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Summary

In bipolar disorder illness progression has been associated with a higher number of mood
episodes and hospitalizations, poorer response to treatment, and more severe cognitive and
functional impairment. This supports the notion of the use of staging models in this illness.
The value of staging models has long been recognized in many medical and malignant condi-
tions. Staging models rely on the fact that different interventions may suit different stages of the
disorder, and that better outcomes can be obtained if interventions are implemented earlier
in the course of illness. Thus, treatment planning would benefit from the assessment of cogni-
tion, functioning and comorbidities. Staging may offer a means to refine treatment options,
and most importantly, to establish a more precise diagnosis. Moreover, staging could have
utility as course specifier and may guide treatment planning and better information to patients
and their family members of what could be expected in terms of prognosis. The present study
reviews the clinical and biological basis of the concept of illness progression in bipolar disorder.
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Introduction

Bipolar disorder is a severe, recurrent mental and a major public health problem
[1]. According to data published by the World Health Organization (WHO), bipolar
disorder ranks sixth among conditions causing the greatest disability, defined as lost
working years due to disability in young adults [2]. Moreover, patients with bipolar
disorder may show difficulties in order functioning areas such as interpersonal rela-
tionships [3], finance, cognition, and autonomy [4-6].

The progression of bipolar disorder is frequently associated with a higher number
of episodes [7-9], subclinical symptoms in the interepisodic period [10, 11], higher
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rates of comorbidities [12], increased risk for suicide [13], higher number of hospi-
tal admissions [14] and poorer response to treatment [9]. Also, several studies have
shown a strong association between number of mood episodes and unfavorable clinical
outcomes, especially cognitive and functional impairment [15, 16]. From a different
standpoint, however, the course of bipolar disorder is considerably heterogeneous:
while some patients recover well even after several episodes, others show increased
illness severity from the onset of symptoms [17, 18]. These contrasting findings may
be due, at least in part, to different patterns of vulnerability and resilience found in this
population [19-21].

Recent studies investigating the pathophysiology of bipolar disorder have sug-
gested that in certain cases the disorder may follow a progressive pattern from initial
towards more advanced stages, characterized by increased severity and functional
impairment. This finding has motivated authors to suggest staging models for bipolar
disorder [17, 18, 22, 23]. The staging models proposed for bipolar disorder is based on
its progression from early, prodromal phases to more advanced, treatment-refractory
stages. According to this model, better treatment responses and a better prognosis
could be achieved if interventions are implemented earlier in the course of illness
[22]. As observed in other medical fields, the rationale of staging in bipolar disorder
relies on the fact that different illness stages require different treatment approaches,
according to the physiological, structural, and symptomatic changes corresponding
to each stage [24].

The objective of the present review is to describe the most important staging
models currently available for bipolar disorder, as well as the biological basis involved
in disease progression.

Clinical staging models

The value of staging models has long been recognized in many medical and
malignant conditions [25-28]. Nevertheless, in bipolar disorder, only very recently
has the use of a staging model been proposed as an illness course specifier [25, 29].

In 1992, Post proposed a neurosensitization model which indicates that permanent
alterations in neuronal activity are occasioned by multiple episodes, implying a poorer
response to medication and greater relapse liability [30].

Fava and Kellner propose a staging model in psychiatry [23]. McGorry et al. de-
veloped a staging model for psychotic and severe mood disorders. After that, different
models have been suggested for bipolar disorder, always relying on the premise that
the illness progresses from latent, asymptomatic stages to more advanced, chronic
stages, in which symptoms do not completely remit [17, 18].

According to the model proposed by Berk et al. [31], bipolar disorder initiates
with an asymptomatic phase [stage 0], which is directly associated with specific risk
factors, e.g., family history of bipolar disorder and substance abuse. Stage 1 is divided
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into la and 1b, characterized by the presence of mild, nonspecific mood symptoms,
with the possibility of evolving to prodromal patterns. Stage 2 is where the first episode
takes place, in either the manic or depressive phase — the latter being more common.
Stage 3, divided into three phases, is characterized by the first relapse or the persistence
of subclinical symptoms [phase 3a], by an illness course with borderline symptoms
[3b], and by a remission and recurrence pattern [3c]. Finally, stage 4 refers to patients
who do not achieve full remission of symptoms or are refractory to treatment.

Some years later, Kapczinski et al. [ 18] proposed a new staging model that shifted
the emphasis to functioning in the inter-episode as a means to assess staging. In this
model, patients are classified into five stages, starting with a latent phase, in which
individuals may experience mood and anxiety symptoms without overt presence of bi-
polar disorder. In stage I, patients already present a period of mania/hypomania and
but present adequate functioning and absence of cognitive deficits in the inter-episode.
In stage 11, subclinical symptoms, comorbidities, and mild cognitive dysfunction are
present in the inter-episode. In Stage III patients present with marked cognitive and
functional impairment. Finally, stage IV includes individuals with severe cognitive
and functional impairment, leading to loss of autonomy.

