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Abstract

Objective—The present study investigated the differences in corpus callosum (CC) volumes
between women with early stage and late stage bipolar | (BP I) disorder using the criteria
previously described in the literature.

Method—We compared women with early and late stage BP | using criteria described in the
Staging Systems Task Force Report of the International Society for Bipolar Disorders. We
included 20 patients with early stage and 21 patients with late stage BP land a group of 25 healthy
controls. Patients and controls underwent structural magnetic resonance imaging. Information on
the clinical features of bipolar disorder was collected using a standardized questionnaire.
Anatomical volumes of 5 regions of CC were compared between the three groups.

Results—Women with late-stage BP | disorder had reduced posterior CC volumes compared
to early stage bipolar | patients and controls (F=6.05; P=0.004). The difference was significant
after controlling for age, comorbidity with post-traumatic stress disorder, psychotic symptoms
during mood episodes, and current use of medication.

Conclusion—The posterior CC was significantly decreased in volume in women with late-
stage bipolar disorder. These findings suggest that CC may be an anatomical target of
neuroprogression in the course of bipolar disorder in women.

Introduction

Bipolar disorder has been known since early descriptions to be characterized by an
accelerating and progressive course (1): later stages are thought to be characterized by
reduced inter-episodic intervals (2, 3), lower responsiveness to pharmacological treatments
and psychotherapy (4-6), and an augmented rate of hospitalizations (7). Different stages of
the disorder might require different approaches (8), therefore a better understanding of the
progressive nature of the disorder as it advances through stages may be necessary to gain
further insight into its pathophysiology and possible treatment interventions (9). Cognitive
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deficits also seem to worsen as illness duration and the number of affective episodes increase
(10-12), suggesting underlying pathologic changes in the brain. A recent Task-force report
proposed a distinction between an early and a late stage bipolar disorder. Accordingly, late-
stage would be characterized by low functionality, unremitting illness and higher number of
episodes and hospitalizations (8). It is possible that the lower response to treatment observed
in late-stage may be related to neuroprogression, described as the functional and anatomical
changes that take place in the brain during the course of illness (13). Relatively few
neuroimaging studies have investigated the specific ways in which brain networks are
affected in different stages of illness (13, 14).

The corpus callosum (CC) is the largest white matter structure in the brain. It is a bundle of
white matter fibers that connects the two cerebral hemispheres. It is involved in the
integration of processes related to language, attention, arousal, memory, emotion and
sensory-motor functions (15-17). The CC seems to be particularly vulnerable to perceived
stress (18) and has been shown to be affected by stressful events and trauma (19, 20).
Specifically, reductions in CC volume have been demonstrated in both children (21) and
adults with posttraumatic stress disorder (PTSD)(22, 23), particularly in the posterior part of
the corpus callosum (22).

The repeated episodes that characterize bipolar disorder are stressful experiences that require
an adaptive response from physiological systems, and they are associated with cumulative
disruptive effects on the brain that could be responsible for the progressive course of bipolar
disorder (24). Since the CC is a structure which is vulnerable to stress, it might be
progressively damaged by repeated episodes of bipolar disorder.

Indeed, alterations of the integrity of the corpus callosum have been repeatedly reported in
bipolar disorder literature (25-28). These findings have been correlated in some studies to
specific features of bipolar disorder like presence of psychotic symptoms (29, 14),
impulsivity (only in suicidal bipolar patients)(30) and early onset bipolar disorder (31).
Thinning of the CC has been found to show an inverse correlation with length of illness in a
study by Walterfang and colleagues (27). However, age also showed a significant inverse
correlation with the volume of the CC in this study. The co-linearity between the two
variables makes the interpretation of these results difficult, since the thinning of the CC
could be a result of illness duration or an interaction between illness duration and aging.
Furthermore, the lack of information on the number of episodes and inter-episodic remission
prevents considerations on the effects of illness severity and cumulative effects of symptoms.

It has been suggested that neuroprogressive changes might take place in the CC in bipolar
patients, and that the cumulative damage of illness episodes might determine greater
alterations in late stages of the disorder (32, 33), but this hypothesis has not yet been tested.

