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Immune activation and failure of physiologic compensatory mechanisms over time have been implicated in the
pathophysiology of illness progression in bipolar disorder. Recent evidence suggests that such changes are im-
portant contributors to neuroprogression andmaymediate the cross-sensitization of episode recurrence, trauma
exposure and substance use. The present review aims to discuss the potential factors related to bipolar disorder
refractoriness and neuroprogression. In addition, we will discuss the possible impacts of early therapeutic inter-
ventions as well as the alternative approaches in late stages of the disorder.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Lifetime prevalence of bipolar disorder (BD) is 2.1%worldwide, with
subthreshold forms affecting another 2.4% (Merikangas et al., 2007). Ac-
cording to the World Health Organization (WHO), BD is among the 10
leading causes of disability-adjusted life years (DALY) in young adults
(Mathers et al., 2006). It is estimated that, even with treatment, about
37% of patients will relapse into an affective episode within 1 year,
and 60% within 2 years (Gitlin et al., 1995). The rates of completed sui-
cide among patients with BD are 7.8% in men and 4.9% in women
(Nordentoft et al., 2011). In addition, the life expectancy has been re-
ported to be decreased by 9 years for patients with BD (Crump et al.,
2013). It is also known that the diagnosis of BD has an average delay
of ten years between the first symptoms and the formal diagnosis
(Lish et al., 1994), and that only 20% of the patients who are experienc-
ing a depressive episode are correctly diagnosed with BD (Goldberg
et al., 2001).

It has been proposed that early detection and prompt intervention
have the potential to decelerate illness progression and the burden as-
sociated with BD (Malhi et al., 2013, 2014). Latencies between the first
presentation of the disease and the initiation of adequate treatment
have been associated with greater morbidity (Post, 2010). Treatment
refractoriness – conceptualized as either failure of an acute episode to
respond to treatment, persistence of abnormal mood states during
treatment, or emergence of mania, mixed states or cycling in the course
of optimal treatment (Gitlin, 2001; Poon et al., 2012) – has recently
been considered one end-stage phase in illness progression (Berk
et al., 2007, 2014).Multiple episodes have been implicated in refractori-
ness, observed by less responsiveness to lithium (Kessing etal., 2011),
cognitive behavioral therapy (Scott et al., 2006), and psychoeducation
(Torrent et al., 2013). The delay in recognizing BD and the recurrence
of episodes lead to neurobiological disruptions that predispose to subse-
quent episodes and treatment resistance (Post, 1992).

The progression of BD develops from asymptomatic at-risk individ-
uals, to prodrome, episodicity, and finally chronic illness. Although
there are considerable inter-individual differences, with most subjects
with BD never progressing to the most debilitating forms of chronic ill-
ness, BD should nevertheless be conceptualized as a neuroprogressive
disorder (Berk et al., 2011a, b, c). Neuroprogression, defined by the con-
stellation of changes in the nature of the bipolar illness with temporal
progression, has been demonstrated by neurobiological and anatomical
brain alterations, treatment resistance, reduction in inter-episode inter-
val and chronicity, and functional and cognitive impairment (Post et al.,
2012). The dysregulation among physiologic pathways and the failure
of endogenous compensatorymechanisms have been considered the bi-
ological underpinnings of the cross-sensitization among recurrence of
mood episodes, trauma exposure and comorbidity with substance use
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disorder that lead to neuroprogression of BD (Moreno-Romero and
Grimalt, 2014; Rizzo et al., 2014; Schneider et al., 2012) (see Fig. 1).

According to the kindling theory (Post, 2010), psychosocial stressors
are crucial to first episodes triggering, but, with further relapses, mini-
mal stressors are necessary to ignite new episodes, since recurrence
leads to sensitization (Post, 2010). Furthermore, not only were changes
observed in the frequency of the episodes, but also in their severity and
recovery time (Leverich and Post, 2006; Post, 1992, 2007). Moreover,
cross-sensitization to other factors has also been observedwith chronic-
ity, especially with traumatic events and substancemisuse (Post, 2010).
Therefore, the present study aims to review the potential factors related
to neuroprogression and treatment refractoriness observed in BD. In ad-
dition, we will discuss the impacts of early therapeutic interventions,
and alternative approaches in refractory (late) stages of the disorder.