As also observed in other medical specialties, the relevance of staging models
in psychiatry relies on the fact that therapeutic interventions adopted at early stages
tend to be more effective and more likely to prevent illness progression than therapies
implemented at more advanced stages [32]. From an early intervention that targets
the first episode of disease, maybe it becomes possible to prevent the neuroanatomical,
neuropsychological, clinical and functional consequences of the illness [33]. Reinares
et al. have shown that the benefits of family psychoeducation for patients at early stages
of bipolar disorder, with fewer relapses and longer periods euthymia when compared
with patients who received the intervention at more advanced stages [34].

Staging and biomarkers: neurotrophins, inflammation, oxidative stress

Although Sterling and Eyer used the term allostasis in first place, it was McEwen
and Wingfield who developed this idea in 2003. The term allostatic load has been
used to describe the process of wear and tear in wich body and brain are submitted as
a result of overactivity or inactivity of physiological systems in an attempt to adapt
to stress [21, 35].

Several studies have shown important changes in biological markers, especially
neurotrophins and markers of inflammation and oxidative stress, in patients with bipo-
lar disorder. Brain-derived neurotrophic factor [BDNF] is an important neurotrophin
involved in regulating neuron survival, functioning, and structure [36]. Clinical stud-
ies involving bipolar patients have shown a reduction in BDNF levels in the serum
of manic and depressed patients, returning to normal patterns during euthymia [36-
39]. Also, in patients at more advanced stages of bipolar disorder, BDNF levels are
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reduced, differently from what is observed at early illness stages, further supporting
the progression theory [40]. Similarly to BDNF, other neurotrophins, e.g., NT3, NT4
[42], glial cell line-derived neurotrophic factor [GDNF] and nerve growth factor [NGF]
[REF] have been shown to be altered and possibly involved in the pathophysiology
of bipolar disorder [41-43].

With regard to inflammatory markers, a recent meta-analysis of 30 studies on
bipolar disorder has found a significant increase in the concentration of interleukins
IL-4, IL-6, IL-10, soluble IL-2 receptor [sIL-2R], sIL-6R, tumor necrosis factor alpha
[TNF-alpha], soluble TNF-alpha receptor, and IL-1 receptor antagonist in bipolar pa-
tients when compared with healthy controls [44] — some of these markers [TNF-alpha,
IL-6] tended to normalize during euthymia. A previous study of our group has shown
increased plasma levels of TNF-alpha and IL-6 in the serum of patients at both early
and advanced stages of the illness, as well as a reduction in IL-10 levels in those at
more advanced stages [40]. Moreover, changes have been reported in oxidative stress
markers, especially nitrotyrosine levels, in early stages of bipolar disorder, as well as
in the levels of antioxidant enzyme systems [glutathione] in advanced stages [45]. These
findings are in line with another study, also involving patients with bipolar disorder,
which found increased DNA damage in association with severity of depressive and
manic symptoms [46].

Overall, the changes in biomarkers described above seem to be part of the pro-
gression mechanisms underlying bipolar disorder, as many of them are found to be
more pronounced at more advanced illness stages. Future studies should investigate
the neuroprotective role of early therapeutic interventions targeting biological markers
associated with bipolar disorder [47].

Staging and neuroimaging

Morphometric studies have shown important neuroanatomical changes in patients
with bipolar disorder, including enlargement of lateral ventricles and of the third ven-
tricle [49], loss of hippocampal, fusiform, and cerebellar gray matter [48], volume
decline in prefrontal cortex areas [48, 50], and white matter hyperintensity [51, 52].
Also, enlargement of the amygdala has been identified in association with illness pro-
gression [50, 53, 54], contrasting with the smaller size of the structure at early stages.
Volume deficits such as decreased white matter density, can also be found in bipolar
patients [55]. Finally, loss of white matter in the prefrontal cortex can be observed
as early as in the first manic episode, becoming more evident after multiple episodes
[56-58]. Areduced anterior cingulate cortex volume [59], as well as reduced cingulate
gray matter density [60], have also been reported. Basal ganglia have been reported
to undergo shape [61] and volume alterations [53, 62], particularly in the striatum,
at both early and late stages of bipolar disorder [61]. Recently, in a case series, we
have shown a significant enlargement of ventricles in a patient at an advanced illness
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stage compared with another patient at an early stage, underscoring the importance
of achieving a better understanding of the biological basis of progression in bipolar
disorder [63]. Neuroanatomical changes, especially those involving limbic structures
[hippocampus, amygdala, and prefrontal cortex] are very likely to be directly related
with the poor cognitive functioning observed in patients with bipolar disorder [48].