Aims of the study

The aim of the present study was to compare differences in volumes in five regions of
interest in the corpus callosum (CC) in women with early and late stage bipolar | disorder
(BP1).
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Material and methods

Participants

Subjects were recruited at the outpatient service of the mood disorders Centre of the
University of Texas Health Science Center at San Antonio (TX). Although a recent study has
not found any significant sex-by-diagnosis interaction in bipolar disorder (34), differences in
the corpus callosum between men and women have been found by several studies (35-39). In
order to maximize the power of the study we chose to reduce the amount of variance due to
factors unrelated to the tested hypothesis by recruiting only women. We enrolled adult
females from 19 to 65 years of age in three groups: two groups of patients with bipolar |
disorder (early stage and late stage), and one group of controls. Clinicians diagnosed patients
according to DSM-IV-TR criteria (40) and the Structured Clinical Interview for DSM-1V
axis | disorders (SCID-I)(41). Investigators also administered the Hamilton Depression
Rating Scale (HDRS) and the Young Mania Rating Scale Score (YMRS) to all subjects (42,
43). We defined as “late stage” patients that fulfilled all these three staging criteria that have
been shown in the literature to predict poorer outcome: they had more than 10 episodes (44);
incomplete remission (45) and at least one hospitalization (46). Patients who did not fulfil
these criteria were considered “early stage”. We recruited controls in the same age range
through advertisement in the community. Subjects with history of neurological disorders,
head trauma, current major medical illness or any contraindication for magnetic resonance
imaging (MRI) were excluded. Socio-demographic information was collected at baseline; all
participants provided written informed consent after being given a complete description of
the study. The institutional Review Board of the University of Texas Health Science Center
at San Antonio approved the study.

MRI data acquisition

We acquired structural T1-weighted scans using a 1.5 Tesla MRI Philips scanner (Philips
Medical System, Andover, MA) using a three-dimensional axial T1-weighted fast field echo
sequence with the following parameters: repetition time (TR) = 24 ms, echo time (TE) =5
ms, flip angle = 40°, field of view (FOW) = 256 mm, slice thickness = 1 mm, matrix size =
256X256 and 150 slices.

MRI data pre-processing

All scans were visually inspected to rule out gross artifacts. The Freesurfer software library
(http://surfer.nmr.mgh.harvard.edu/) Version 5.3.0 (47) was used segment the CC through an
automated process which is described elsewhere (48, 49). The automated CC segmentation
resulted into five CC parcellations, namely: anterior, mid-anterior, central, mid-posterior and
posterior. We tested these regions separately to better define anatomically the site of possible
alterations in bipolar patients, since alterations in different parts of the corpus callosum are
thought to affect connections between specific cortical regions (20). CC volumes were
normalized with the intracranial volume (ICV) for each subject before group-level statistical
analyses were undertaken.
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Statistical analysis

Results

We conducted all statistical analyses using SPSS 20.0 (SPSS Inc., Chicago, lllinois, USA).
To compare demographic continuous variable differences between groups, analysis of
variance (ANOVA) was used. For each CC measurement, one-way ANOVA was used to
compare CC volumes between patients with early stage bipolar disorder, patients with late
stage bipolar disorder and healthy controls. Subsequently, for each CC measurement for
which a significant group difference was found in the ANOVA a general linear model
(GLM) was fitted with Group as fixed factor, CC measurement as dependent variable, age as
covariate, history of psychotic features during mood episodes, comorbid post-traumatic
stress disorder (PTSD) diagnosis and current medication status as categorical variables of no
interest. The GLM analysis was performed to control for these factors, which have been
shown to be linked to alterations in the CC (22, 29). P values < than 0.05 were considered
significant. Since we performed 5 tests (one for each CC sub-region), correction for multiple
comparison (Bonferroni) was used. Therefore, the corrected P value for significance was
considered to be 0.01.

Demographics

The socio-demographic characteristics of the subjects at the time of enrollment are reported
in Table 1. Mean age and years of education were as follows: healthy controls=40+13, 15+3;
early stage bipolar | patients=39+11, 14+1; late stage bipolar I patients=39+11, 14+6. The
three groups did not differ significantly regarding these variables (ANOVA for age: F=0.83,
P=0.44; ANOVA for years of education: F=0.04; P=0.95). In the early stage bipolar group
11 patients were treated with medication, in the late stage group 16 patients were treated at
the time of assessment. Psychotropic drugs administered to early stage bipolar patients
included: anticonvulsants (5 patients), antidepressants (3 patients), atypical antipsychotics (4
patients) and benzodiazepines (2 patients); late stage patients were treated with lithium (1
patient), anticonvulsants (6 patients), antidepressants (4 patients), atypical antipsychotics (5
patients), benzodiazepines (6 patients). All the bipolar patients had been previously treated
pharmacologically.

Group differences in CC measurements

The measurements of the CC volumes for the five CC regions in the three groups are
summarized in Table 2. The ANOVA testing the difference between the three groups is
significant for comparisons between the three groups in the mid-anterior region (F=3.39;
P=0.04) and in the posterior region (F=6.05; P=0.004). After performing a Bonferroni
correction for five comparisons (the five CC regions), only the posterior CC remained
significant. The posterior CC defined by Freesurfer is represented in Figure 1. In this region,
post-hoc analyses revealed a significant difference for the contrast of late-stage BP I<
healthy controls (P=0.031) and late-stage BP | < early stage BP | (P=0.005). Group
differences in posterior CC volumes are represented in Figure 2. This analysis was
performed again after we excluded the patient treated with lithium, in the light of the
previously described neurotrophic effects of this drug (33). The significant difference
between groups still held.
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The GLM model was also performed to test for group differences in posterior CC volumes
controlling for age, psychotic symptoms during mood episodes, comorbid PTSD diagnosis,
current medication status (treated vs not currently treated pharmacologically). The
difference between groups was still significant after we controlled for these factors.

