BD, but also in lithium response (Serretti et al., 2009).
Moreover, a microarray study with brain post-mortem tissue
carried out by Kim et al. (2007), found that glutamine
synthetase, a target gene of the Wnt/b-catenine signaling
pathway whose transcription is related to GSK3 inhibition,
was expressed less in suicides with schizophrenia compared
to those who died by other causes. The notion of a potential
role of genetic variability in GSK3 comports with studies
reporting that glutamine synthetase activity was signifi-
cantly reduced, not only in depressed suicides, but also in
suicides free of depressive symptomatology (Sequeira et al.,
2009; Klempan et al., 2009). Furthermore, another study
found that the enzyme activity of GSK3 was substantially
increased in depressed suicides (Karege et al., 2007).
However, a study carried out failed to detect an association
between two promoter polymorphisms of the GSK3-b gene
and suicidal behavior in a sample of patients with depres-
sion (Yoon and Kim, 2010).

By virtue of its putative antisuicidal properties, one might
argue that lithium targets, at least to some extent, the
underlying pathophysiology of suicidal behavior. However,
less is known about the impact of genetic variability of
lithium targeted pathways on suicidal behavior.

As far as we know, this is the first study to analyze the link
between genetic variability at the phosphoinositol and the
Wnt/b-catenine pathways and suicidal behavior in BD. Our
aim was to evaluate the potential association between
genetic variability at both the phosphoinositol and Wnt-b-
catenine pathways and suicidal behavior in BP by testing 14
Single Nucleotide Polymorphisms (SNPs) at the inositol
monophosphatase 1 (IMPA1), IMPA2, inositol polyphosphate-
1-phosphatase (INPP1) and GSK3a and b genes in a sample of
suicide attempters and non attempters bipolar patients.

2. Experimental procedures

2.1. Patients

One hundred and ninety-nine unrelated Caucasian bipolar type I or
II outpatients (102 males and 97 females) were recruited from the
Bipolar Disorder Program (BDP) of the Hospital Clinic of Barcelona
and from mental health services in Oviedo. The BDP provides
integrated care for high-complexity BP not only from its catchment
area in Barcelona, but also from all over Spain (Vieta, 2011a; Vieta,
2011b). The BDP has been conducting a prospective data collection
on course of illness of all patients in the program since 1992. This
systematic follow-up bimonthly systematically collects clinical and
sociodemographic data of all patients included in the Bipolar
Disorders Program. Patients are subsequently followed up and
monitored. In order to be included in the database patients should
provide written informed consent for the collection of their data
with research purposes, always preserving confidentiality. (Colom
et al., 2006; Daban et al., 2006; Nivoli et al., 2011). Therefore, this
cross-sectional analysis includes both prospective and retrospective
data, meaning that the former was obtained from the follow-up

carried out at the BDP and the later from the patients at baseline
assessment.

Inclusion criteria were as follows: (a) bipolar I or II DSM-IV-TR
diagnosis, (b) age over 18 years, (c) being descended from at least two
generations of Caucasian, (d) fulfilling criteria for euthymia defined as
a score r8 on the Hamilton Depression Rating Scale (HDRS) (Ramos-
Brieva and Cordero, 1986; Hamilton, 1960) and a score r6 on the
Young Mania Rating Scale (YMRS) (Colom et al., 2002; Young et al.,
1978) at inclusion and during the assessment period and (e) written
informed consent. Exclusion criteria were the presence of (a) mental
retardation (defined as IQo70) and/or (b) severe organic disease.
Approval from each institution’s ethics committees was obtained.

2.2. Assessment

All patients were assessed with a semi-structured interview based on
the Structured Clinical Interview for DSM Disorders (SCID), which also
considered available data from medical records. Presence of depressive
and manic features was assessed using HDRS and YMRS, respectively.
Suicidal ideation was defined as the presence of any thoughts about the
desire, intent and method for committing suicide (Beck et al., 1988).
Suicidal attempt was defined as a self-injurious act committed with at
least some intention to die. Methods such as defenestration, hanging,
deep cutting and electrocution were defined as violent, while overdoses
and self-poisoning was considered non violent.

2.3. Genotyping

DNA was extracted from blood samples according to standard
protocols. Several SNPs at IMPA1 gene (rs915, rs1058401 and
rs2268432), IMPA2 gene (rs669838, rs1020294, rs1250171 and
rs630110), INPP1 gene (rs3791809, rs4853694 and rs909270), GSK3a
gene (rs3745233) and GSK3b gene (rs334558, rs1732170 and
rs11921360) were selected based on literature and the SYSNPS
program (www.sysnps.org). SNPs were selected with SYSNPS program
only if they were TagSNPs of the candidate gene with a Minor Allele
Frequency (MAF) 40.3. This MAF criterion was used to increase the
statistical power. Genotyping, blind to clinical assessment, was
performed by competitive quantitative PCR using allele specific
probes with FRETsignal detection. A random subsample of individuals
was re-genotyped in order to confirm the pattern reproducibility.

The percentage of genotyping success for each SNP according to
the total sample (n=199) was: 97.5% for rs915 (n=194), 96.5% for
rs1058401 (n=192), 97.5% for rs2268432 (n=194), 97.5% for rs669838
(n=194), 98.5% for rs1020294 (n=196), 97.5% for rs1250171 (n=195),
97.5% for rs630110 (n=195), 97.5% for rs3791809 (n=194), 97.5% for
rs4853694 (n=194), 97.9% for rs909270 (n=195), 97.5% for rs3745233
(n=194), 96.5% for rs334558 (n=192), 98.5% for rs1732170 (n=196)
and 96.9% for rs11921360 (n=193).

2.4. Statistical analysis

Hardy–Weinberg equilibrium (HWE) for genotype frequencies was
calculated using Chi-square test. Afterwards, we classified patients
according to the presence or not of suicidal behavior (defined as the
presence of at least one previous suicidal attempt). Genotype and
allele frequencies were compared between groups using Chi-square
contingency analysis. Odds ratios (OR) with 95% confidence intervals
(CI) were estimated for the effects of high-risk genotypes. Statistical
significance was fixed at po0.05. All statistical procedures were
performed using PASW (version 18.0.0) and EpiInfo (version 3.5.3).

Haploview 3.2 (Barrett et al., 2005) was used to generate a
linkage disequilibrium map and to test for HWE. The ‘‘haplo.stat’’
package from the ‘‘R’’ software (R Development Core Team, 2008)
was employed to calculate haplotype frequencies. Permutation
analyses (50,000 permutations) were also used to estimate the
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global significance of the results for haplotype analyses to confirm
the expectation-maximization values.

3. Results

Sociodemographic and clinical features of patients are
shown in Table 1. The sample comprised 150 BP I and 49

BP II with a mean age of 47.32 (range: 23–81). Of the total
sample, 69 (34.7%) patients made at least one lifetime
suicide attempt, of which 50.7% were categorized as
violent.

There were no differences in age, gender and educational
level. Comparing BP according to their history of suicidal
behavior, we found that suicide attempters were more likely

Table 1 Sociodemographical and clinical characteristics of the sample.

Total (N=199) SA (N=69) NA (N=130)

QUALITATIVE N (%) N (%) N (%) P�

Gender (women) 97 (48.7) 38 (55.1) 59 (45.4) n.s
Employment status (not employed) 67 (33.7) 51 (73.9) 76 (58.5) 0.024
Marital status (not married) 114 (57.3) 48 (69.6) 66 (50.8) 0.011
Educational level n.s

Primary or less 61 (30.6) 20 (29) 40 (30.8)
High school 73 (36.8) 28 (40.6) 45 (34.6)
Graduate 65 (32.6) 21 (30.4) 45 (34.6)

Lifetime psychotic features 119 (59.8) 41 (59.4) 78 (60) n.s
1st episode polarity (Depression) 106 (53.3) 52 (75.4) 54 (41.5) o0.001
Lifetime rapid cycling 28 (14.1) 12 (17.4) 16 (12.3) n.s
Lifetime atypical symptoms 41 (20.6) 21 (30.4) 20 (15.4) o0.001
Lifetime psychotic depression 39 (19.6) 23 (33.3) 16 (12.3) o 0.001
Diagnosis (BD I) 150 (75.4) 46 (66.7) 104 (80) 0.038
Family history of psychiatric disease 123 (61.8) 45 (65.2) 78 (60) n.s
Family history of affective disease 112 (56.3) 41 (59.4) 71 (54.6) n.s
Family history of completed suicide 32 (16.1) 14 (20.3) 18 (13.8) n.s
Suicidal ideation 137 (68.8) 66 (95.7) 71 (54.6) o0.001
Suicidal attempt 69 (34.7) – –
Axis I comorbidity 13 (6.5) 4 (5.8) 9 (6.9) n.s
Axis II comorbidity 15 (7.5) 9 (13) 6 (4.6) 0.036
Axis III comorbidity 73 (36.7) 22 (31.9) 51 (39.2) n.s
Lifetime abuse

Cannabis 60 (30.2) 19 (27.5) 41 (31.5) n.s
Alcohol 106 (53.3) 36 (52.2) 70 (53.8) n.s
Cocaine 30 (15.1) 12 (17.4) 18 (13.8) n.s

