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Immediate and long-term mechanisms interact in the regulation of action.
We will examine neurobiology and practical clinical consequences of these
interactions. Long-term regulation of immediate behavioural control is
based on analogous responses to highly rewarding or stressful stimuli:
(i) impulsivity is a failure of the balance between activation and inhibition
in the immediate regulation of action. (ii) Sensitization is a persistently exag-
gerated behavioural or physiological response to highly salient stimuli, such
as addictive stimuli or inescapable stress. Sensitization can generalize across
classes of stimuli. (iii) Impulsivity, possibly related to poor modulation of
catecholaminergic and glutamatergic functions, may facilitate development
of long-term sensitized responses to stressful or addictive stimuli. In turn,
impulsivity is prominent in sensitized behaviour. (iv) While impulsivity
and sensitization are general components of behaviour, their interactions
are prominent in the course of bipolar disorder, emphasizing roles of sub-
stance-use, recurrent course and stressors. (v) Suicide is a complex and
severe behaviour that exemplifies the manner in which impulsivity facilitates
behavioural sensitization and is, in turn, increased by it, leading to inher-
ently unpredictable behaviour. (vi) Interactions between impulsivity and
sensitization can provide targets for complementary preventive and treat-
ment strategies for severe immediate and long-term behavioural disorders.
Progress along these lines will be facilitated by predictors of susceptibility
to behavioural sensitization.

This article is part of the theme issue ‘Risk taking and impulsive behaviour:
fundamental discoveries, theoretical perspectives and clinical implications’.

1. Introduction

Action is regulated by interacting immediate and long-term processes. Both are
responses to strong positive or negative stimuli. They appear related to survival
mechanisms, and are associated with increased arousal [1,2]. Impulsivity, a break-
down in the balance between behaviour activation and inhibition, results in action
that is not governed by deliberate intent, representing failure of immediate behav-
iour regulation [1]. Behavioural sensitization to addictive or stressful stimuli,
where previous exposure to a salient stimulus can result in persistent, exaggerated
behavioural and physiological responses to that stimulus class [2], represents fail-
ure of long-term behaviour regulation and is also related to arousal [3]. Arousal
can predispose to impulsive behaviour that appears unpredictable [1].

Impulsivity, sensitization and their interaction, involving arousal, are basic
behavioural mechanisms across species [1-5]. They, and their potentially severe
consequences, are prominent in bipolar disorder [6,7]. Susceptibility to sensitiz-
ation varies widely across individuals. Objective, clinically feasible markers are
necessary to identify those at risk for severe behavioural disturbances and
develop targets for treatment. Yet, we know of no objective markers that predict
susceptibility to sensitization.

© 2018 The Author(s) Published by the Royal Society. Al rights reserved.
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We will address (i) impulsivity, its role in the transition to a
sensitized state, and relationships between impulsivity and the
expression of sensitized behaviour (see §2); (ii) interactions of
sensitization and impulsivity in the course of bipolar disorder,
which strongly demonstrates interactions between immediate
action regulation and behavioural sensitization (see §3); (iii)
the role of sensitization—impulsivity interactions in complex
and severe behaviours, focusing on suicidality see (§§4a—c);
and (iv) potential targets for predictive markers and treatments
aimed at interacting short- and long-term mechanisms (see §4d).

2. Immediate and long-term action requlation

(a) Immediate action dysrequlation: impulsivity

Action regulation balances the initiation and inhibition of
behaviour [4]. Impulsivity, a disruption of this balance, leads
to action that does not conform to its context, with potentially
severe consequences [5—10]. Impulsivity is increased in affec-
tive disorders [7], substance-use disorders (SUD) [8], severe
aggression [9] and suicide [6] or other premature death [10].