Discussion

The present study showed that women with late-stage bipolar | disorder present a decrease in
posterior CC volume compared to controls and early stage bipolar | subjects.

The current data confirm other lines of evidence that support a staging model of bipolar
disorder. Bipolar disorder has been shown to have a progressive course in some cases (13).
Biological processes that involve cytokines, neurotrophins and mediators of oxidative stress
are likely to contribute in the brain changes that take place in the course of bipolar disorder
(50). Recent analyses suggest that interleukin 6 (IL-6), and inflammatory mediator, could be
a useful biomarker for the characterization of the progression of bipolar disorder (51). The
glycogen synthase kinase 3 (GSK3) is an enzyme that is involved in maintaining
microtubule stability in neurons (52), and the effects of lithium are thought to be mediated
by the inhibition of GSK3 and the promotion of myelination (53). Future studies should
investigate the presence of changes in GSK3 function in different stages of bipolar disorder
and how they correlate with white matter integrity and response to treatment.

In our sample the clinical features that were associated with alterations in the CC in previous
studies were carefully controlled for (ICV, co-morbid PTSD, psychotic symptoms during
mood episodes, early onsetand pharmacological treatment). In this sense, the changes that
we identified seem to be independently associated with late-stage BP I. The corpus callosum
is the largest white matter tract in the brain, and it is an area known to be vulnerable to the
effects of stress, as the literature on PTSD seems to suggest (22, 23). As expected, the
sustained wear and tear that bipolar disorder imposes on the brain with its repeated episodes
and the subsequent activation of multiple biochemical mechanisms (24) seems to affect the
volume of this brain region.

Several studies have pointed to the role of CC abnormalities in creating deficits of inter-
hemispheric connectivity in bipolar disorder (29, 54, 55). Thinning of parts of the corpus
callosum, albeit in different portions of it, was found to be correlated with the duration of
illness in a previous study (27). While in this study length of illness tended to co-vary with
age, in our study the groups were balanced with regards to age and years of education. The
methodological approach we used allowed to test the effect of repeated episodes of illness
without confounding from age. In this manner, we were able to confirm a specific effect of
stage of illness in the volume changes in CC.

A universally accepted definition of “late stage” is not currently available (9), therefore we
had to choose between several “proxy” measures of staging available in the literature (8).
According to Cosci and Fava the purpose of staging is to find the most effective and less
invasive treatment for each stage of illness (56): the issue of how staging can predict
prognosis and response to treatment is therefore central to the staging effort. Cosci and Fava
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emphasize the importance of number of recurrences and residual symptoms in staging
models (56). In order to define our staging criteria, we looked for recent longitudinal studies
assessing predictors of treatment response in bipolar disorder using large samples. Multiple
episodes (>10) of bipolar disorder were found to predict poorer prognosis in an analysis of
the STEP-BD database (n=3345)(44). In our sample several patients had more than 10
episodes and incomplete remission, and it was not possible to quantify the precise number of
episodes. We are aware that other meaningful definitions of “early” and “late” stage bipolar
disorder are possible and defensible. Only with large, prospective studies that investigate
which of these classifications show the best correlation with clinical outcomes it will be
possible to settle the issue. However, there is an emerging body of evidence supporting the
definition of late stage used in the present study. Incomplete remission has emerged as one
of the criteria of prognosis together with episode density in a recent study (45). In another
recent study in a large sample (n=3762) hospitalizations predicted a negative response to
lithium: the rate of non-response was increased by 3% for every psychiatric hospitalization
before first being treated with lithium (46). Thus, we selected multiple episodes, incomplete
remission and at least one hospitalization to characterize patients as late stage bipolar
disorder.

While other white matter alterations in bipolar patients have been found to be present in both
patients and their first-degree relatives (e.g. frontolimbic and frontothalamic white matter
connectivity) (54), alterations in the corpus callosum seem to be specific to disease
expression, differentiating bipolar patients from first degree relatives (54, 27). Our findings
suggest that repeated illness episodes and later stages of illness seem to be more correlated
with CC alterations than bipolar disorder diagnosis in itself, confirming that CC anomalies
could be a marker of illness progression. Alterations in the CC are also present in children
with bipolar disorder, and might be linked to different mechanisms like abnormal
myelination during development (57).