Current medications
Lithium 100 (50.3) 29 (42.2) 71 (54.6) n.s

Other mood stabilizers 116 (58.3) 41 (59.4) 75 (57.7) n.s
Antipsychotics 123 (61.8) 47 (68.1) 76 (58.5) n.s
Antidepressants 72 (36.2) 36 (52.2) 36 (27.7) 0.001
Benzodiazepines 97 (48.7) 35 (50.7) 62 (47.7) n.s

QUANTITATIVE Mean (S.D) Mean (S.D) Mean (S.D) p��

Age (y) 47.32 (12.58) 47.13 (9.62) 47.42 (13.94) n.s
Illness duration (y) 17.61 (12.23) 17.48 (9.19) 17.68 (13.56) n.s
Age at onset (y) 29.74 (12.63) 29.22 (11.55) 30.01 (13.21) n.s
Number of hospitalization 2.78 (3.69) 3.81 (4.35) 2.23 (3.16) 0.001

Number of episodes
Depression 7.04 (7.64) 8.42 (7.70) 6.27 (7.53) 0.003
Mania 4.04 (5.48) 4.08 (6.04) 4.03 (5.18) n.s
Hypomania 2.34 (3.14) 2.52 (3.24) 2.25 (3.10) n.s
Mixed 0.76 (1.80) 0.90 (1.65) 0.70 (1.87) n.s

HDRS 3.16 (2.40) 4.07 (2.54) 2.71 (2.20) 0.001
YMRS 0.92 (1.59) 1.04 (1.73) 0.86 (1.51) n.s

Abreviations: SA=suicide attempters; NA=non attempters; HDRS=Hamilton Depression Rating Scale; YMRS=Young Mania Rating Scale.
nChi-square test.
nnU-Mann Withney test.
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to be not married (p=0.011) and unemployed (p=0.024),
had higher rates of suicidal ideation (po0.001), had a
higher number of depressive episodes (p=0.003) and hospi-
talizations (p=0.001), had more subsyndromal depressive
features (p=0.001), were more likely to present a depres-
sive onset of the illness (po0.001) had higher rates of
comorbidity in Axis II (p=0.036), had a higher prevalence of
lifetime history of psychotic depression (po0.001) and
atypical features (po0.001) and were more likely to receive
antidepressant treatment (p=0.001) compared to non
attempters (see Table 1).

Genotype distribution were all in HWE (p=0.89 for IMPA
gene-rs915; p=0.72 for the IMPA gene-rs1058401; p=0.55
for the IMPA gene-rs2268432; p=0.49 for the IMPA2 gene-
rs669838; p=0.6 for the IMPA2 gene- rs1020294; p=0.97 for
the IMPA2 gene-rs1250171; p=0.97 for the IMPA2 gene-
rs630110; p=1.00 for the INPP1 gene-rs3791809; p=0.99
for the INPP1 gene- rs4853694; p=0.99 for the INPP1 gene-
rs909270; p=0.44 for the GSK3b gene -rs334558; p=0.42 for
the GSK3b gene-rs1732170; p=0.67 for the GSK3b gene-
rs11921360; p=1.00 for the GSK3a gene-rs3745233).

3.1. Single marker analysis

Single marker analysis revealed several associations
between some variants in the IMPA2, INPP1 and GSK-3b
genes and suicidal behavior at both genotypic and allelic
level. No association was detected between the IMPA1 and
GSK-3a gene polymorphisms and suicidal behavior (See
Table 2).

Carriers of the AA genotype for rs669838-IMPA2 gene were
more likely to have a history of suicide attempt in compar-
ison to C-allele carriers (CC or CA) (OR=2.92; CI95% [1.19–
7.26]; w2=7.015; p=0.008). Similarly, patients carrying GG
genotype of the rs4853694-INPP1 gene were more likely to
be suicide attempters than A-allele carriers (AA or AG)
(OR=3.69; CI95% [1.05–14.56]; w2=5.665; p=0.020).

Two SNPs in the GSK3b gene were associated with suicide
attempts. Patients carrying T allele (TT or CT genotypes) of
the rs1732170 (OR=2.05; CI95% [1.02–4.21]; w2=4.753;
p=0.029) and A carriers (AA or AC genotypes) of the
rs11921360 gene (OR=3.25; CI95% [1.03–13.49]; w2=4.726;
p=0.029) were more likely to be suicide attempters com-
pared to those who carried CC homozygous genotypes,
respectively.

3.2. Haplotype analysis

Fig. 1 presents the results of linkage disequilibrium tests
among markers at the IMPA1, IMPA2, INPP1 genes from the
phosphoinositide second messenger system and the GSK3b
gene from the Wnt/b-catenine signaling pathway. Haplotype
frequencies and associations with suicide attempters and
non-attempters are shown at Table 3. Haplotype analysis of
the IMPA1 gene revealed no significant differences between
suicide attempters and non-attempters.

With regard to the IMPA2 gene, single analyses have
shown significant differences between suicide attempters
and non-attempters when comparing genotype frequencies
of the rs669838. However, this polymorphism was not in
linkage disequilibrium with the other analyzed SNPs. Taking

into account those in linkage disequilibrium (rs1250171 and
rs630110), no significant differences were found when
attempters and non-attempters were compared in terms
of haplotype frequencies.

Concerning the INPP1 gene, the frequency of the A:A
haplotype (rs4853694:rs909270) was lower in suicide attempters
compared to non-attempters (0.223:0.324; p=0.027; sim-
p=0.028).The global score statistic was also significant (Glo-
bal-stat=6.05; df=2; p value=0.048;Global sim. p-val=0.049).

Regarding the GSK3b gene, those with a history of suicide
attempt had both higher frequencies of the C:A haplotype
and lower frequencies of the A:C haplotype (rs1732170:
rs11921360) when compared to non-attempters (0.522:
0.387; p=0.015; sim-p=0.012 and 0.259:0.377; p=0.023;
sim-p=0.021, respectively; Global-stat=6.61; df=2;p
value=0.036;Global sim. p-val=0.035) (See Table 3).

4. Discussion

To the best of our knowledge, this is the first study to
examine whether molecular variation at IMPA1, IMPA2,
INPP1 and GSK3a and GSK3b genes are potential genetic
markers for suicidal behavior in BD. Our results suggest that
genetic variability at rs669838-IMPA2, rs4853694-INPP1,
rs1732170-GSK3b and rs11921360-GSK3b genes is associated
with a higher risk of attempting suicide in bipolar patients.

Our study suggest that, bipolar patients with AA homozygous
genotype at rs669838 at the IMPA2 gene are more likely to be
suicide attempters compared to C-allele carriers Thus, our data
would complement results from two genetic association studies
which reported that variability at the above mentioned gene
may confer risk for BD (Sjoholt et al., 2004; Ohnishi et al.,
2007). In addition, the IMPA2 gene has also emerged a potential
candidate gene for pharmacogenetic studies of lithium response
(Dimitrova et al., 2005), given it is a potential target for
lithium’s action (Sjoholt et al., 1997). In this sense, our results
would provide a possible explanation for lithium’s putative
antisuicidal properties.

Our finding suggests that genetic variability at INPP1 gene
increases the liability for committing suicide attempts in
BD, especially for those presenting homozygous GG geno-
type at the rs4853694 SNP. Our study also indicated that A:A
haplotype (rs4853694:rs909270) was less frequent among BP
with history of SB.. Therefore, our results would add some
data to those studies concerning SNPs at the gene encoding
INPP1 which have supported a role for genetic variability at
the INPP1 gene in terms of lithium’s effect on mood stability
(Michelon et al., 2006; Steen et al., 1998), although one
study failed to replicate this association (Piccardi et al.,
2002). This molecular variability in both IMPA2 and INPP1
genes comports with studies reporting alterations in the
phospoinositol pathway in suicides (Pacheco et al., 1996;
Pandey and Dwivedi, 2010)

Genetic variability at the gene encoding GSK3b may be a
potential risk factor for attempting suicide in BD: T-allele
carriers of the rs1732170 and A-allele carriers of the
rs11921360-GSK3b gene had approximately two-fold and
three-fold greater risk of being suicide attempters, respec-
tively, compared to those homozygous for the alternative
allele. We also found higher frequencies of C:A haplotype and
lower frequencies of A:C haplotype (rs1732170:rs11921360)
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among attempters compared to non attempters. This is in line
with work which suggest that Wnt/b-catenine signaling path-
way may be involved in suicidal behavior, based on reports of
alteration in glutamine synthetase activity in suicide brains
(Kim et al., 2007; Sequeira et al., 2009; Klempan et al., 2009;
Karege et al., 2007). Bearing in mind that lithium, at optimal
concentrations, inhibits GSK3 and that some authors consider
that its possible antisuicidal effects could be related to
its capacity to increase glutamine synthetase, expression
(Kalkman, 2011), genetic variability at genes linked to this
pathway may confer an increased liability to suicidal behavior.