Staging, cognition, and functioning

Evidence has shown that many patients with bipolar disorder present cognitive
deficits. These deficits are primarily observed during acute episodes, but some of them
persist, in a milder form, during clinical remission [5, 53]. The cognitive arecas most
commonly affected are executive functions and verbal memory; other domains, e.g.,
inhibitory control, sustained attention, psychomotor speed, and abstraction, may also
be affected [15, 64, 65]. Olvet et al. assessing cognitive functioning in individuals
at high risk for developing psychosis, showed similar intelligence quotient values
in patients who developed bipolar disorder/schizophrenia and in those who did not
develop such disorders [66]. Notwithstanding, several studies have shown a strong
correlation between cognitive deficits and mood episodes [5]. One study conducted
by Lopez-Jaramillo et al. observed worse cognitive performance in euthymic patients
who had had at least three manic episodes vs. patients with one single episode [67].
In addition to mood episodes, the presence of subclinical depressive symptoms also
seems to negatively affect cognition [68, 69] and psychosocial functioning [70, 71].
In this context, a study carried out by Bonnin et al. has shown that patients with
subthreshold depressive symptoms [scores 4-7 on the Hamilton Rating Scale for
Depression [HDRS]] had a higher degree of cognitive impairment, as assessed by
the California Verbal Learning Test, than those with no symptoms [HDRS < 3] [72].
Additional factors, such as number of hospital admissions, length of illness [15], and
psychiatric comorbidities [73], also seem to play a role in the poorer cognitive func-
tioning observed in this population [74].

Cognitive deficits, in turn, are related with a worse clinical course and poorer
psychosocial functioning [72, 15, 75]. In particular, verbal memory and learning
deficiencies have been identified as strong predictors of functioning in patients with
bipolar disorder in a 4-year follow-up study [68]. In this context, some investiga-
tors have shown that patients with poorer executive functioning tend to face more
difficulties performing daily activities [76, 77]. In a study by Martinez-Aran et al.
the main differences between patients with high and low psychosocial functioning
were memory deficits and executive dysfunction. These findings probably indicate
that memory deficits lead to more significant difficulties remembering information
in the long-term, which in turn could be directly associated with poorer social and
occupational functioning [15].
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Bipolar disorder has been initially thought to show functional recovery in inter-
episode periods but most of the current studies point to marked cognitive deficiency even
during euthymia. Impairment may affect various areas of functioning, e.g., autonomy,
work, cognition, interpersonal relationships, and financial status [16, 78], and seems
to take place already at the initial phases of illness, during the first mood episode [79],
becoming more pronounced as the illness progresses [80]. Reed et al. in a large-scale
longitudinal European study, reported higher rates of symptomatic and functional recovery
in patients treated after the first mood episode than in those with multiple episodes [81].
Similar results have been found in a population of Spanish patients with bipolar disorder:
more severe functional impairment [both overall and in specific domains] was found
in individuals with multiple episodes vs. those with first episode [80]. Despite the large
body of evidence showing the impact of a higher number of episodes on the functioning
of patients with bipolar disorder, other markers of severity, e.g., presence of depressive
subclinical symptoms, suicide attempts, and underdiagnosis, may also contribute to
poorer psychosocial functioning [83]. Reinares et al. investigating the best predictors
of prognosis in bipolar disorder, showed that four clinical features, namely episode den-
sity, residual depressive symptoms, estimated verbal intelligence, and inhibitory control,
were strongly associated with a worse course of the illness [83].

In summary, all these studies seem to suggest that the frequency of mood
episodes and the length of illness have a negative impact on the patient’s cognitive
and psychosocial functioning. This scenario underscores the need for new therapeutic
strategies focused on preventing the progression of bipolar disorder, as well as on
restoring the cognitive and functional ability of these patients.

Figure 1: Factors associated with poor psychosocial functioning
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- Age of onset
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- Prior history of psychotic symptoms
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Sociodemographic factors
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Adapted from J. Sanchez-Moreno et al., 2009 [73]
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Neuroprogression and treatment response

Bipolar disorder progression is strongly related to poorer treatment response.
For instance, a poorer response to lithium has been associated with a higher number
of episodes [8, 84], and a more effective response to olanzapine, with earlier stages
[85]. Some subgroups of patients tend to respond poorly to the use of lithium, in-
cluding those with a rapid cycling course and dysphoric mania [86]. Patients with
comorbid alcohol and drug abuse and those who do not have first-degree relatives
with bipolar disorder are also included in this group [87]. Other predictors of poor
response to treatment include at least three mood episodes in the past 3 years [88]
and a diagnosis of borderline personality disorder [85]. In an observational study
assessing 221 patients with bipolar I and II disorders, Pacchiarotti et al. identified
factors associated with response to treatment with antidepressants. Respondents
[those showing at least 50% reduction in relation to baseline HDRS scores after
8 weeks of treatment] included patients with previous response to antidepressants
and with psychotic symptoms. Non-respondents, in turn, showed a higher number
of antidepressant-induced manic switches in previous depressive episodes, history
of atypical depression, in addition to a higher number of depressive and hypomanic
episodes — but not of manic or mixed episodes — in comparison with respondents [89].
From a psychosocial point of view, changes have also been reported in association
with a higher number of relapses, and may include a poorer response to cognitive-
behavioral therapy [9] or family psychoeducation [33].