Impulsivity can be assessed by questionnaires, including
the Barratt Impulsiveness Scale (BIS-11), addressing long-term
self-reported attitudes and patterns of behaviour associated
with the potential for impulsivity [11]. The expression
of impulsive behaviour can be measured by behavioural
laboratory and neurophysiological methods, which have
quantifiable outcomes and animal models [12].

Models of impulsivity include (i) reward-delay or delay-
discounting impulsivity (DDI, impulsive choice), an
exaggeration of the normal decrease of perceived value of a
future (higher) reward over an immediate (smaller) reward
[12,13] and (ii) rapid-response impulsivity (RRI, impulsive
action), with impaired response inhibition producing
responses before adequately processing a stimulus, and
inability to adapt behaviour to changing contexts [12]. RRI
can be measured as commission (impulsive) errors in continu-
ous performance, go/no-go or stop-signal tasks [7,12-15].
It is associated with disrupted brain responses as early as 50
msec after a stimulus; conscious awareness starts at about
200 msec [8]. RRI precedes conscious awareness of a stimulus
or ability to consider its results, while DDI is based on expected
results. We will focus on RRI because of its relationship to rapid
responses to stimuli and action control. Further, recurrent
psychiatric disorders like addictions, psychotic and affective
disorders are potentially progressive illnesses, and there is
evidence that RRI is related to illness progression [16].

Impulsivity encompasses brain functions including arou-
sal, attention and motivation, with multiple neural substrates
[1]. For example, there is a complementary relationship
between the anterior cingulate cortex (ACC), involved in
action regulation and monitoring, and the locus coeruleus
(LC), involved in arousal. Both are related to interactions
between immediate and long-term behavioural regulation.

The ACC is involved in monitoring, inhibiting and cor-
recting goal-directed behaviour [17]. Its volume or function
correlates with questionnaire-assessed potential impulsivity
in cocaine abuse [18], bipolar disorder [19] and controls [20].

The LC releases norepinephrine (NE) throughout the
brain and, through effects on arousal, could optimize behav-
iour via focused processing of relevant information, or
interfere with optimal behaviour via intensified processing
of information regardless of relevance [21,22]. It can block

behavioural regulation by the prefrontal cortex [23]. LC and n

ACC are mutually inhibitory [22].

NE increases RRI in rats [24] and humans [25,26].
In humans, pharmacologically increased NE increased impul-
sive errors, accelerated reaction time and increased arousal
[26]. Impulsive errors correlated with increased plasma
3-methoxy,4-hydroxyphenylglycol (MHPG), an NE metab-
olite (B =0.727+0.243, Fp135=4.62, p=002) [25].
Similarly, in bipolar disorder, mania scores correlate with
cerebrospinal fluid (CSF) MHPG [27] and with RRI [28].

Consistent with NE effects, impulsivity is related to exag-
gerated autonomic and neurophysiological arousal elicited
by salient stimuli [1-5]. Impulsivity was originally considered
a stable moderator of the rate of arousal change; more recent
evidence suggests that the relationship between impulsivity
and rate of arousal change is unstable and more complex [29].

(b) Long-term action regulation: behavioural
sensitization

Sensitization is exaggerated behavioural or physiological
responses to repeated or intense salient stimuli. These include
inescapable stressors, drugs of abuse, or, possibly, endogenous
stimuli potentially including neurotransmitter changes related
to illness episodes.

Behavioural sensitization has been demonstrated in species
ranging from humans [30,31] and rodents [32,33] to invertebrates
[34]. It may represent a class of survival-related behaviours [2]. It
is strongly related to arousal [3,35,36]. Most direct data on
mechanisms of sensitization—arousal disturbances comes from
invertebrates [35,36]. Cross-sensitization between amphetamine
and stress-related effects on arousal and dopaminergic func-
tion has been demonstrated in humans [37]. The detailed
mechanisms may differ across species but results appear similar.