Last but not least, due to some limitations, our results should
be interpreted with caution. Firstly, our sample is relatively
small, although our sample allows detection of an OR Z1.5
with statistical power higher than 80%. Secondly, we have
examined a total of 14 SNPs from five different genes and
analyses were not corrected for multiple testing. Despite the
fact that Bonferroni correction could be used to correct multi-
ple testing, it was considered that the use of this procedure
would be too restrictive in this exploratory study. Moreover,
haplotype analysis, a more powerful genetic and statistical
approach, confirmed the analyses conducted on single SNPs.
Thirdly, SNPs that showed a significant effect on suicidal
phenotype are located in intronic regions and its functional
relevance has not been described. However, these variants
could be in linkage disequilibrium with functional ones or they
could be affecting splice sites as has been described for other
intronic variability (Baralle and Baralle, 2005). Unfortunately,
testing for SNP functionality is not a simple task and studies of
complex disease often fail to verify causality of individual SNP
for the phenotype (Olivier, 2004). Another limitation remains in
the fact that no specific scale concerning suicide assessment
was used. Finally, none of the patients of this study committed
suicide, therefore, we did not obtain data from this group of
patients, probably the most severe phenotype of suicidal
behavior in BD and in general.

In summary, despite limitations, our results indicate an
association between SNPs in the genes encoding IMPA2, INNP1
and GSK3b proteins and suicide attempts in BD and provide
insight into the potential impact of genetic variability in both
the phospoinositide second messenger system and the Wnt/b-
catenine pathway on suicidal behavior. Expanding our knowl-
edge and understanding about the impact of these pathways on
suicidal behavior may improve its prevention and management
by providing new biological tools for the early detection of
patients at high risk, but also providing guidance in the design
of new drugs with antisuicidal properties. Further studies with
larger samples and novel targets focused on genetic variability
of genes linked to underlying molecular basis of BD are needed,
not only to disentangle the pathophysiology of this illness, but
also to decipher the potential contributory role of genetic
variation at those pathways to the multiple comorbidities
associated with BD.
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Abstract
Bipolar patients present increased levels of impulsivity even during remission periods. It is
known that this dimensional trait negatively impacts on the course of illness and worsens their
prognosis and outcome. Evidence from both basic and clinical researches supports that Lithium
(Li) may decrease impulsivity. Owing to the fact that Li inhibits both glycogen synthetase
kinase-3 (GSK3) isoenzimes, our aim was to analyze the potential impact of genetic variants
located at the GSK3 α and β genes on impulsivity levels in a bipolar sample. Our sample
consisted of 199 unrelated Caucasian bipolar outpatients who were recruited from the Bipolar
Disorder Unit of the Hospital Clinic of Barcelona and from primary care settings from Oviedo.
Four polymorphisms at the GSK3 α and β genes were genotyped in order to analyze the impact
of genetic variability on impulsivity as measured by the BIS-11 scale. Single SNP analysis showed
that patients carrying T and G alleles at the rs1732170-GSK3β and the rs334558-GSK3β,
respectively, presented increased levels of attentional impulsivity compared to non-carriers.
These results were also confirmed by haplotype analysis. Our results suggest that genetic
variability at GSK3β gene is associated to increased impulsivity in bipolar patients.
& 2014 Elsevier B.V. and ECNP. All rights reserved.

www.elsevier.com/locate/euroneuro

0924-977X/$ - see front matter & 2014 Elsevier B.V. and ECNP. All rights reserved.
http://dx.doi.org/10.1016/j.euroneuro.2014.01.005

nCorrespondence to: Clinical Institute of Neuroscience, University Clinic Hospital of Barcelona. IDIBAPS, CIBERSAM Villarroel 170.
08036-Barcelona, Spain. Tel.: +34 932275401; fax: +34 932279228.

E-mail address: evieta@clinic.ub.es (E. Vieta).

European Neuropsychopharmacology (2014) 24, 510–518

��



1. Introduction

Impulsivity is a core feature of bipolar disorder (BD).
Increased levels of this dimensional trait are present not
only during acute phases of the illness but also during
euthymia (Swann et al., 2009a; Strakowski et al., 2010).
Although it is difficult to exactly describe how impulsivity
affects behavior, there is consensus considering that highly
impulsive patients present an increased predisposition to
act without reflection or full assessment, are more prone
to act without regard of consequences and present an
impaired response inhibition. As a result, this group of
patients presents an inability to conform behavior to
contextual demands which, in term, contributes to beha-
vioral problems and risky behavior (Moeller et al., 2001).
In this sense, it has been widely demonstrated that
increased impulsivity worsens clinical prognosis of BD due
to its association with several severity indices, such as
substance abuse or dependence (Swann et al., 2004),
presence of axis I and/or II comorbidities (Dunayevich
et al., 2000), suicidal behavior (Swann et al., 2009a) and
poorer functional outcome (Jimenez et al., 2012).

Despite the fact that impulsivity is a complex construct,
it is considered to be constituted by three different factors:
attentional-cognitive, motor and non-planning impulsivity
(Patton et al., 1995), which have been suggested to present
differential predictive validity for a variety of relevant
psychiatric or behavioral outcomes (Muhtadie et al., 2013).
For this reason, the Barratt Impulsiveness Scale (BIS-11) is
considered as one of the most useful tools to screen
impulsivity and plays a key role in the study on its biological,
psychological and behavioral correlates.

Particularly, the presence of increased levels of impulsiv-
ity in bipolar patients (BP), as measured by the BIS-11, has
been consistently associated with chronicity, a more
unstable course of the illness, characterized by an increased
number of episodes, an earlier onset and the presence of
depressive predominant polarity and a poorer compliance
(Ekinci et al., 2011). Highly impulsive BP has been also
reported to be at high risk for presenting substance
abuse disorders and suicidal behavior (Swann et al.,
2009a). In addition, it has been stated that there is a
correlation between higher BIS-11 scores and the severity of
the suicidal attempt (Ekinci et al., 2011).

Apart from that, several clinical studies confirm that
lithium (Li), which is considered as one of the most
effective mood-stabilizers used to treat BD, decreases
levels of impulsivity as measured by different outcome
measures not only in bipolar patients, but also in other
impulse control disorders (Hollander et al., 2005; Dorrego
et al., 2002; Swann et al., 2002b; Christenson et al., 1991).
However, data concerning the underlying molecular basis of
this effect is scarce. In fact, despite impulsivity has been
shown to be heritable (Pedersen et al., 1988; Coccaro et al.,
1993), little is known about biological mechanisms under-
lying this trait (Moeller et al., 2001). Taking into account
that biological basis of impulsivity have been traditionally
linked to dysregulation of serotonergic and dopaminergic
systems, some authors have proposed that Li could reduce
impulsivity levels by means of its capacity to regulate the
aforementioned neurotransmitter systems (Kovacsics et al.,
2009). In this sense, it has been stated that, at therapeutic

concentrations, Li inhibits glycogen synthase kinase-3
(GSK3) β isoenzime (Jope, 2011) which in turn is known to
act as a mediator of serotonergic function (Zhou et al.,
2012). It has been described that GSK3β exerts a selective
modulation of 5HT1B autorreceptor which, in turn, influ-
ences the 5HT1B receptor-regulated serotonin neuron firing,
serotonin release and, finally, behavioral outcome (Zhou
et al., 2012). A large amount of data indicates that
dysregulation of GSK, more specifically its increased enzy-
matic activity, could affect different cellular locations,
pathways and neural circuitry leading on an increased
liability for suffering mood disorders. Indeed, the inhibition
of GSK3 has been suggested to play a key role of the
therapeutic action of most of the “gold-standard” pharma-
cological agents used to treat mood disorders (Jope, 2011).
It is noteworthy that an association between genetic
variability at GSK3β and both emergence of BD and response
to lithium has been well rehearsed (Serretti and Drago,
2010; Serretti et al., 2009).

Owing to the fact that some authors have claimed that
impulsivity significantly worsens BD prognosis and enhance
chronicity (Ekinci et al., 2011), the search of genetic
markers of impulsivity would be helpful for an accurate
management of BP since its earlier stages.

Based on the potential association between Wnt/β-cate-
nine pathway, the serotonergic dysregulation usually linked
to impulsivity and the anti-impulsive properties of Lithium,
the aim of our study was to investigate the potential impact
of genetic variability located at the GSK3 α and β genes on
impulsivity levels in a sample of bipolar patients. We
hypothesized that genetic variability at the aforementioned
genes would predispose bipolar patients to present higher
levels of impulsivity.

2. Experimental procedures

2.1. Patients

The sample consisted of 199 unrelated Caucasian bipolar I or II
outpatients recruited from both the Bipolar Disorder Program (BDP)
of the Hospital Clinic of Barcelona and from mental health services
in Oviedo. The BDP provides integrated care for high-complexity BP
not only from its catchment area in Barcelona, but also from all
over Spain (Vieta, 2011a; Vieta, 2011b). And, in order to make
possible various analysis of long-term outcome, the BDP had been
performing since 1992 a prospective data collection on the illness
course of all BP included in its program, as already described
elsewhere (Colom et al., 2006; Jimenez et al., 2013). Therefore,
this cross-sectional analysis includes both retrospective and pro-
spective collected data.

Inclusion criteria were as follows: (a) bipolar I or II DSM-IV-TR
diagnosis, (b) age over 18 years, (c) being descended from at least
two generations of Caucasian and (d) fulfilling criteria for euthymia
defined as a scorer8 on the Hamilton Depression Rating Scale
(HDRS) (Ramos-Brieva and Cordero, 1986; Hamilton, 1960) and a
score r6 on the Young Mania Rating Scale (YMRS) (Colom et al.,
2002; Young et al., 1978). Patients presenting (a) mental retarda-
tion (defined as IQo70) and/or (b) a severe organic disease were
excluded from the study. After a comprehensive description of the
study to the patients, written informed consent was obtained.