Despite the consistent body of research on the treatment of bipolar disorder,
further studies are warranted to contribute new findings to the development of both
pharmacological and psychotherapeutic interventions, specifically designed according
to early or advance illness stages.

Conclusion

Biological, cognitive and functional impairment seem to be strongly related to
the course of bipolar disorder. This supports the notion of the use of staging models
in this illness. In these models, patients are classified according to a disease continuum
that ranges from early, more favorable periods, to periods of incomplete remission.
The literature suggests that early interventions are associated with an improved response
to treatment, fewer relapses, and the possibility to prevent illness progression to more
advance stages. Primary prevention could be used as a therapeutic tool in individu-
als at high risk for developing psychiatric illnesses and also in patients at stage I.
In this context staging models for bipolar disorder may guide treatment planning and
better inform patients and their family members of what could be expected in terms
of prognosis.



238

Aline André Rodrigues et al.

10.

11.

12.

13.

14.

15.

16.

17.

References

Mathers CD, Lopez AD, Murray CL. The burden of disease and mortality by condition: data,
methods, and results for 2001. Washington, DC: World Bank; 2006.

Vieta E, Langosch JM, Figueira ML, Souery D, Blasco-Colmenares E, Medina E i wsp. Clinical
management and burden of bipolar disorder: results from a multinational longitudinal study
(WAVE-bd). Int. J. Neuropsychopharmacol. 2013; 16(8): 1719-1732.

Dias VV, Brissos S, Carita Al. Clinical and neurocognitive correlates of insigth in patients with
bipolar I disorder in remission. Acta Psychiatr. Scand. 2008; 117(1): 28-34.

Post RM, Fleming J, Kapczinski F. Neurobiological correlates of illness progression in the re-
current affective disorders. J. Psychiatr. Res. 2012; 46(5): 561-573.

Torres 1J, Boudreau VG, Yatham LN. Neuropsychological functioning in euthymic bipolar
disorder: a meta-analysis. Acta Psychiatr. Scand. Suppl. 2007; 434: 17-26.

Kessing LV, Andersen PK. Does the risk of developing dementia increase with the number
of episodes in patients with depressive disorder and in patients with bipolar disorder? J. Neurol.
Neurosurg. Psychiatry 2004; 75(12): 1662—1666.

Ketter TA, Houston JP, Adams DH, Risser RC, Meyers AL, Williamson DJ i wsp. Differential
efficacy of olanzapine and lithium in preventing manic or mixed recurrence in patients with
bipolar I disorder based on number of previous manic or mixed episodes. J. Clin. Psychiatry
2006; 67(1): 95-101.

Swann AC, Bowden CL, Calabrese JR, Dilsaver SC, Morris DD. Differential effect of number
of previous episodes of affective disorder on response to lithium or divalproex in acute mania.
Am. J. Psychiatry 1999; 156(8): 1264—-1266.

Scott J, Paykel E, Morriss R, Bentall R, Kinderman P, Johnson T i wsp. Cognitive-behavioural
therapy for severe and recurrent bipolar disorders: randomised controlled trial. Br. J. Psychiatry
2006; 188: 313-320.

Altshuler LL, Post RM, Black DO, Keck PE Jr, Nolen WA, Frye MA i wsp. Subsyndromal de-
pressive symptoms are associated with functional impairment in patients with bipolar disorder:
results of a large, multisite study. J. Clin. Psychiatry 2006; 67(10): 1551-1560.

Judd LL, Schettler PJ, Solomon DA, Maser JD, Coryell W, Endicott J i wsp. Psychosocial
disability and work role function compared across the long-term course of bipolar I, bipolar 11
and unipolar major depressive disorders. J. Affect. Disord. 2008; 108(1-2): 49-58.

Matza LS, Rajagopalan KS, Thompson CL, de Lissovoy G. Misdiagnosed patients with bipolar
disorder: comorbidities, treatment patterns, and direct treatment costs. J. Clin. Psychiatry 2005;
66(11): 1432-1440.

Hawton K, Sutton L, Haw C, Sinclair J, Harriss L. Suicide and attempted suicide in bipolar
disorder: a systematic review of risk factors. J. Clin. Psychiatry 2005; 66(6): 693—704.
Goldberg JF, Ernst CL. Features associated with the delayed initiation of mood stabilizers at
illness onset in bipolar disorder. J. Clin. Psychiatry 2002; 63(11): 985-991.