Behavioural sensitization is sequential; table 1 shows
examples of sensitizing stimuli and their behavioural
expressions. Development involves repeated exposure to a sensi-
tizing stimulus, resulting in exaggerated responses to related
stimuli. Susceptibility to sensitization development varies
widely across individuals, with important potential effects on
the course of psychiatric disorders or consequences of exposure
to stressors oraddictive stimuli. Expression of sensitization is per-
sistently enhanced responsiveness to repeated stimuli, even after
prolonged absence of the stimulus. Expression requires NE and
dopamine (DA) release [47-49] and produces increased arousal
[3,35-37,47]. Cross-sensitization represents generalization across
classes of stimuli, potentially expressed as stress-induced
anhedonia [50], arousal [37,51] and impulsivity [52].

Development and expression involve similar networks,
requiring glutamatergic inputs from, respectively, ventral teg-
mental area and nucleus accumbens to subcortical and
prefrontal cortex structures involved in motivation and
action [53]. Low doses of the non-competitive N-methyl-p-
aspartate receptor (NMDAR) antagonist MK-801, which
resembles ketamine, prevents development, expression and
cross-sensitization [54].

(c) Interaction between immediate and long-term
action reqgulation

Sensitization and impulsivity are responses to highly salient
stimuli that involve increased arousal [1-3,35-37] and require
DA [32,55], glutamate [32,54] and NE [48,49,56,57], with
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Table 1. Sensitizing stimuli and expressions. HPA, hypothalamic— pituitary —adrenocortical axis activity.

stimulus type example

addictive stimulants [32,33]
alcohol [38]
nicotine [39]

stress-trauma inescapable stress [40]

episode-related recurrent episodes [41—44]
inflammation [45]

addictive x addictive [46]

stressor x addictive [37]

episode x addictive or stressor [16,43]

or endogenous
cross-sensitization

inhibition by y-aminobutyric acid [58] and serotonin [SHT]
[59]. Sensitization requires NE-5HT uncoupling [60] with
reduced 5HT in the ACC [61]. This increases LC activity
directly and through glutamate receptors [32], leading to a
potential cycle of increasing LC disinhibition. Sensitization
can therefore increase impulsivity and arousal. In addition to
NE-related mechanisms, sensitization involves DA-related
‘fluctuating disinhibition” with increased impulsivity [47,52].

Stress-induced arousal is an important potential conse-
quence of sensitized behaviour [2,3]. Fear-potentiated startle
(FPS) is a potential measure of stress-induced activation [62].
Clonidine, which inhibits NE release, reduced FPS, while FPS
was increased by compounds that increased NE release [63].
Among depressed inpatients, only those with suicide attempts
had increased FPS [64].

(d) Summary

Uncontrollable stress, addictive stimuli or psychiatric illness
episodes can increase impulsivity via sensitization and
resulting hyperarousal [1,16,43,47]. Conversely, pre-existing
impulsivity can facilitate sensitization, via increased stress-
related NE and DA release [1,29]. Rats [61] and humans
[30] with high pre-existing impulsivity are more readily sen-
sitized. Impulsivity can be readily measured [7,9,11-13].
There are, however, no established markers for sensitization,
though potentiated startle is promising [62—-64].

3. Course of illness and adaptations to
impulsivity in bipolar disorder

(a) Characterizing the course(s) of bipolar disorder
Bipolar disorder may predispose to impulsivity and behav-
ioural sensitization. Like other long-term psychiatric and
non-psychiatric illnesses [65], bipolar disorder may have a
sequential course with a prodrome (high genetic or environ-
mental risk without overt illness), progressing through early
symptoms, syndromal episodes and progressively increasing
risk of recurrence, severity and related complications like
addictions and severe behavioural disturbances [65-67].
This progression may have at least two basic patterns [66]:
Episodic-stable (or classic) [66]: episodes, while potentially
severe, are infrequent and time-limited, without prominent
comorbidities; either depressive or manic without combining

sensitized response

increased locomotor response, self-administration, autonomic
and rewarding effects

increased HPA, autonomic and behaviour responses to stressors;
stress-induced arousal and anhedonia

increased frequency/severity

increased sensitivity to the same stimulus type

increased sensitivity to both stimulus classes

stress-induced arousal, anhedonia and/or drug sensitivity

or rapidly alternating between the two; and with strong
short- [68] and long-term [67] response to lithium. Long-
term impairment is more strongly related to episode
frequency than affective symptom severity [69].