2. Sensitization and cross-sensitization

The sensitization and cross-sensitization processes have been well
demonstrated in animals and in humans. It has been observed that
not only can each kind of sensitization (to stressors, episodes, and sub-
stances of abuse) manifest increasingly pathological endpoints upon

their own repetition, but each can potentially convey increased reactiv-
ity to the others (Post, 2010; Post and Kalivas, 2013)(see Fig. 2). Recent
evidence shows that sensitization and cross-sensitization may lead the
illness toward greater behavioral abnormalities, stress responsiveness,
and vulnerability to recurrence (Post, 2010; Post and Kalivas, 2013).
Consequently, patients will present with cycle acceleration, increased
severity and duration of episodes, treatment refractoriness, disability,
cognitive impairment, and decrease in life-expectancy (Post, 2010). All
of these factors are associated with higher morbidity and mortality
throughout the course of BD. (See Fig. 3.)

A naturalistic study from the Danish Case Registry of more than
20,000 individuals is among the strongest evidences for increased vul-
nerability to relapse as a function of the number of prior episodes
(Kessing et al., 2004). According to this dataset, illness progressionman-
ifests as faster recurrences. Also, the incidence and latency to a depres-
sive relapse (for either unipolar or bipolar depressive hospitalization)
were related to the number of prior hospitalizations for depression, in-
dicating episode sensitization (Kessing and Andersen, 2005; Kessing
et al., 1998a,b,c). The same research group has also observed that not
only does the number of episodes increase over the course of illness,
but also the severity of episodes (Kessing and Andersen, 2005; Kessing
et al., 1998a,b,c). In addition to worse clinical outcomes, multiple previ-
ous episodes were also implicated in treatment refractoriness, since
younger patientswith fewer episodes tended to present better response
to traditional mood stabilizers and psychoeducation, while patients
who suffer from multiple episodes generally responded poorly to lithi-
um and cognitive behavioral therapy (CBT) (Scott et al., 2006; Swann
et al., 1999).

In animal studies, it has been suggested that early stressful life
events can lead to increased responsivity to stressors in adulthood
(stress sensitization). It has also been observed that first episodes gen-
erally need psychosocial stressors to be triggered. However, withmulti-
ple recurrences, episodes can be precipitated autonomously (Kendler
et al., 2001; Kessing and Andersen, 2005; Post, 1992, 2007). Post has
demonstrated that, in animal models, the amygdala, when stimulated
once a day for one second, generates behavioral responses that lead to
full-blown seizures (Post, 1992, 2010; Post and Kalivas, 2013). The
amygdala-related kindling, according to his observations, presents
three different stages: the initial stage, mid- or completed stage of
full-blown seizures, and the late or spontaneous stage (Post, 2010;
Post and Kalivas, 2013). The increased response to the same stimulation
represents the alterations in neurobiology responsible for stress sensiti-
zation (Post, 2010; Post and Kalivas, 2013). There is consistent evidence
of similar phenomena in humans (Caspi et al., 2003). In the classic study
of Caspi et al, only individuals who had experienced multiple early
childhood traumatic events were more vulnerable to the occurrence of
affective episodes following stressors in adulthood (Caspi et al., 2003).

Fig. 1.Differences between early and late stages of bipolar disorder according to illness progression. In the first episode, compensatorymechanisms tend to repair the damage.With chro-
nicity, the damage overweight the repair (allostatic overload) leading to more permanent damage, neuroprogression and refractoriness. BDNF, brain-derived neurotrophic factor; O&NS,
oxidative and nitrosative stress.

Fig. 2. Sensitization, cross-sensitization and illness progression.Number ofmood episodes,
substance use, and trauma exposuremay show sensitization to themselves and cross-sen-
sitization to the others leading to illness progression and treatment refractoriness.
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