Martinez-Aran A, Vieta E, Torrent C, Sanchez-Moreno J, Goikolea JM, Salamero M i wsp.
Functional outcome in bipolar disorder: the role of clinical and cognitive factors. Bipolar
Disord. 2007; 9: 103—113.

Rosa AR, Reinares M, Michalak EE, Bonnin CM, Sole B, Franco C i wsp. Functional impair-
ment and disability across mood states in bipolar disorder. Value Health 2010; 13(8): 984-988.

Berk M, Conus P, Lucas N, Hallam K, Malhi GS, Dodd S i wsp. Setting the stage: from prodrome
to treatment resistance in bipolar disorder. Bipolar Disord. 2007; 9(7): 671-678.



Bipolar disorder: staging and neuroprogression 239

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kapczinski F, Dias VV, Kauer-Sant’Anna M, Frey BN, Grassi-Oliveira R, Colom F i wsp.
Clinical implications of a staging model for bipolar disorders. Expert Rev. Neurother. 2009;
9(7): 957-966.

Caspi A, Moffit TE. Gene-environment interactions in psychiatry: joining forces with neuro-
science. Nat. Rev. Neurosci. 2006; 7(7): 583-590.

Vieta E, Popovic D, Rosa AR, Solé B, Grande I, Frey BN i wsp. The clinical implications
of cognitive impairment and allostatic load in bipolar disorder. Eur. Psychiatry 2012; 28(1):
21-29.

McEwen BS, Wingfield JC. The concept of allostasis in biology and biomedicine. Horm. Behav.
2003; 43(1): 2-15.

McGorry PD. Issues for DSM-V: clinical staging: a heuristic pathway to valid nosology and
safer, more effective treatment in psychiatry. Am. J. Psychiatry 2007; 164: 859-860.

Fava GA, Kellner R. Staging: a neglected dimension in psychiatric classification. Acta Psychiatr.
Scand. 1993; 87: 225-230.

Francey SM, Nelson B, Thompson A, Parker AG, Kerr M, Macneil C i wsp. Who needs anti-
psychotic medication in the earliest stages of psychosis? A reconsideration of benefits, risks,
neurobiology and ethics in the era of early intervention. Schizophr. Res. 2010; 119(1-3): 1-10.

Blechacz BR, Sanchez W, Gores GJ. 4 conceptual proposal for staging ductal cholangiocarci-
noma. Curr. Opin. Gastroenterol. 2009; 25(3): 238-239.

Kameyama K, Takahashi M, Ohata K, Igai H, Yamashina A, Matsuoka T i wsp. Evaluation
of the new TNM staging system proposed by the International Association for the Study of Lung
Cancer at a single institution. J. Thorac. Cardiovasc. Surg. 2009; 137(5): 1180-1184.

Kyrtsonis MC, Maltezas D, Tzenou T, Koulieris E, Bradwell AR. Staging systems and prog-
nostic factors as a guide to therapeutic decisions in multiple myeloma. Semin. Hematol. 2009;
46(2): 110-117.

Rami-Porta R, Crowley JJ, Goldstraw P. The revised TNM staging system for lung cancer. Ann.
Thorac. Cardiovasc. Surg. 2009; 15(1): 4-9.

Colom F, Vieta E. The road to DSM-V: bipolar disorder episode and course specifiers. Psy-
chopatology 2009; 42: 209-218.

Post RM. Transduction of psychosocial stress into the neurobiology of recurrent affective dis-
order. Am. J. Psychiatry 1992; 149: 999-1010.

Berk M, Hallam KT, McGorry PD. The potential utility of a staging model as a course specifier:
a bipolar disorder perspective. J. Affect. Disord. 2007; 100(1-3): 279-281.

Cosci F, Fava G. Staging of mental disorders: systematic review. Psychother. Psychosom. 2013;
82:20-34.

Reinares M, Colom F, Rosa AR, Bonnin CM, Franco C, Sol¢ B i wsp. The impact of staging
bipolar disorder on treatment outcome of family psychoeducation. J. Affect. Disord. 2010;
123(1-3): 81-86.

Ferensztajn E, Rybakowski J. Etapy przebiegu choroby afektywnej dwubiegunowej. Psychiatr.
Pol. 2012; 46(4): 613-626.

Sterling P, Eyer J. Allostasis: a new paradigm to explain arousal pathology. W: Fisher S, Rea-
son J. red. Handbook of life stress, cognition and health. New York: Wiley; 1988. s. 629-649.
Cunha AB, Frey BN, Andreazza AC, Goi JD, Rosa AR, Gongalves CA i wsp. Serum brain-de-
rived neurotrophic factor is decreased in bipolar disorder during depressive and manic episodes.
Neurosci. Lett. 2006; 398: 215-219.