A semi-structured interview based on the Structured Clinical
Interview for DSM Disorders (SCID), which also considered data from
medical records, was used to assess sociodemographic and clinical
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data. The HDRS and YMRS were used to assess depressive and manic
features, respectively.

Impulsivity was evaluated by means of the BIS-11, based on the
principal-component analysis of the scale by Patton et al. (1995).
This self-administered questionnaire consisted of 30-item to which
answers are quoted on a four-point Likert scale (1=rarely/never to
4=almost always/always). Therefore, overall scores range from 30
to 120, higher scores indicating greater impulsivity. The BIS-11
comprises Attentional-cognitive (which measures tolerance to
cognitive complexity and persistence), Motor (which assess the
tendency to act impetuously) and Non-Planning impulsivity (which
evaluate the absence of weighing up future consequences of action)
subscales. Non-psychiatric controls generally score in the range of
50–60 (Swann et al., 2002a).

2.2. Genotyping

DNA was extracted from blood samples according to standard
protocols. One single nucleotide polymorphism (SNP) at the GSK3α
gene (rs3745233) and three at GSK3β gene (rs334558, rs1732170 and
rs11921360) were selected based on the literature and the SYSNPS
program (www.sysnps.org). SNPs were selected with SYSNPS pro
gram only if they were TagSNPs of the candidate gene and, when
possible, a Minor Allele Frequency (MAF) 40.3. This MAF criterion
was used to increase the statistical power. Genotyping, blind to
clinical assessment, was performed by competitive quantitative
PCR using allele specific probes with FRET signal detection.

The percentage of genotyping success for each SNP according to
the total sample (n=199) was 97.5% for rs3745233 (n=194), 96.5%
for rs334558 (n=192), 98.5% for rs1732170 (n=196) and 96.9% for
rs11921360 (n=193).

2.3. Statistical analysis

Normality of continuous data was examined using the Kolmogorov–
Smirnov test and by analyzing the Q–Q plots and the data distribu-
tion in the histograms. In order to analyze the effect of genotype on
impulsivity levels, patients were classified as carriers of the risk
allele for rs1732170-GSK3β (T-carriers vs. CC homozygous) and
rs11921360-GSK3β (A-carriers vs. CC homozygous) (Jimenez et al.,
2013). For those cases in which no risk allele has been previously
reported in the literature, patients were classified as carriers of the
MAF; for rs3745233-GSK3α (C-carriers vs. TT homozygous) and
rs334558-GSK3β (G-carriers vs. AA homozygous).

A univariate analysis of covariance (ANCOVA) was performed to
covary for the effects of different variables that were thought to
influence impulsivity levels, as previous literature has shown. Thus,
GSK3α or β genotype was considered as a fixed factor and
impulsivity measures as dependant variables. Age, gender, educa-
tional level, HDRS, YMRS, ongoing antidepressant treatment condi-
tion and ongoing lithium treatment condition were used as
covariates.

Statistical power estimations were conducted by using GnPower
3.1.7 (Faul et al., 2009). For the rs37445233-GSK3α, we had
sufficient power (0.80) to detect a medium effect size (d=0.47)
corresponding to a difference of 5.96 points in total impulsivity
means (BIS-11) between the two main genotypes. In the case of
GSK3β (rs334558, rs1732170 and rs11921360) we had a sufficient
power (0.80) to detect a medium effect size (d=0.37, d=0.38 and
d=0.53, respectively) corresponding to a 4.65, 4.74 and 6.23 points
difference, respectively.

Hardy–Weinberg equilibrium (HWE) for genotype frequencies in
all samples were calculated using Chi-square test with EpiInfo
v.3.5.3. Statistical significance was fixed at po0.05. Bonferroni
correction was conservatively applied for multiple testing in single
polymorphism analyses (p=0.0125 (=0.05/4 SNPs)). All statistical

procedures were performed using PASW (version 18.0.0) and
EpiInfo.

Haploview 3.2 (Barrett et al., 2005) was used to generate a
linkage disequilibrium map in the haplotype analysis. The “haplo.
stat” package from the “R” software (R Development Core Team,
2008) was employed to calculate haplotype frequencies. Permuta-
tion analyses (10,000) were also used to estimate the global
significance of the results for haplotype analyses to confirm the
expectation–maximization values.

3. Results

Our sample comprised 102 males and 97 females with a
mean age of 47.32. Among analyzed BP, total BIS-11 scores
ranged from 40 to 108 (mean=65.02; SD=11.782). A more
detailed description of the main sociodemographic and
clinical variables of the sample could be found at Table 1.
Genotype distributions of all SNPs were found to be in HWE
(p=0.44 for the GSK3β gene-rs334558; p=0.42 for the GSK3β
gene-rs1732170; p=0.67 for the GSK3β gene-rs11921360;
p=1.00 for the GSK3α gene-rs3745233).

Concerning the rs334558-GSK3β gene, G allele carriers
(GA or GG) presented with significant higher levels of
attentional-cognitive impulsivity as measured by the BIS-
11 even after controlling for potential covariates (F=5.715;
p=0.018; partial η2=3.2%; observed power=66.2%). How-
ever, this result did not survive multiple testing correction.

Table 1 Sociodemographic and clinical description of
the whole analyzed sample.

Whole sample (N=199)

Gender (male) 102 (51.3%)
Age (y) 47.32712.58
Educational level

Primary or less 61 (30.6%)
High school 73 (36.8%)
Graduate 65 (32.6%)

Diagnosis (TBI) 150 (75.4%)
Illness duration (y) 17.61712.23
Total number of episodes

Depressive 7.0477.64
Manic 4.0475.48
Hypomanic 2.3473.14
Mixed 0.7671.80

Current medications
Lithium 100 (50.3%)
Other mood stabilizers 116 (58.3%)
Antipsychotics 123 (61.8%)
Antidepressants 72 (36.2%)
Benzodiazepines 97 (48.7%)

HDRS 3.1672.40
YMRS 0.9271.59
BIS-11

Attentional-cognitive 18.7773.942
Motor 21.7775.748
Non-planning 24.4875.124
Total 65.02711.782

HDRS, Hamilton Depression Rating Scale; YMRS, Young Mania
Rating Scale; BIS-11, Barratt Impulsiveness Scale.

E. Jiménez et al.512

��



We found no association between neither of the remaining
BIS-11 domains and the presence of the rs334558-GSK 3β
considered risk allele (see Tables 2 and 3).

We also found that when we compared T allele carriers
(CT or TT) vs. CC homozygous individuals of the rs1732170-
GSK 3β gene polymorphism for attentional-cognitive BIS-11
subscale, we found that T allele carriers scored significantly
higher regardless of included covariates (gender, age,
educational level, HDRS,YMRS, ongoing treatment with
antidepressant drugs and/or lithium) (F=9.470; p=0.002;
partial η2=5.1%; observed power=86.4%). Similar to the
former SNP, no differences were detected among the other
subscales, neither concerning the total BIS scores (see
Tables 2 and 3).

No association was detected between the GSK3α gene
polymorphisms and impulsivity (see Table 2).

Haplotype analyses confirm the effect of GSK3β gene in
the attentional-cognitive dimension of impulsivity (global
sim. p-val=0.035). Frequency distribution and linkage dis-
equilibrium data can be found in Fig. 1 and Table 4.

4. Discussion

As far as we know this is the first study that analyzes the
potential association between genetic variability at GSK3 α
and β genes and impulsivity in BP. Our main results suggest
that genetic variability at GSK3β gene is associated to
attentional-cognitive impulsivity factor in BD. More specifi-
cally, BP carrying T and G alleles at the rs1732170-GSK3β
and the rs334558-GSK3β, respectively, presented an
increased level of impulsivity, characterized by difficulties
to focus and maintain attention and to tolerate cognitive
complexity and persistence. These results were also con-
firmed by haplotype analyses.

As we expected, genetic variability at the GSK3β gene
may predispose BP to an increased impulsivity, especially
concerning attentional domain. It should be mentioned that
this genetic impact on impulsivity remains even controlling
for the effects of several variables that have been tradi-
tionally associated with this dimensional-trait, such as
gender, age, level of education, the presence of affective

Table 2 BIS-11 scores according to genotype distribution of the polymorphisms at GSK3α and GSK3β genes.