Complicated or unstable-progressive: earlier onset, frequent
episodes with partial or transient recovery, and common
sensitization-related problems including substance-use and
trauma history [70-72].

These descriptions represent patterns along a continuum
rather than distinct entities, but their characteristics appear per-
sistent and familial [68]. Trauma or addiction can potentially
convert a ‘classic’ to a ‘complicated” course [43]. Complicated
course is associated with impulsive behaviour, including
suicidality [6], and sensitizing events, including frequent
episodes [41-44], substance-use [29,43] and traumas [43,44].

Mixed affective states combining manic and depressive
features, a hallmark of complicated illness course [73-75],
are associated with early illness onset, high trait impulsivity
and RRI, and sensitization-related characteristics including
SUD, early stressors and severe recurrence [73-75]. RRI [73]
and CSF MHPG [76] are higher in episodes with mixed
characteristics than in more exclusively manic or depressive
episodes.

‘Staging’ bipolar disorder describes its progression from a
prodromal state, through the development of recurrent epi-
sodes, to a potentially more complex illness [65]. This may
differ in “classic’ versus ‘complicated” courses [66]. Early stres-
sors, addictions, recurrence and activated depression are
consistent with sensitization [70-72].

Episode-sensitization may be a component of illness
progression in complicated bipolar disorder [71]. It entails
apparent increased sensitivity to stressors and/or addictions,
with accelerating episode frequency and treatment resistance
[41-44]. This could result from relationships between epi-
sodes and substance abuse or stressors [43], or results of
episodes themselves like increased NE, glutamate and/or
DA [27]. Rather than progressive increases in episode
frequency, highly recurrent disorders could have a ‘pre-
sensitized” course with increased episode frequency from
the outset or developing early in the course of illness. Re-
analysis of data originally suggesting continuous progression
in episode frequency showed that, correcting for observa-
tional biases, episode frequency increased early in the
course of illness and then remained constant, rather than
continuously progressing [42]. Recurrence is predicted
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Table 2. Transition to sensitized illness. ERN, error-related negativity.

characteristic

example

BIS-11
ACC volume and activity

‘trait” impulsivity [77]
structures/circuits [17,18]

ACC-LC functional connectivity

response inhibition (RRI) [16] reaction time

omission errors
commission errors
behaviour monitoring [80,81] ERN

symptoms [73] mixed state index

more strongly by the interaction between early trauma
and number of previous episodes than number of episodes
alone [72].

(b) Potential and expressed impulsivity

(i) Protection against potential impulsivity

The BIS-11 score represents potential for impulsive behaviour
[1]. BIS-11 scores were increased in bipolar disorder (BD)
versus healthy controls (Cohen’s effect size (ES) = 1.45), even
after correction for symptoms (intercept after regression on
depression, mania, anxiety and psychosis) and medications
[77]. This is also true for those at familial risk for major depress-
ive [78] or psychotic [79] disorders. Regardless of symptoms,
treatment or clinical state, BIS-11 impulsivity scores were
increased further with early onset, many episodes, SUD,
histories of suicidal behaviour (ES=0.7-0.8) [77] or early
trauma [72]. Table 2 summarizes initial adaptation to increased
potential impulsivity followed by loss of adaptation with
sensitization.