240

Aline André Rodrigues et al.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

de Oliveira GS, Cereser KM, Fernandes BS, Kauer-Sant’ Anna M, Fries GR, Stertz L i wsp. De-
creased brain-derived neurotrophic factor in medicated and drug-free bipolar patients. J. Psychiatr.
Res. 2009; 43(14): 1171-1174.

Machado-Vieira R, Dietrich MO, Leke R, Cereser VH, Zanatto V, Kapczinski F i wsp. Decreased
plasma brain derived neurotrophic factor levels in unmedicated bipolar patients during manic
episode. Biol. Psychiatry 2007; 61(2): 142—144.

Tramontina JF, Andreazza AC, Kauer-Sant’ Anna M, Stertz L, Goi J, Chiarani F i wsp. Brain-
derived neurotrophic factor serum levels before and after treatment for acute mania. Neurosci.
Lett. 2009; 452(2): 111-113.

Kauer-Sant’ Anna M, Kapczinski F, Andreazza AC, Bond DJ, Lam RW, Young LT i wsp. Brain
-derived neurotrophic factor and inflammatory markers in patients with early- vs. late-stage
bipolar disorder. Int. J. Neuropsychopharmacol. 2009; 12(4): 447-458.

Walz JC, Andreazza AC, Frey BN, Cacilhas AA, Ceresér KM, Cunha AB i wsp. Serum neu-
rotrophin-3 is increased during manic and depressive episodes in bipolar disorder. Neurosci.
Lett. 2007; 415: 87-89.

Walz JC, Magalhaes PV, Giglio LM, Cunha AB, Stertz L, Fries GR i wsp. Increased serum
neurotrophin-4/5 levels in bipolar disorder. J. Psychiatr. Res. 2009; 43: 721-723.

Rosa AR, Frey BN, Andreazza AC, Ceresér KM, Cunha AB, Quevedo J i wsp. Increased serum
glial cell line-derived neurotrophic factor immunocontent during manic and depressive episodes
in individuals with bipolar disorder. Neurosci. Lett. 2006; 407: 146—150.

Modabbernia A, Taslimi S, Brietzke E, Ashrafi M. Cytokine alterations in bipolar disorder:
a meta-analysis of 30 studies. Biol. Psychiatry 2013; 74(1): 15-25.

Andreazza AC, Kapczinski F, Kauer-Sant’Anna M, Walz JC, Bond DJ, Gongalves CA i wsp.
3-Nitrotyrosine and glutathione and glutathione antioxidant system in patients in the early and
late stages of bipolar disorder. J. Psychiatry Neurosci. 2009; 34: 263-271.

Andreazza AC, Frey BN, Erdtmann B, Salvador M, Rombaldi F, Santin A i wsp. DNA damage
in bipolar disorder. Psychiatry Res. 2007; 53: 27-32.

Vieta E, Popovic D, Rosa AR, Solé B, Grande I, Frey BN i wsp. The clinical implications of cog-
nitive impairment and allostatic load in bipolar disorder. Eur. Psychiatry 2013; 28(1): 21-29.
Soares JC, Kochunov P, Monkul ES, Nicoletti MA, Brambilla P, Sassi RB i wsp. Structural
brain changes in bipolar disorder using deformation field morphometry. Neuroreport 2005;
16: 541-544.

Moorhead TW, McKirdy J, Sussmann JE, Hall J, Lawrie SM, Johnstone EC i wsp. Progressive
gray matter loss in patients with bipolar disorder. Biol. Psychiatry 2007; 62: 894-900.
Blumberg HP, Krystal JH, Bansal R, Martin A, Dziura J, Durkin K i wsp. Age, rapid-cycling,
and pharmacotherapy effects on ventral prefrontal cortex in bipolar disorder: a cross-sectional
study. Biol. Psychiatry 2006; 59: 611-618.

Beyer JL, Young R, Kuchibhatla M, Krishnan KR. Hyperintense MRI lesions in bipolar disorder:
a meta-analysis and review. Int. Rev. Psychiatry 2009; 21: 394-409.

Kempton MJ, Geddes JR, Ettinger U, Williams SC, Grasby PM. Meta-analysis, database, and
meta-regression of 98 structural imaging studies in bipolar disorder. Arch. Gen. Psychiatry
2008; 65: 1017-1032.

Bora E, Fornito A, Yiicel M, Pantelis C. Voxelwise meta-analysis of gray matter abnormalities
in bipolar disorder. Biol. Psychiatry 2010; 67(11): 1097—-105.