BIS-11 scores ANCOVAa

rs37445233-GSK3α gene

C carriers (N=35), mean (SD) TT genotype (N=152), mean (SD) F p

Cognitive-attentional 18.54 (3.616) 18.78 (3.990) 0.157 0.692
Motor 21.23 (5.781) 21.81 (5.749) 0.043 0.837
Non-planning 23.74 (5.564) 24.66 (5.059) 0.669 0.414
Total 63.51 (12.507) 65.24 (11.647) 0.363 0.548

rs334558-GSK3β gene

G carriers (N=108), mean (SD) AA genotype (N=77), mean (SD)

Cognitive-attentional 19.37 (4.013) 17.88 (3.656) 5.715 0.018
Motor 22.03 (5.910) 21.35 (5.600) 0.185 0.668
Non-planning 24.45 (5.466) 24.52 (4.723) 0.107 0.744
Total 65.85 (12.512) 63.75 (10.645) 0.764 0.383

rs1732170-GSK3β gene

T carriers (N=120), mean (SD) CC genotype (N=68), mean (SD)

Cognitive-attentional 19.41 (3.925) 17.63 (3.705) 9.470 0.002b

Motor 21.80 (5.871) 21.65 (5.603) 0.000 0.999
Non-planning 24.51 (5.387) 24.38 (4.741) 0.072 0.789
Total 65.72 (12.353) 63.66 (10.682) 1.300 0.252

rs11921360-GSK3β gene

A carriers (N= 165), mean (SD) CC genotype (N= 26), mean (SD)

Cognitive-attentional 18.95 (3.898) 17.38 (3.742) 2.740 0.100
Motor 21.87 (5.779) 20.85 (5.605) 0.573 0.450
Non-planning 24.50 (5.185) 24.54 (4.718) 0.041 0.840
Total 65.32 (11.758) 62.77 (11.050) 0.726 0.395

Statistical significance was defined at the 0.05 level, two-tailed.
aANCOVA with gender, age, educational level, HDRS, YMRS, ongoing antidepressant treatment and ongoing lithium treatment

conditions as covariates.
bSignificant after Bonferroni correction (p-value=0.0125).
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symptomatology and current medication, more specifically,
antidepressants and lithium, which are known to objectively
influence impulse control in this group of patients. There-
fore, our results would complement those studies which
have reported that genetic variation in the aforementioned
gene plays a significant role in the emergence of BD,
responsiveness to Li (Serretti et al., 2009) and, specially,
increasing the risk of suicidal behavior in BP (Jimenez et al.,
2013). In this regard, it should be pointed out that one of
the risk alleles, which has been found to be linked to
increased impulsivity (T allele of the rs1732170-GSK3β) in
the present study, was also reported by our group to be
associated to an increased risk of suicidal behavior in a BP
sample (Jimenez et al., 2013). Therefore, our obtained data

would be in line to those works linking impulsivity and
suicidal behavior. Our results concerning genetic variability
at GSK3β gene would offer a potential biological explana-
tion to those works which have shown that suicidal attemp-
ters present a worse performance on impulsivity measures
when compared to non-attempters (Swann et al., 2009a,
2005, 2009b; Oquendo et al., 2004; Mahon et al., 2012;
Harkavy-Friedman et al., 2006; Wu et al., 2009), as well as
to those which found that suicide attempters obtained
significantly higher BIS-11 scores (Malloy-Diniz et al., 2011;
Swann et al., 2005; Ekinci et al., 2011). Taking everything
into account, it is reasonable to argue that the impact of
genetic variability at GSK3β gene on suicidality would be
modulated by its impact on impulsivity levels and offer a

Table 3 Univariate analysis of covariance using the rs334558-GSK3β and the rs1732170-GSK3β genotype as fixed factor,
respectively, BIS-11 attentional-cognitive score as dependant variable and age, gender, educational level, HDRS, YMRS,
ongoing antidepressant treatment and ongoing lithium treatment conditions as covariates in a bipolar patients sample.

Variables F p Partial η2 (%) Observed power (%)

Corrected model 4.049 0.000 15.7 99.1
Intercept 155.345 0.000 47.2 100
Age 4.983 0.027 2.8 60.3
Gender 0.695 0.406 0.4 13.2
Educational level 1.030 0.312 0.6 17.2
HDRS 12.313 0.001 6.6 93.7
YMRS 0.001 0.979 0.0 5.0
Ongoing antidepressant treatment 0.317 0.574 0.2 8.7
Ongoing lithium treatment 0.255 0.615 0.1 7.9
GSK3β genotype (rs334558: G carriers vs. AA) 5.715 0.018 3.2 66.2

Corrected model 4.673 0.000 17.4 99.7
Intercept 169.380 0.000 48.9 100
Age 5.423 0.021 3.0 63.9
Gender 1.037 0.310 0.6 17.3
Educational level 1.420 0.235 0.8 22.0
HDRS 13.219 0.000 6.9 95.1
YMRS 0.003 0.956 0.0 5.0
Ongoing antidepressant treatment 0.069 0.793 0.0 5.8
Ongoing lithium treatment 0.012 0.911 0.0 5.1
GSK3β genotype (rs1732170: T carriers vs. CC) 9.470 0.002 5.1 86.4

HDRS, Hamilton Depression Rating Scale; YMRS, Young Mania Rating Scale.
Statistical significance was defined at the 0.05 level, two-tailed.

GSK3 gene

rs334558-rs1732170:
D’=0.975; r-squared: 0.784

rs1732170-rs11921360:
D’=1; r-squared: 0.385

rs334558-rs11921360:
D’=0.974; r-squared: 0.304 0.052others

0.051A:T:A

0.218A:C:A

0.322A:C:C

0.357G:T:A

FrequenciesHaplotype

GSK3 gene: rs334558-rs1732170-rs11921360

Fig. 1 Linkage disequilibrium among markers at the GSK3β gene and frequencies of the haplotypes in the bipolar sample.
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potential functional explanation about how genetic variant
located at the aforementioned gene could impact in the
emergence of suicidal behavior (SB) in BP.

More specifically, the fact that patients carrying the risk
alleles of GSK3β genes specifically presented significant
elevations of the attentional-cognitive BIS-11 scores would
comport with several reports which have concluded that
suicide attempters present an impaired performance in
attentional and immediate memory tasks (Wu et al., 2009;
Martinez-Aran et al., 2004; Swann et al., 2005). Our results
would be also in line with those reporting that attentional
impairment may impact negatively in cognitive and emo-
tional processing, predisposing to problem-solving deficits
that are usually displayed by suicidal patients (Jollant
et al., 2005; Malloy-Diniz et al., 2009). Despite decision-
making is considered a high-order cognitive function, it is
not unreasonable to argue that, probably, failure in decision
processes observed in suicidal patients may be mostly
caused by an impaired ability to focus attention and to
assess the information on which they are based, as our
results suggest.

On the other hand, patients showing an increased atten-
tional impulsivity would be less able to deal with stressful
life-events which, in turn, might facilitate the emergence of
suicidal ideation. In addition, taking into account that this
group of patients presents a substantial attentional bias and
cognitive rigidity, they would be more prone to attend
hopelessness, guilty or self-blame ideation (Keilp et al.,
2008). Therefore, it would be not unexpected that suicidal
option could be impulsively chosen, as “the best option”
to solve the situation by these attentional-impaired
individuals.

Besides, bearing on mind that GSK3 is a well-recognized
molecular target of Li, our results could offer also a
potential explanation concerning the underlying molecular
mechanism of action of the prophylactic effect against
suicide attributed to Li. Despite evidence supporting the
antisuicidal properties of Li salts is large (Tondo and
Baldessarini, 2009; Cipriani et al., 2005; Cipriani et al.,
2013) the underlying molecular basis of this antisuicidal
effect has yet to be clarified. Despite one may argue
whether the antisuicidal properties of Li are exerted by
reducing affective symptomatology, there is data supporting
that this drug is performing its prophylactic effect against
SB in a different way, not attributable exclusively to its
capacity to alleviate mood symptomatology (Muller-
Oerlinghausen, 2001; Ahrens and Muller-Oerlinghausen,
2001). Based on results from both basic and clinical
research, some authors have suggested that Li might exert
its prophylactic effect against suicide by reducing impulsiv-
ity by means of its ability to increase serotonin activity and
to regulate serotonergic and dopaminergic systems
(Kovacsics et al., 2009; Cipriani et al., 2013).

Thus, taking into account that Li inhibits GSK3 isoen-
zymes, which in turn its is known to modulate serotonergic
and dopaminergic function (Jope, 2011), the discovery of
the association between GSK3β gene variability to impulsiv-
ity would raise the possibility that this inhibitory action
contributes to the antisuicidal properties of Li.

Therefore, our results linking GSK3β gene variability to
impulsivity would be in line with those hypotheses that
suggest that the reduction of rates of suicide attributed to
this mood stabilizer could be related to its capacity to
reduce impulsivity levels (Cipriani et al., 2013).

Table 4 Haplotype frequencies of rs334558(A/G)-rs1732170(C/T)-rs11921360(A/C) of GSK3β gene according to impulsivity
measures (calculations were corrected by gender and age).

Haplotype p Sim-p Global score statistics

BIS-11: cognitive-attentional
G:T:A 0.068 0.066 Global-stat=11.65; df=5; p value=0.039, global sim. p-val=0.035
A:C:C 0.019 0.021
A:C:A 0.400 0.406
A:T:A 0.104 0.108

BIS-11: motor
G:T:A 0.857 0.860 Global-stat=0.69; df=5; p value=0.98, global sim. p-val=0.984
A:C:C 0.820 0.819
A:C:A 0.740 0.741
A:T:A 0.986 0.983

BIS-11: non-planning
G:T:A 0.943 0.941 Global-stat=5.81; df=5; p value=0.324, global sim. p-val=0.328
A:C:C 0.951 0.952
A:C:A 0.432 0.443
A:T:A 0.075 0.073

BIS-11: total
G:T:A 0.581 0.580 Global-stat=4.73; df=5; p value=0.449, global sim. p-val=0.452
A:C:C 0.387 0.385
A:C:A 0.639 0.639
A:T:A 0.183 0.202

Statistical significance was defined at the 0.05 level, two-tailed.
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To the best of our knowledge, no other studies on the
relationship between analyzed polymorphisms and impulsiv-
ity are available, so we cannot compare our results.