Despite increased potential impulsivity, RRI is only
increased in bipolar disorder during mania or with history of
potentially sensitizing stimuli [16]. Compared to controls,
subjects with uncomplicated bipolar disorder had conservative
RRI test performance with more omission errors and slower
reaction time, but similar impulsive error rates [16]. This
conservative response bias could protect against impulsive be-
haviour in uncomplicated bipolar disorder. Protection against
RRI with increased omission errors and delayed reaction times
resembles effects of imbalance between pre- and postsynaptic
serotonergic 5HT1a receptor activation [82].

By contrast, either manic subjects with uncomplicated
course, or interepisode subjects with history of SUD or many
previous episodes, had faster RRI reaction times and increased
impulsive errors [16,29]. This suggests loss of apparent adap-
tation to potential impulsivity (BIS-11), increasing expressed
impulsivity (RRI impulsive errors [16]).

(i) Impulsivity and behaviour requlation

Impulsivity is associated with poor adaptation of behaviour
to consequences, implicating the ACC. ACC activity can
be measured as error-related negativity (ERN), arising
50-250 ms after a commission error [83]. ERN reflects action-
monitoring and behavioural adaptation, reflected by reduction
of post-error errors [84]. ERN or ACC activity correlates with

pre-sensitized sensitized

higher than normal greater increase

normal or increased; negatively reduced
correlated with impulsivity
normal/reduced increased
slowed faster
increased decreased to normal
normal increased
normal or greater decreased
low high

stress-sensitized impulsivity in post-traumatic stress disorder
(PTSD) [85] and with trait impulsivity across diagnoses [86].
Decreased ERN predicts relapse in cocaine use [87].

ERN amplitude correlates negatively with trait impulsivity
[80] and impulsive RRI errors (Kendall’s T > 0.45, p < 0.015).
BIS-11 trait impulsivity correlated with post-error errors (1 =
043, p=0.025). Controls, pressured to respond in 300 ms,
responded 85 ms faster than without time pressure (Fy 5=
72.49, p < 0.001), with fewer correct responses, more impulsive
errors and smaller ERN (F;15 > 5.30, p <0.036). Reduced
ERN, therefore, can represent stress-related impulsivity
[80,81]. Illness severity [88] or stress [18,85] appear related to
reduced ACC function or ERN. LC activity correlates with
NE metabolites and with increased RRI [26,27], consistent
with the increased RRI in complicated versus uncomplicated
bipolar disorder [16,73]. Initial compensatory or protective
ACC activation in uncomplicated illness may be followed,
with recurrence, SUD, or severe stressors, by increased RRI,
consistent with ACC inhibition.

(iii) Expression of sensitization in combined bipolar and

substance-use disorders
Combined BD and SUD is associated with increased BIS-11
and RRI [16]. Sensitization to recurrent episodes could pre-
dispose, via cross-sensitization, to SUD. Subjects (methods
in [16]) with bipolar disorder and history of many episodes
and SUD had BD onset (15.7 + 9.3 years) significantly earlier
than SUD (20.6 + 6.3 years) (within-subjects F; 1; = 12.9, p =
0.005). Therefore, SUD could result from cross-sensitization
between drug exposure and many episodes, because onset
of highly recurrent BD appeared about 5 years earlier than
SUD onset. This was consistent with reports that increased
episode frequency can emerge early in bipolar disorder
[41,42]. Without frequent recurrence, BD onset did not pre-
cede SUD. These results are preliminary because they are
retrospective and involve a small number of subjects.

Progression of bipolar disorder, with severe recurrence
and/or SUD [45,63], is consistent with a breakdown of recipro-
cal inhibition balancing LC and ACC activity, with excessive
LC-mediated inhibition of ACC. We conducted a pilot study
of resting-state functional connectivity between LC and ACC
in BD inpatients with past severe versus mild or absent SUD
(current negative drug screens; McNair Initiative for Neuro-
science Discovery—Menninger/Baylor College of Medicine,
MIND-MB (methods in [89])), compared to non-bipolar
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Figure 1. Left ACC—LC resting-state functional connectivity. Subject charac-
terization, procedures and data analysis were as described [89]. ASSIST is an
overall measure of substance-use severity, independent of specific sub-
stance(s) used [90]. The graph shows resting-state connectivity; error bars
are standard error of the mean. *p << 0.05.