Bipolar disorder: staging and neuroprogression 241

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Rosso IM, Killgore WD, Cintron CM, Gruber SA, Tohen M, Yurgelun-Todd DA. Reduced
amygdala volumes in first-episode bipolar disorder and correlation with cerebral white matter.
Biol. Psychiatry 2007; 61(6): 743-749.

Davis KA, Kwon A, Cardenas VA, Deicken RF. Decreased cortical gray and cerebral white
matter in male patients with familial bipolar I disorder. J. Affect. Disord. 2004; 82: 475-85.
Rajkowska G, Halaris A, Selemon LD. Reductions in neuronal and glial density characterize
the dorsolateral prefrontal cortex in bipolar disorder. Biol. Psychiatry 2001; 49(9): 741-752.

57. Lopez-Larson MP, DelBello MP, Zimmerman ME, Schwiers ML, Strakowski SM. Regional
prefrontal gray and white matter abnormalities in bipolar disorder. Biol. Psychiatry 2002;
52(2): 93-100.

Ongiir D, Drevets WC, Price JL. Glial reduction in the subgenual prefrontal cortex in mood
disorders. Proc. Natl. Acad. Sci. U.S.A. 1998; 95(22): 13290-13295.

Sassi RB, Brambilla P, Hatch JP, Nicoletti MA, Mallinger AG, Frank E i wsp. Reduced left
anterior cingulate volumes in untreated bipolar patients. Biol. Psychiatry 2004; 56(7): 467-475.
Doris A, Belton E, Ebmeier KP, Glabus MF, Marshall 1. Reduction of cingulate gray matter
density in poor outcome bipolar illness. Psychiatry Res. 2004; 130(2): 153—159.

Hwang J, Lyoo IK, Dager SR, Friedman SD, Oh JS, Lee JY i wsp. Basal ganglia shape alter-
ations in bipolar disorder. Am. J. Psychiatry 2006; 163(2): 276-285.

Strakowski SM, DelBello MP, Sax KW, Zimmerman ME, Shear PK, Hawkins JM i wsp. Brain
magnetic resonance imaging of structural abnormalities in bipolar disorder. Arch. Gen. Psy-
chiatry 1999; 56(3): 254-260.

Pfaffenseller B, Gama CS, Kapczinski F, Duarte JA, Kunz M. Anatomical faces of neuropro-
gression in bipolar disorder. Neuropsychiatry; 2012; 2(4): 1-2.

Quraishi S, Frangou S. Neuropsychology of bipolar disorder: a review. J. Affect. Disord. 2002;
72:209-226.

Savitz J, Solms M, Ramesar R. Neuropsychological dysfunction in bipolar affective disorder:
a critical opinion. Bipolar Disord. 2005; 7: 216-235.

Olvet DM, Stearns WH, McLaughlin D, Auther AM, Correll CU, Cornblatt BA. Comparing
clinical and neurocognitive features of the schizophrenia prodrome to the bipolar prodrome.
Schizophr. Res. 2010; 123(1): 59-63.

Loépez-Jaramillo C, Lopera-Vasquez J, Gallo A, Ospina-Duque J, Bell V, Torrent C i wsp. Effects
of recurrence on the cognitive performance of patients with bipolar I disorder: implications for
relapse prevention and treatment adherence. Bipolar Disord. 2010;12(5): 557-567.

Bonnin CM, Martinez-Aran A, Torrent C, Pacchiarotti I, Rosa AR, Franco C i wsp. Clinical
and neurocognitive predictors of functional outcome in bipolar euthymic patients: a long-term,

follow-up study. J. Affect. Disord. 2010; 121(1-2): 156—160.

Simon GE, Bauer MS, Ludman EJ, Operskalski BH, Uniitzer J. Mood symptoms, functional
impairment, and disability in people with bipolar disorder: specific effects of mania and de-
pression. J. Clin. Psychiatry 2007; 68(8): 1237-1245.

Rosa AR, Reinares M, Amann B, Popovic D, Franco C, Comes M i wsp. Six-month functional
outcome of a bipolar disorder cohort in the context of a specialized-care program. Bipolar
Disord. 2011; 13(7-8): 679-686.

Rosa AR, Bonnin CM, Vazquez GH, Reinares M, Sol¢ B, Tabarés-Seisdedos R 1 wsp. Func-

tional impairment in bipolar Il disorder: is it as disabling as bipolar I? J. Aftect. Disord. 2010;
127(1-3): 71-76.



242 Aline André Rodrigues et al.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Bonnin CM, Sanchez-Moreno J, Martinez-Aran A, Solé B, Reinares M, Rosa AR i wsp. Sub-
threshold symptoms in bipolar disorder: impact on neurocognition, quality of life and disability.
J. Affect. Disord. 2012; 136(3): 650—659.

Sanchez-Moreno J, Martinez-Aran A, Tabarés-Seisdedos R, Torrent C, Vieta E, Ayuso-Mateos
JL. Functioning and disability in bipolar disorder: an extensive review. Psychother. Psychosom.
2009; 78(5): 285-297.