Some limitations should be considered. First of all, the
size of our sample is relatively small and due to the tertiary
nature of the Bipolar Disorder Program, some of the
subjects included in this study could be categorized as
difficult-to-treat patients, thus generalization of our results
should be done with caution. Second, SNPs that showed a
significant effect on impulsivity are located in an intronic
region and its functional significance has not been fully
described. However, these variants could be in linkage
disequilibrium with functional ones or they could be affect-
ing splice sites as has been described for other intronic
variability (Baralle and Baralle, 2005). Another limitation
remains in the fact that we did not carry out a neuropsy-
chological assessment of impulsivity dimension, which, in all
probabilities, would strengthen our results with the BIS-11.
Further studies analyzing the association between neurop-
sychological measures of impulsivity and GSK3β gene varia-
bility are needed in order to confirm our findings. Last but
not least, when multiple testing based on Bonferroni’s
procedures was applied, the significant result referred to
the rs334558-GSK3β SNP did not survive the correction.
However, subsequent haplotype analysis, which is consid-
ered a more powerful genetic and statistical approach,
demonstrates the association between this polymorphism
and increased attentional-cognitive impulsivity.

In summary, and despite potential limitations, our study
shows that attentional impulsivity is associated to genetic
variability at GSK3β gene. Thus, we believe that our
obtained data may offer a starting point to unravel the
potential relation between GSK3β gene, impulsivity and
suicide in BD, as well to understand the underlying mole-
cular basis whereby Li exerts its antisuicidal effect.

Besides the critical role on the progress of our knowl-
edge, the potential use of genetic biomarkers, such as SNPs
which will remain stable throughout the illness course,
would offer to clinicians a valid new tool for the screening,
even at early phases of the illness, of bipolar patients at
high risk from suffering poorer outcomes. Thus, the use of
this group of biomarkers, especially those related to
heritable and core features such as impulsivity, would
facilitate the detection of patients which, probably, could
benefit from tailored early interventions focused on ham-
pering the cognitive and functional impairment associated
to illness progression in bipolar disorder. More specifically,
bearing in mind the potential key role that attentional
impulsivity seems to play on suicidal risk, clinician should
weight up the addition of psychotherapeutic intervention
focused on enhancing attention control, such as Functional
Remediation (Torrent et al., 2013) or Mindfulness-based
Cognitive Therapy (Williams et al., 2008), to pharmacologi-
cal treatment in order to minimize the risk of SB in highly
impulsive bipolar patients. Further studies with larger
samples are needed in order to replicate our results.
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Background: Impulsivity is substantially higher in bipolar patients (BP) and may be associated
with a more severe course of illness, but no studies have so far examined the relationship
between impulsivity and functional outcome in BP. Our goal was to investigate the functional
impact of trait-impulsivity in BP.
Methods: 138 euthymic BP were recruited. All patients were assessed using an interview based
on the Structured Clinical Interview for DSM Disorders (SCID). The Functioning Assessment
Short Test (FAST) and the Barratt Impulsiveness Scale (BIS-11) were used to assess functional
outcome and impulsivity, respectively. Seven multiple linear regressions, with each individual
FAST subscale scores and overall FAST score as dependant variables, were conducted in order
to evaluate the predictive role of trait-impulsivity on functional outcome.
Results:After a multiple linear regression model, with the FAST total score as dependent variable,
we found that depressive symptoms (β=1.580; pb0.001), number of hospitalizations
(β=0.837; p=0.019) and impulsivity (β=0.319; p=0.004) were independently associated
with overall functional impairment (F=6.854, df=9, pb0.001, adjusted R2=0.311).
Limitations: The cross-sectional design of the study.
Conclusions:Our results indicate that impulsivity, as well as depressive symptoms and the number
of hospitalizations, is associated with overall functional impairment in BP. The assessment and
treatment of impulsivity may be useful in improving functional outcome in BP.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

The assumption that Bipolar Disorder (BD) only occasion-
ally causes disability has been deprioritized in recent years.
Currently there is a growing consensus that BD leads to a sub-
stantial functional impairment in bipolar patients (BP), and it
has been ranked by the World Health Organization as the
seventh and eighth cause of years lost due to disability in

men and women, respectively (World Health Organization,
2008). Therefore, as several authors have recommended, in-
vestigating correlates of functional impairment in this group
of patients should be a matter of concern and would enhance
the design of potential interventions, pharmacological and non
pharmacological, in order to prevent functional impairment
in BP (Jaeger and Vieta, 2007).

Several studies have demonstrated that BD is associated
with functional impairment even in euthymic periods
(Calabrese et al., 2003; Goetz et al., 2007; Rosa et al., 2008;
Strakowski et al., 2000; Tohen et al., 2005). A recent study,
carried out by Rosa et al., which assessed the level of func-
tioning in a euthymic bipolar sample, showed that 60% of pa-
tients experienced overall functional impairment (defined
as a Functioning Assessment Short Test (FAST) total score
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higher than 11) compared to 13% of healthy controls (Rosa
et al., 2009).

Most of the studies have focused on the impact of clini-
cal and sociodemographic variables on functioning. Factors
such as gender (male sex), unmarried status (Morriss et al.,
2007), low socioeconomic level, lack of social support (Keck
et al., 1998), older age at onset (Depp et al., 2004), number of
previous mixed episodes (Goetz et al., 2007; Rosa et al., 2009),
number of previous hospitalizations (Rosa et al., 2009), long
course of the illness (Robb et al., 1997) and subsyndromal de-
pressive symptoms (Altshuler et al., 2006; Rosa et al., 2009)
have been associated with poor functioning in BP. However,
less is known about the influence of personality traits such as
impulsivity in functional outcome in BP. Impulsivity can be de-
fined as a tendency to respond to stimuli without reflection or
full assessment, resulting in inability to conform behavior to
contextual demands (Moeller et al., 2001). Several studies
have concluded that impulsivity represents a core trait in BD,
and have shown that increased levels of impulsivity largely per-
sisted within subjects across mood states (Swann et al., 2001,
2003, 2004, 2009). Recently, a longitudinal study carried out
by Strakowski et al. (2010) validated prior cross-sectional find-
ings by providing direct evidence that Barratt Impulsiveness
Scale (BIS-11) (Barratt and Patton, 1983) scores were elevated
in BP independently of affective state.

Literature is teeming with studies which indicate that im-
pulsivity appears to be linked to BD severity regarding to its
contribution to several clinical impairment indices such as
an increased risk of suicidal behavior (Maser et al., 2002;
Simon et al., 2001; Swann et al., 2005), drug abuse (Moeller
et al., 2002; Swann et al., 2004) and other behavioral prob-
lems (Swann et al., 2009), but there is a gap in the study
on the influence that impulsivity may exert on functional
outcome in BP, defined as the capacity to work, study, live
independently and engage in recreational activities and in-
terpersonal relationships (Sanchez-Moreno et al., 2009;
Zarate et al., 2000).

Despite having consistent data showing that trait-impulsivity
is increased in BP compared to healthy subjects even when they
are euthymic (Peluso et al., 2007; Swann et al., 2001, 2008) and
the fact that some authors have recommended to rate impulsiv-
ity dimension/severity in the diagnostic assessment of BD (Vieta
and Phillips, 2007), to the best of our knowledge, this is the first
study that has been specifically designed and conducted to ex-
amine the relationship between impulsivity and functional out-
come in BP.

The purpose of this study was to investigate the func-
tional impact of trait-impulsivity in subjects with BD. We
also identified potential predictors of overall functional im-
pairment as well as predictors of each specific domain of
functioning in a BP sample. The Functioning Assessment
Short Test (FAST) (Rosa et al., 2007) and the Barratt Impul-
siveness Scale (BIS-11) (Barratt and Patton, 1983) were
used to assess functional outcome and impulsivity, respec-
tively. We hypothesized that increased levels of trait-
impulsivity would be associated with greater functional
impairment in BP. Thus, we expected that our results
could be useful for the early identification of BP with a
less favorable prognosis that might benefit from an earlier
therapeutic approach and a focus on impulsivity as a ther-
apeutic target.

2. Methods

2.1. Patients

138 outpatients with BD from the Bipolar Disorder Pro-
gram at the Hospital Clinic of Barcelona were recruited be-
tween February 2009 and June 2010. Inclusion criteria were
(i) fulfill DSM-IV criteria for bipolar I or bipolar II disorder (ii)
age>18 years, (iii) meeting criteria for euthymia (Hamilton
Depression Rating Scale (HDRS)≤8 and Young Mania Rating
Scale (YMRS) ≤6) and (iv) obtaining written and verbal in-
formed consent from all participants. Exclusion criteria were
the presence of (i) mental retardation or (ii) severe organic
disease. The study was approved by the Hospital Clinic of
Barcelona Ethics Committee. All patients gave written con-
sent to participate in this study.

2.2. Assessment

All patients were assessed with a semi-structured interview
based on the Structured Clinical Interview for DSM Disorders
(SCID) in order to obtain clinical and socio-demographical
data. Presence of depressive and manic features was assessed
using the HDRS (Hamilton, 1960; Ramos-Brieva and Cordero,
1986) and the YMRS (Colom et al., 2002; Young et al., 1978), re-
spectively. The FAST was administered in order to evaluate
functional outcome in subjects with BD. This scale is a valid
and reliable instrument, which is relatively easy to apply. It
was developed with the aim to identify the main difficulties
experienced by the mentally ill including those with BD. It
comprises 24 items, which evaluate six specific areas of
functioning: autonomy, occupational functioning, cognitive
functioning, financial issues, interpersonal relationships
and leisure time. Items are rated using a four-point scale:
0 = no difficulty, 1 = mild difficulty, 2 = moderate difficul-
ty and 3 = severe difficulty. The FAST scores could range
from 0 to 72. Higher scores are indicators of poor function-
ing (Rosa et al., 2007).