1) stress-related hyperarousal

‘unpredictable’ and nonlinear ﬂ M
AN potentially

ﬁ ﬁ lethal risk

2) short-term: sensitization
impulsivity/response inhibition
anhedonia and hopelessness
susceptibility to stress-induced
hyperarousal

disinhibition of LC relative to ACC
facilitated by glutamate release in LC

il |

3) remote, including sensitizing stimuli

stressful, addictive/rewarding
recurrent disorder: many episodes? susceptible subtype?
loss of ACC/5HT-mediated adaptation to trait impulsivity?

Figure 2. Interactions among mechanisms in illness progression and high-risk
behaviour: (1) immediate, including stress-related arousal; (2) short-term, includ-
ing expression of sensitized behaviour; and (3) long-term, including exposure to
potentially sensitizing stimuli. Bipolar disorder is enriched in each risk category.
Each risk category can interact with the other categories and can contribute to risk
in its own right. MSSA, medically severe suicide attempt.

controls. Non-bipolar subjects” diagnoses included major
depressive, anxiety, personality and SUD; BD included bipo-
lar-I, -II or -note otherwise specified (NOS). We used the
World Health Organization ASSIST scale to quantify drug
use [90], comparing subjects with low (0-30) versus high
(greater than 80) ASSIST scores. Analyses used Fisher’s
z-transformed correlation coefficients between seeds for each
subject. Based on the apparent reciprocal relationship between
ACC and LC, with severe SUD as a reflection of sensitization,
we hypothesized stronger ACC—-LC connectivity in bipolar
disorder with high, compared with low, ASSIST.

Figure 1 shows that a priori ANOVA comparing connectivity
between left ACC and LC for low versus high ASSIST BD sub-
jects (sex and age as covariates) was significant (Fs51 = 4.664,
p <0.036). Multiple analysis of covariance with left and
right ACC-LC connectivity as dependent variables; ASSIST
(low versus high) and diagnosis (bipolar versus non-bipolar)
as independent variables, with sex and age as covariates,
revealed a trend toward a significant interaction between

ASSIST and diagnosis for left ACC-LC (Fj045=23.16, p= “

0.078) connectivity. These preliminary results are consistent
with SUD-related behavioural sensitization associated with
LC-mediated inhibition of the ACC.

(c) Summary

Progression of recurrent affective disorders may involve tran-
sition from a compensated state, with slowed, conservative
responding protecting against expression of impulsivity, to
loss of compensation with faster responses and increased
impulsivity. This transition may be associated with multi-
ple illness episodes and/or potential sensitizing stimuli,
including drug use or early trauma. Sensitization expression
includes impulsivity and stress-induced arousal. Mixed pre-
sentations in bipolar disorder appear related to sensitized
course with history of stressors, addictions, early onset and
severe recurrence, characterized by activated depression,
elevated RRI and increased suicidality [75]. Consistent with
potential ACC-LC interactions in sensitization, severe SUD
is associated with increased resting ACC-LC connectivity in
bipolar disorder (figure 1). Bipolar disorder predisposes
strongly to activation with negative arousal, and impulsivity
with sensitization, but these general behavioural mechanisms
extend beyond bipolar disorder.

4. Interaction between impulsivity and
sensitization in timing of suicide risk
in bipolar disorder

(a) Suicidal behaviour

Depression and impulsivity, combined with susceptibility to
behavioural sensitization, can generate severe behavioural
risk, including suicidality. Despite advances in characterizing
long-term risk and relevant behavioural processes, suicide
itself remains difficult to predict. The interaction of complex
behavioural systems in impulsivity and expression of sensit-
ization can result in unpredictable behaviour including
suicidality [91] and substance-use relapse [47].