Robinson LJ, Ferrier IN. Evolution of cognitive impairment in bipolar disorder: a systematic
review of cross-sectional evidence. Bipolar Disord. 2006; 8: 103—116.

Mur M, Portella MJ, Martinez-Aran A, Pifarre J, Vieta E. Influence of clinical and neuropsycho-
logical variables on the psychosocial and occupational outcome of remitted bipolar patients.
Psychopathology 2009; 42(3): 148-156.

Tabarés-Seisdedos R, Mata I, Escamez T, Vieta E, Lopez-Ilundain JM, Salazar J i wsp. Evidence
for association between structural variants in lissencephaly-related genes and executive deficits
in schizophrenia or bipolar patients from a Spanish isolate population. Psychiatr. Genet. 2008;
18(6): 313-317.

Martino DJ, Igoa A, Marengo E, Scapola M, Strejilevich SA. Neurocognitive impairments and
their relationship with psychosocial functioning in euthymic bipolar II disorder. J. Nerv. Ment.
Dis. 2011; 199(7): 459-464.

Rosa AR, Franco C, Martinez-Aran A, Sanchez-Moreno J, Reinares M, Salamero M i wsp.
Functional impairment in patients with remitted bipolar disorder. Psychother. Psychosom.
2008; 77(6): 390-392.

Nehra R, Chakrabarti S, Pradhan BK, Khehra N. Comparison of cognitive functions between
first- and multi-episode bipolar affective disorders. J. Affect. Disord. 2006; 93(1-3): 185-192.
Rosa AR, Gonzalez-Ortega I, Gonzalez-Pinto A, Echeburtia E, Comes M, Martinez-Aran A i wsp.
One-year psychosocial functioning in patients in the early vs. late stage of bipolar disorder.
Acta Psychiatr. Scand. 2012; 125(4): 335-341.

Reed C, Goetz I, Vieta E, Bassi M, Haro JM, EMBLEM Advisory Board. Work impairment
in bipolar disorder patients — results from a two-year observational study (EMBLEM). Eur.
Psychiatry 2010; 25(6): 338-344.

Azorin JM, Kaladjian A, Adida M, Fakra E, Hantouche E, Lancrenon S. Baseline and prodromal
characteristics of first- versus multiple-episode mania in a French cohort of bipolar patients.
Eur. Psychiatry 2012; 27(8): 557-562.

Reinares M, Papachristou E, Harvey P, Mar Bonnin C, Sanchez-Moreno J, Torrent C i wsp.
Towards a clinical staging for bipolar disorder: Defining patient subtypes based on functional
outcome. J. Affect. Disord. 2013; 144(1-2): 65-71.

Maj M. The impact of lithium prophylaxis on the course of bipolar disorder: a review of the
research evidence. Bipolar Disord. 2000; 2: 93-101.

Ketter TA, Houston JP, Adams DH, Risser RC, Meyers AL, Williamson DJ i wsp. Differential
efficacy of olanzapine and lithium in preventing manic or mixed recurrence in patients with
bipolar I disorder based on number of previous manic or mixed episodes. J. Clin. Psychiatry
2006; 67(1): 95-101.

Post RM, Ketter TA, Pazzaglia PJ, Denicoff K, George MS, Callahan A i wsp. Rational poly-
pharmacy in the bipolar affective disorders. Epilepsy Res. Suppl. 1996; 11: 153—-180.
Solomon DA, Keitner GI, Miller IW, Shea MT, Keller MB. Course of illness and maintenance
treatments for patients with bipolar disorder. J. Clin. Psychiatry 1995; 56(1): 5-13.



Bipolar disorder: staging and neuroprogression 243

88.

89.

Kutcher SP, Marton P, Korenblum M. Adolescent bipolar illness and personality disorder. J. Am.
Acad. Child. Adolesc. Psychiatry 1990; 29(3): 355-358.

Pacchiarotti I, Valenti M, Bonnin CM, Rosa AR, Murru A, Kotzalidis GD i wsp. Factors asso-
ciated with initial treatment response with antidepressants in bipolar disorder. Eur. Neuropsy-
chopharmacol. 2011; 21(5): 362-369.

Financial & competing interests disclosures

Prof. Kapczinski has received grant/research support from Astra-Zeneca, Eli Lilly, Janssen-
Cilag, Servier, CNPq, CAPES, NARSAD, and the Stanley Medical Research Institute; has
been a member of the speakers’ boards of Astra-Zeneca, Eli Lilly, Janssen and Servier; and has
served as a consultant for Servier.

Dr. Rosa has served as speaker for Eli Lilly.

Dr. Kunz, Dr. Rodrigues and Dr. Ascoli declare that they have no competing interests.