Some limitations should be considered in interpreting our results. The lack of diffusion
tensor imaging data (DTI) which is able to quantify tissue diffusivity prevents us from
studying more specific aspects of CC white matter fiber anatomy such as orientation and
integrity. Another limitation is related to the lack of data on early traumatic experiences in
our sample. Early traumatic events (e.g. maltreatment during childhood) have been found in
a recent study by Biicker and colleagues to be correlated to alterations in CC volumes
independently of the development of PTSD in a population of patients with bipolar |
disorder (32). The study did not include a sample of controls with early trauma, therefore it
is at present not possible to establish whether the observed effect was due to a specific
interaction of trauma with bipolar disorder or to an independent effect of childhood
maltreatment per se. Nevertheless, the authors conclude that there could be two main causes
of CC volume reduction in bipolar patients: early trauma, and a further reduction due to the
effects of illness, which is compatible to our findings.

Arguably, the main limitation of our study is its cross-sectional design. In order to establish
a causal effect of stage of illness on CC volumes a longitudinal design would be needed. The
fact that we did not find significant alterations in early stage bipolar patients suggests that
the cumulative effects of the illness process on the brain could require many years and
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repeated illness episodes to become evident. Longitudinal changes in gray and white matter
density over a period of 4 years were estimated in a prospective cohort study of subjects
with bipolar I disorder by Moorhead and colleagues (58) and no significant changes in white
matter density were found. Longitudinal studies covering significant periods of time are
probably necessary to definitively establish the effects of disease stage on brain structures
(59).

In conclusion, the present study showed a decrease in volume of the posterior CC in late-
stage bipolar disorder as compared to healthy controls and to patients in the early stage of
illness. Late-stage bipolar patients have a poorer response to treatment. Efforts to gain a
better understanding of the biological mechanisms related to illness progression will
hopefully lead into more targeted approaches to treat and prevent the progression of BP |
(60).
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Significant Outcomes

. Late-stage of bipolar disorder seems to be characterized by more
pronounced volumetric changes in corpus callosum (CC).

. Changes in CC may contribute to features of late-stage bipolar, such as
higher rates of refractoriness and poorer prognosis.

. Volumetric changes in CC may provide a direct means to assess staging in
bipolar disorder ( BP) I.
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Limitations

. The study is cross-sectional, therefore inferences on causal mechanisms of
disease processes should be considered with caution.

. Information on early traumatic events, that have been shown to be
associated with alterations in the CC, was not available.

. The study design does not allow for considerations as to whether the
observed changes are trait markers of more severe presentations of BP | in
women or neuroprogressive changes that took place in the course of illness.
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Figure 1.
The corpus callosum (CC). The posterior CC as defined in our analyses is highlighted in red.
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Figure 2.
Volumes in the posterior corpus callosum (CC) in the three groups of women: healthy

controls, early stage bipolar | disorder, late stage bipolar I disorder. CC volumes of each
subject were normalized with the individual intracranial volume (ICV). Bars represent the
mean raw volumes for the groups, error bars represent the standard error.
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Socio-demographic and clinical characteristics of patients. YMRS = Young Mania Rating Scale; BP | =

Table 1

Page 15

bipolar I. For all rows mean + SD are reported, except: N° Psychotic features = N° of patients with Psychotic
features during mood episodes (%of the whole group); N° PTSD = N° of patients with comorbid PTSD (%of

the whole group).

BP I early stage (n=20)

BP I late stage (n=21)

Age (years) 39+11 39+11
Years of education 14+1 14+6
Age of onset (years) 2148 24+9
Psychiatric 0 3
hospitalizations

YMRS 8x7 87
HAMD 1746 1649
N° Psychotic features 7 (35%) 9 (43%)
N° PTSD 7 (35%) 4 (19%)
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Measurements of the corpus callosum (CC) in the three groups. Raw values normalized for intracranial

volume (ICV) are expressed in mm3

Table 2

Healthy controls Early stage BP | Late stage BP I (n=21) F P
(n=25) (n=20) Mean + SD (uncorrected
Mean + SD Mean + SD for number of
regions)
Anterior CC 0.00062 + 0.0001 0.00061 + 0.00008 | 0.00056 + 0.00008 248 | .09
Mid-anterior CC 0.00032 + 0.00005 | 0.00033 +0.00007 | 0.00028 + 0.00005 339 | .04
Central CC 0.00031 + 0.00004 | 0.00032 +0.00005 | 0.00029 + 0.00005 156 | .21
Mid-posterior CC | 0.0003 + 0.00007 0.0003 + 0.00005 0.00027 + 0.00005 165 | .19
Posterior CC 0.00067 + 0.0001 0.00069 + 0.0001 0.00059 + 0.00007 6.05 | ooa*

Page 16

*
significant difference in the ANOVA (Late stage BP | < Healthy controls; Late stage BP | < Early stage BP I; the difference is still significant after

Bonferroni correction for multiple comparison, see text for details).
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