Suicide is the leading cause of injury mortality in the USA,
exceeding motor vehicle accidents and homicide [92]. Medically
severe suicide attempts (MSSA) predict high risk for sub-
sequent suicide and other premature mortality, including
homicide and accidents [93]. Post-hospital survival time
correlated negatively with impulsivity [10]. In MSSA, 60% of
subsequent premature mortality was not suicide, suggesting a
more general high-risk process [94]. Impulsivity-linked predis-
position to potentially lethal behaviour, with unpredictably
variable action dysregulation, extends across diagnoses [95].
Most suicides occur on the first attempt [96]. While MSSA is
considered a strong predictor of risk, we must develop predic-
tors that do not automatically exclude half of the suicides.
A measure of susceptibility to unpredictably variable action
dysregulation may provide such a predictor.

(b) Impulsivity and suicide risk

Impulsivity is woven into suicidal behaviour. Impulsive versus
planned attempts is a false dichotomy: trait impulsivity was
higher in individuals with both a plan and an attempt than
with either an attempt or plan alone [97]. Impulsive individ-
uals are more likely to act on a plan, and state-dependent
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increases in impulsivity during ongoing depressive episodes
potentially increase suicide risk [6]. We studied impulsivity,
alcohol use and clinical features in people with self-inflicted
gunshot wounds requiring helicopter rescue [98], a CDC/
NIAAA-funded case-control study of MSSA at Level I
trauma centres [99], and impulsivity in bipolar disorder, per-
sonality disorders and controls [6]. MSSA, even planned,
were associated with increased RRI [6]; momentary expression
of impulsivity could increase the likelihood of initiating a
‘planned’ attempt [6,97,99]. Impulsive attempters had less
expectation to die but used more violent methods [99]; they
had elevated Beck Hopelessness, but normal depression
scores [99]. Impulsivity, with low perseverance, resilience
and future sense [12,100], is, operationally, hopelessness. By
increasing activation and hopelessness, increased impulsivity,
whether intentional (alcohol [98,101]) or unintentional (stress
or overstimulation), may be potentiated by sensitization and
facilitate suicidal action.

(<) Mechanisms in timing of suicidal behaviour
Predicting fluctuations in behaviour involving immediate
or short-term action regulation, such as suicidality, is diffi-
cult. Short-term variability of suicidal ideation, in subjects
with suicide attempts over the previous year or current hos-
pitalization for suicide risk, showed high and unpredictable
within-day variation. Risk factors including hopelessness,
burdensomeness and loneliness correlated with suicidal idea-
tion (SI), but did not predict short-term change in SI [95].
Further, attempts typically occur within ten minutes after
the onset of SI specifically related to that attempt [102].

Once sensitization has developed, the sensitized character-
istic (for example, RRI), appears to be, effectively, a dormant
trait, readily and unpredictably activated by environmental
or endogenous analogues of sensitizing stimuli. Therefore,
an individual with generally unremarkable behaviour can
respond to apparently small situational changes with
impulsivity and anhedonia. The unpredictability of suicidal
behaviour [91,95] may resemble that of fluctuating expres-
sion of sensitized behaviour in substance-use [47,103].
Arousal, elicited by sensitization and unpredictably magni-
fied by impulsivity [1,3,29,36], is central to immediate
suicide risk. Individuals and contexts with high risk for
eventual suicide can be identified, but the behaviour itself is
difficult to predict.

Suicide (and similar impulsivity-related behaviours) results
from interactions of factors with varying time structures:

(i) Lifetime, environmental

characteristics.

including genetic or

(ii) Long-term, including behavioural sensitization with
early trauma, addiction or chronic recurrent illness.

(iii) Intermediate to short-term, including illness episodes
or stressors.

(iv) Immediate, including immediate stressors or remin-
ders of the trauma, overstimulation, addiction-related
stimuli and similar circumstances.