Trait-impulsivity was assessed using the BIS-11 based on
the principal-component analysis of the scale by Patton et al.
(Patton et al., 1995). BIS-11 is a self-rated 30-item question-
naire which has three subscales: Attentional/cognitive, which
measures tolerance to cognitive complexity and persistence;
Motor, which measures the tendency to act on the spur of the
moment; and Non-planning impulsivity, which measures the
lack of sense of the future (Patton et al., 1995). Items are
rated from 1 (rarely/never) to 4 (almost always/always).
Therefore, the scores range from 30 to 120, higher scores indi-
cating higher levels of impulsivity. Non-psychiatric controls
generally score in the range of 50–60 (Swann et al., 2002). No
cut-off score has been established, although it has been recom-
mended to use the median of the analyzed sample distribution
as a cut-off point in order to distinguish patients with high and
low impulsivity (Bobes et al., 2002).

2.3. Statistical analysis

All data was analyzed with the PASW Statistics version
18.0.0. First of all, normality of continuous data was exam-
ined using the Kolmogorov–Smirnov test and by analyzing
the Q–Q plots and the data distribution in the histograms.
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Spearman or Pearson correlation analysis were conducted to
examine possible associations between total and each
individual FAST subdomain scores and some quantitative
clinical variables (age, illness duration, total number of hos-
pitalizations and total number of mood episodes) as well as
HDRS, YMRS and total BIS-11 scores. On the other hand,
one-way analysis of variance (ANOVA), Kruskall Wallis,
T-test or U Mann–Whitney test was performed to assess
possible associations between the total score and each indi-
vidual FAST subdomain sores and some qualitative variables
(gender, marital status, level of education, diagnosis type,
axes I and II comorbidity, suicidal ideation and history of
suicidal attempts), as appropriate. Statistical significance
was set at pb0.05.

Based on these results, seven multiple linear regression,
with each individual FAST subscale scores and overall FAST
score as dependant variables, were conducted in order to
evaluate the predictive role of the above mentioned variables
on functional outcome. For each regression model, the vari-
ables were selected by empirical criteria. Those variables
that initially showed a significant association with the cor-
responding FAST score were introduced in the model. How-
ever, it should be noted that we included age, gender and
current mood state (HDRS and YMRS scores) in all regres-
sion models, as well as BIS total score, independently of
the level of significance achieved by them, in order to con-
firm whether our hypothesis was supported after having
controlled for these relevant variables. The level of signifi-
cance was fixed at pb0.05. Enter method was used to deter-
mine the final model.

3. Results

3.1. Descriptive statistics

Among analyzed BP total BIS-11 scores ranged from 40 to
91 (mean=63.95; SD=10.9). Means of the three BIS-11 sub-
scales were as follows: Attention-cognitive, mean=18.30
(SD=3.704); Motor, mean=21.67(SD=5.341) and Non-
planning, mean=23.97 (SD=4.855). Demographic and clini-
cal characteristics of the whole sample are shown in Table 1.

3.2. Correlations

As shown in Table 2, functioning outcome and trait-
impulsivity were not independent (Fig. 1); FAST total score
was significantly associated with total BIS-11 score as well
as with all its subscales. The relationship between functional
impairment and sociodemographic and clinical variables was
also analyzed (Table 3). Overall functioning was significantly
associated with age, depressive symptoms, number of total
mood episodes and previous hospitalizations, impulsivity,
educational level and suicidal ideation. Autonomy was signif-
icantly associated with depressive symptoms, impulsivity
and number of previous hospitalizations. Occupational func-
tioning was associated with manic and depressive symptoms,
impulsivity, number of total mood episodes and previous
hospitalizations. Cognitive functioning was significantly asso-
ciated with age, depressive symptoms, number of previous
hospitalizations, illness duration, impulsivity and total num-
ber of mood episodes. Financial issues were associated

with depressive symptoms, number of previous hospitaliza-
tions, impulsivity, axis I comorbidity, suicidal ideation and
marital status. Interpersonal relationship was associated
with age, depressive symptoms, number of total mood epi-
sodes and previous hospitalizations, suicidal ideation and
axis I comorbidity. Finally, leisure time was significantly as-
sociated with depressive symptoms and number of previ-
ous hospitalization.

3.3. Multiple linear regression models

For the first model of the overall functioning with FAST total
score, only depressive symptoms (β=1.580; pb0.001), num-
ber of hospitalizations (β=0.837; p=0.019) and impulsivity

Table 1
Demographic and clinical characteristics of the analyzed sample.

Whole sample

N=138
Qualitative variables N (%)
Gender (male) 74 (53.6)
Marital status (not married) 81 (58.7)
Employment status (unemployed) 81 (58.7)
Level of education

Primary or less 37 (25.4)
Secondary 52 (36.2)
Universitary 53 (38.4)

Diagnosis (TB I) 111 (80.4)
Suicidal ideation 92 (66.7)
Suicidal attempts 39 (28.3)
Axis I comorbidity 13 (9.5)
Axis II comorbidity 19 (13.9)
Lifetime alcohol abuse 87 (63.0)
Lifetime cannabis abuse 53 (38.4)
Lifetime cocaine abuse 23 (16.7)
Current medications

Mood stabilizers 126 (91.3)
Antipsychotics 80 (58.0)
Antidepressants 39 (28.3)
Benzodiazepines 60 (43.5)
Topiramate 14 (10.1)

Quantitative variables Mean (SD)
Age (y)a 46.90 (12.892)
Age at onset (y) 28.15 (12.242)
Number of hospitalizations 2.71(3.380)
Illness course (y) 19.12 (12.128)
Age at 1st hospitalization (y) 32.94 (13.757)
Episodes

Hypomanic 2.89 (2.841)
Depressive 6.89 (6.528)
Manic 4.95 (5.779)
Mixed 1.39 (2.377)
Total 13.57 (11.463)

Fast
Autonomy 3.39 (3.211)
Occupation 7.43 (5.762)
Cognitive functioninga 6.39 (3.856)
Financial issues 1.49 (1.773)
Interpersonal relationship 4.99 (3.788)
Leisure time 2.32 (1.926)
Totala 25.78 (15.011)

HDRS 2.74 (2.106)
YMRS 0.73 (1.482)

Abbreviations: FAST = Functioning Assessment Short Test, HDRS =
Hamilton Depression Rating Scale, YMRS = Young Mania Rating Scale.

a These variables were normally distributed.
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(β=0.319; p=0.004) were found to be associated with poor
functioning. This model accounted for 31.1% of the variance
(F=6.854, df=9, pb0.001, adjusted R2=0.311).

For the second model, with FAST autonomy scores as de-
pendant variable, only depressive symptoms (β=0.267;
p=0.002), number of previous hospitalizations (β=0.198;
p=0.012) and impulsivity (β=0.052; p=0.032) accounted
for the 16.5% of the variance (F=5.437, df=6, pb0.001, ad-
justed R2=0.165).

Regarding the model of the occupational functioning, de-
pressive symptoms (β=0.641; pb0.001) and number of pre-
vious hospitalizations (β=0.315; p=0.045) explained 17.4%
of the variance (F=4.270, df=8, pb0.001, adjusted
R2=0.174).

Multiple linear regression analysis showed that depressive
symptoms (β=0.363; p=0.001) and impulsivity (β=0.106;
pb0.001) were associated with poor overall cognitive

functioning. This model explained 28.6% of the variance
(F=7.207, df=8, pb0.001, adjusted R2=0.286).

For the model carried out with Financial issues as depen-
dant variable, impulsivity (β=0.057; pb0.001) and number
of previous hospitalizations (β=0.147; p=0.001) were asso-
ciated with this domain. The model explained 22.2% of the var-
iance (F=5.228, df=9, pb0.001, adjusted R2=0.222).

For the model of the FAST interpersonal relationship, only
depressive symptoms (β=0.253; p=0.029) were found to
be a correlate of poor outcome from this domain. The
model only accounted for around 11.7% of the variance
(F=2.826, df=9, p=0.005, adjusted R2=0.117).

Finally, higher presence of depressive symptoms
(β=0.154; p=0.004) and lower YMRS scores (β=−
0.198; p=0.024) were associated with poor leisure time
functioning. This model accounted for 9.9% of the variance
(F=3.479, df=6, p=0.003, adjusted R2=0.099).

Table 2
Pearson and Spearman correlations between Functioning Assessment Short Test (FAST) total score and each individual subscale scores vs BIS-11 total score and
each individual subscale scores.