Figure 2 summarizes potential temporal interactions
proposed in this paper. Each risk category interacts with the
others, generally in a nonlinear manner [91]; immediate risk,
the most difficult to predict, is the strongest determinant of
exactly when a suicidal act may occur. Real-time monitoring

of behaviour, symptoms or arousal may be valuable for n

measuring the timing of risky internal states [29,47].

(d) Treatment considerations

Illness progression and behavioural complications of bipolar
disorder resemble those of other progressive/recurrent psy-
chiatric disorders including major depressive disorder,
schizophrenia, substance-related disorders and PTSD, all
characterized by increased trait impulsivity and course charac-
teristics analogous to those of bipolar disorder, consistent with
characteristics of suicidality and lethal behaviour that cross
diagnoses [6,93-96]. The complex interaction between
long-term and immediate factors calls for multi-tiered
management:

(i) Identify risk for recurrent/progressive illness (family
and developmental history,
developed).

(ii) Identify risk for a progressive, possibly sensitizing ill-
ness course. We know of no currently available
biomarkers for susceptibility to sensitization, which
varies greatly across individuals.

(iii) Prevention by reducing exposure of high-risk individ-
uals to potentially sensitizing stimuli early in life [58],
especially with diagnosis or family history of recurrent
psychiatric illness; this may involve treatment of
the mother and/or the patient with therapies aimed
at reframing stressors as escapable and vigorous
prevention or treatment of addictive disorders.

(iv) Rapid, crisis-related pharmacological blockade of sen-
sitization expression, for example, by NMDA receptor
blockade, shown to prevent expression of sensitization
[49], reduce impulsivity [86] and to reduce depression
and suicidality [104].

(v) Real-time monitoring of behaviour to identify, and
intervene in, high-risk patients [64], or, more practical,
to identify individuals susceptible to unpredictably
variable behaviour dyscontrol [16,93] for preventive
treatment.

(vi) Based on (v), long-term treatment to reduce risk over
time. For example, lithium has been shown to reduce
suicide mortality across diagnoses [105].

biomarkers once

These strategies, combining longer-term effects of
psychotherapies, family-based treatments and long-term
treatments, with faster-acting but shorter-term treatments
including NMDAR antagonists and their congeners, are
needed in people at high risk.

(e) Summary

Suicide and related potentially lethal behaviour are related to
impulsivity, which can have a decisive role even with an
existing plan. Suicidality combines impulsivity and negative
affect, both potential expressions of sensitization. The
complex interactions by which underlying impulsivity is
expressed, combining long- and short-term conditions, can
lead to chaotic behaviour requiring nonlinear analysis and
fine-grained monitoring. Treatment will require identification
of risk, prevention/treatment of long-term risk factors and
acute treatment of severe exacerbations.
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Behavioural sensitization and impulsivity appear to arise from
responses to highly salient stimuli, are linked by hyperarousal,
and can lead to progression of psychiatric disorders. Illness
progression could result from behavioural sensitization by
addiction/substance abuse, stressors, recurrent episodes or
other sensitizing agents. Expression of sensitization can trigger
increased impulsivity, mixed states combining impulsivity and
negative affect, and high-lethality behaviour including suicid-
ality. Premorbid impulsivity may predispose to behavioural
sensitization, resulting in further increased impulsivity. Sensit-
ization requires uncoupling of the regulatory effects of ACC
and serotonergic function over glutamate-related activating
effects of LC NE, contributing to increased RRI. This could
result from sensitization-associated deterioration of mechan-
isms otherwise protective against the expression of potential
impulsivity. Fluctuations in the expression of sensitization

can be rapid, producing unpredictable high-lethality

behaviour, including suicide attempts. Effective prevention

and treatment require short- and long-term measures, consist-
ent with underlying behavioural mechanisms. Because of the
unpredictable timing of sensitized behaviour, identification
of susceptibility and preventive treatment are paramount.
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