Total Autonomy Occupational
functioning

Cognitive
functioning

Financial
issues

Interpersonal
relationships

Leisure
time

(FAST) (FAST) (FAST) (FAST) (FAST) (FAST) (FAST)

Total (BIS-11) 0.300⁎⁎ a 0.244⁎⁎ b 0.217⁎ b 0.382⁎⁎ a 0.352⁎⁎ b 0.154b 0.052b

Attention-cognitive 0.382⁎⁎ a 0.342⁎⁎ b 0.272⁎⁎ b 0.451⁎⁎ a 0.290⁎⁎ b 0.227⁎⁎ b 0.172⁎ b

(BIS-11)
Motor 0.194⁎ a 0.164b 0.108b 0.329⁎⁎ a 0.274⁎⁎ b 0.126b 0.008b

(BIS-11)
Non-planning (BIS-11) 0.171⁎ a 0.090b 0.165b 0.148a 0.311⁎⁎ b 0.044b −0.058b

N=138.
⁎⁎ p-value b0.001.
⁎ p-value b0.050.
a Pearson's r.
b Spearman's rho.
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Fig. 1. Correlation between Functional Assessment Short Test (FAST) and Barratt Impulsiveness Scale (BIS-11) total scores.
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4. Discussion

To the best of our knowledge this is the first study that an-
alyzes the impact of trait-impulsivity, measured using the
BIS-11, on functional impairment across a euthymic BP sam-
ple. Based on our main results, our study suggests that impul-
sivity, as well as depressive symptoms and number of
hospitalizations, are associated with overall functional im-
pairment in BP, even after controlling for gender, age and
current mood state. Therefore, we should consider that im-
pulsivity exerts a significant role in functional outcome in
BP and, more specifically, in cognitive and financial function-
al impairment.

As we expected, the presence of high levels of impulsivity in
BP was strongly associated with functional impairment and,
more specifically, with a poor cognitive functioning outcome.
Our results regarding the relationship between higher levels
of impulsivity and poor functional outcome are consistent
with previous studies in which higher levels of impulsivity in
BP resulted in greater difficulties in response inhibition and in
making advantageous choices when patients were evaluated
from a neuropsychological approach (Christodoulou et al.,
2006) and have suggested that elevated impulsivity is related
to deficiencies at different levels of cognitive functioning
(Swann et al., 2009). It is known that high scores on BIS-11
imply an increased tendency to shift attention quickly, causing
inappropriately rapid decision-making, acting without think-
ing and failures to consider the future implications of behavior
(Barratt, 1993; Patton et al., 1995). Bearing in mind that the
BIS-11 was specifically designed to evaluate trait-impulsivity
reflected in “real-life” behavior, our results suggest that some
behaviors usually displayed by BP who present higher BIS-11
scores, such as the tendency to act in the spur of the moment;
their inability to delay response for an immediate reward in
order to gain a larger reward or prevent negative conse-
quences; and their decreased levels of attention which lead to
difficulties in completing a particular task, might trigger an in-
crease in functional impairment in multiple areas, especially in
the cognitive domain. These conclusions are in line with prior
studies, which have reported that cognitive deficits, especially
verbal memory and sustained attention, are associated
with psychosocial and occupational functional impairment
(Dickerson et al., 2004; Martinez-Aran et al., 2007).

The fact that BIS-11 scores were associated with a worse
functioning in financial issues was not unexpected. It is rea-
sonable to think that the presence of high levels of impulsiv-
ity in BP, even in remission periods, would increase the risk of
experiencing difficulties in managing the finances and spend-
ing in a balanced way.

Although the patients in our study fulfilled strict criteria
for euthymia and presented extremely low levels of depres-
sive and manic symptoms, as measured with the appropriate
scales, our findings also support results from several prior
studies that confirm the relevance of the strong association
between subsyndromal depressive symptoms, even in remis-
sion periods, and functional impairment in multiple areas of life
such as autonomy, work, studies, personal finances, cognitive
performance and interpersonal relationships (Altshuler et al.,
2006; Bonnin et al., 2010; Rosa et al., 2009). Our study has
found that the presence of subthreshold depressive symptoms
was associated with a poor functioning in the following do-
mains: autonomy, occupation, cognitive functioning, interper-
sonal relationship and leisure time. All of this data highlights
the need to improve psychosocial and pharmacological strate-
gies aimed to reduce the persistence of depressive subsyndro-
mal symptoms in BP in order to improve functional outcome
and to achieve complete remission in this group of patients.

On the other hand, taking into account that low levels of
subclinical symptoms, especially depressive ones, have a neg-
ative impact on some aspects of executive functions, such as
inhibitory control and recognition memory, it is possible
that the day to day performance of a BP would be more im-
paired when high trait-impulsivity co-occurs.

With regard to age, our results are mostly in line with find-
ings reported by Rosa and colleagues (Rosa et al., 2009); how-
ever, despite the fact that older age was significantly related to
overall functional impairment, when we add impulsivity to the
multivariate analysis, age was not associated with poor func-
tional outcome. This could be explained by the fact that greater
levels of impulsivity could imply higher rates of wrong atti-
tudes or bad decisions in older patients when compared with
younger ones trough the course of life. This fact could lead to
a more torpid course and, hence, to a worse functioning
outcome.

Another variable that was found to be associated with poor
overall functioning was the number of previous hospitalizations.

Table 3
Pearson and Spearman correlations between quantitative variables vs Functioning Assessment Short Test (FAST) total score and each individual subscale scores.

Total Autonomy Occupational functioning Cognitive functioning Financial issues Interpersonal relationships Leisure time

(FAST) (FAST) (FAST) (FAST) (FAST) (FAST) (FAST)

Age 0.206⁎ a 0.081b 0.136b 0.235⁎⁎ a −0.010b 0.201⁎ b 0.142b

YMRS 0.158b 0.136b 0.241⁎⁎ b 0.051b 0.145b 0.025b −0.059b

HDRS 0.559⁎⁎ b 0.423⁎⁎ b 0.451⁎⁎ b 0.491⁎⁎ b 0.196⁎ b 0.420⁎⁎ b 0.308⁎⁎ b

Number of
hospitalization

0.380⁎⁎ b 0.329⁎⁎ b 0.357⁎⁎ b 0.209⁎ b 0.237⁎⁎ b 0.241⁎⁎ b 0.252⁎⁎ b

Illness duration 0.132b 0.072b 0.071b 0.196⁎ b 0.113b 0.132b 0.031b

Total number of
episodes

0.318⁎⁎ b 0.174b 0.272⁎⁎ b 0.367⁎⁎ b 0.125b 0.233⁎⁎ b 0.166b

N=138.
⁎ p-value b0.050.
⁎⁎ p-value b0.001.

a Pearson's r.
b Spearman's rho.
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This clinical variable is considered one of the predictors of a se-
vere course in BP. Our results replicate those obtained by Rosa
and colleagues (Rosa et al., 2009) showing that number of previ-
ous hospitalizations plays a significant role in BP functional im-
pairment and, more specifically, regarding the autonomy of the
individual and the capacity to work.

Some limitations of this study should be considered. First-
ly, since our sample was recruited from a tertiary center and
many patients who were enrolled in our study presented a
complex course, the generalization of the results presented
in this report should be done with caution. In addition, it
should be taken into account that, due to this above men-
tioned complexity, most of the patients were polymedicated,
therefore we could not dismiss the effect of medication on
functional outcome. Secondly, despite the fact that our goal
was to analyze the relationship between trait-impulsivity
and functional impairment, the assessment of impulsivity
from a neuropsychological approach would reinforce our re-
sults with the BIS-11. Further studies analyzing the potential
predictive role of performance in neuropsychological tasks
related to impulsivity on functional outcome in BD are need-
ed. Finally, another limitation remains in the cross-sectional
design of our study. Therefore, no exact cause–effect relation-
ship could be established. Further longitudinal studies will be
required in order to determine which are the best clinical and
sociodemographic predictors of functional impairment in
euthymic BP.

Despite potential limitations, we believe that the obtained
data provide further insight into the relation between func-
tional outcome and trait-impulsivity in BD. In conclusion,
our findings indicate that, as well other clinical variables
that had been studied more, such as presence of depressive
symptoms and number of previous hospitalizations, trait-
impulsivity has a significant impact on functional impair-
ment in BP. It is therefore of great significance to public
health to assess impulsivity in BP and clinicians should take
into account that the assessment of this personality dimen-
sion could represent a potential tool to distinguish those pa-
tients with a higher risk to present a severe course and a poor
functional outcome. In this sense, and considering that no
BIS-11 cut-off score has been established, further studies
establishing alternative cut-offs are needed since it would
be critical to help clinicians to distinguish between high or
low impulsivity in this group of patients.

Furthermore, in light of the association of higher levels of
impulsivity and functional impairment, one might argue that
clinicians should consider the possibility of optimizing the
pharmacological treatment of this group of patients consider-
ing the addition of drugs that have been tested with promis-
ing results in treating impulsivity (Bellino et al., 2008; Vieta
et al., 2008) as soon as increased levels of impulsivity are
detected. In addition, with regard to the observed relationship
between high impulsivity and cognitive impairment, clinicians
should also weigh up the possibility of adding cognitive remedi-
ation programs (Martinez-Aran et al., 2011) and/or cognitive-
behavioral and interpersonal psychotherapy to pharmacological
treatment in this group of BP in order to improve cognitive
performance and reduce dysfunctional attitudes. Both types of
intervention might enhance functional outcome in BP. The
potential interventions resulting from early assessment of
impulsivity in BP would not only benefit patients, but would

also reduce socioeconomic costs deriving from complications
usually associated with a severe course of BD, such as suicide.
More studies focused on impact of trait-impulsivity are needed
in order to replicate our results.
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