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Abstract

Up to 50% of bipolar disorder (BD) patients present a lifetime diagnosis of alcohol use disorders
(AUD). BD patients with comorbid AUD, even when in remission from the AUD, have a poorer
outcome and functional impairment than patients with BD alone. The neurobiological
abnormalities that potentially characterize this severe subgroup of BD patients are unknown. Our
goal was to investigate gray matter (GM) volume abnormalities in BD | patients with comorbid
AUD. Twenty-one BD-AUD patients, 21 BD-nonAUD BD patients, and 25 healthy controls (HC),
matched by age, gender, and handedness were studied. The BD-AUD patients were in remission
from AUD on average for 6.8 years. 3D SPGR MRIs (TR=25 ms, TE=5 ms, slice thickness=1.5
mm) were acquired from all subjects using a 1.5 T GE Signa Imaging System. We used an
optimized voxel-based morphometry protocol to compare GM volumes among the groups. BD-
AUD patients presented smaller GM volumes in the left medial frontal and the right anterior
cingulate gyri compared to BD-nonAUD patients. BDnon-AUD patients did not present GM
volume differences compared to HC. These findings provide evidence for an effect of comorbid

© 2011 Elsevier Ireland Ltd. All rights reserved.

Corresponding author and address for reprints: Prof. Jair C. Soares, M.D., Department of Psychiatry and Behavioral Sciences, UT
Houston Medical School. 1300 Moursund St, Houston, TX 77030. Phone: (713) 500-2507. Fax: (713) 500-2553.
jair.c.soares@uth.tmc.edu.

The other authors do not have any commercial associations that might pose a conflict of interest in connection with this manuscript.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Nery et al. Page 2

AUD on regional brain structure of BD | patients and warrant further research on neurobiological
aspects of this prevalent and severe comorbidity.
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Bipolar disorder; alcoholism; comorbidity; physiopathology; cerebral cortex; magnetic resonance
imaging

Bipolar disorder (BD) is a severe and debilitating psychiatric disorder, with unpredictable
course and high economical burden to society [8]. A substantial portion of patients with BD
(between 33 and 46%) also suffers from alcohol use disorders (AUD) [17,23]. The presence
of AUD is associated with a significant negative impact on the course of BD. BD patients
with comorbid AUD typically have a poorer treatment response, a greater number of
episodes and hospitalizations, a higher tendency to chronicity and disability, greater
impulsivity, and are more likely to attempt suicide in comparison to BD patients who have
never had AUD [5,11,28].

Surprisingly, in spite of the high prevalence and clinical significance of the comorbidity
between BD and AUD, the neurobiological abnormalities that may underlie the co-existence
of these two conditions have been poorly investigated. Regarding BD, extensive research
suggests that structural abnormalities in brain areas pertaining to a fronto-limbic circuit
underlie the mood and cognitive disturbance seen in that condition [25]. On the other hand,
AUD per seis also associated with structural brain changes, such as total brain shrinkage
and reduction in gray and white matter volumes, particularly in frontal lobes, which can be
partially reverted with abstinence [16,24]. However, even patients with long-term remitted
AUD present reductions in gray matter (GM) volumes of regional prefrontal areas that
regulate positive and negative reinforcement and decision-making [16,29]. These findings
suggest that structural brain changes associated with AUD may be persistent and may
potentially underlie the behaviors that characterize the compulsive drug seeking.

To the best of our knowledge, no study has investigated any structural brain abnormalities
that may exist in BD patients with comorbid AUD. Such a study would be particularly
important as it could help to disentangle in which brain regions there is any GM abnormality
that might be specific to BD with comorbid AUD and possibly underlie the worse clinical
features and outcome of this comorbidity. Thus, our objective in this study was to evaluate
whether BD patients with comorbid AUD present specific GM abnormalities in comparison
to BD patients who never developed an AUD and to healthy controls (HC). Based on
previous report of decreased GM volumes of prefrontal areas in alcoholic patients [16,29],
we hypothesized that BD patients with comorbid AUD would present smaller GM volumes
in brain areas involved in mood regulation and cognitive control when compared to BD
patients without comorbid AUD and to HC.

The sample comprised 21 BD patients with comorbid AUD (BD-AUD group) (mean age
+S.D.=40.1£11.6 years; males: 33.3%), 21 BD patients without comorbid AUD (BD-
nonAUD group) (mean age+S.D.=40.5+£11.9 years; males: 23.8%) and 25 HC (mean age
+S.D.=40.9+10.6 years; males: 32%). The groups were matched by age, gender, ethnicity
and handedness. All the patients were on medication. Inclusion criteria for patients were a
DSM-IV diagnosis of BD type I, in any mood state and age of 18 to 99 years. BD-AUD
patients also met DSM-1V criteria for abuse or dependence of alcohol, and had to be in
remission from AUD for at least 6 months. Exclusion criteria for all BD subjects were the
presence of currentdrug/alcohol abuse or dependence or any other Axis | diagnosis, except a
lifetime diagnosis of any anxiety disorders. The exclusion criteria for HC were the presence
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of any past or current Axis | psychiatric disorder, presence of significant neurological or
medical problems and presence of any Axis | diagnosis in first-degree relatives. Additional
exclusion criteria for all BD subjects and HC were the presence of significant medical
problems (such as hypertension, diabetes mellitus, renal or active liver disease) or
neurological disorders (such as epilepsy, stroke, dyslexia or head trauma with loss of
consciousness for more than 1 hour). All of the patients and HC were residents of the San
Antonio metropolitan area or surrounding cities. The subjects were recruited through local
media advertisements and flyers posted in the medical center. We conducted all
investigation in accordance with the Declaration of Helsinki, and the local institutional
review board approved the study. After complete description of the study to the subjects,
written informed consent was obtained.

The diagnostic assessments were conducted using the Structured Clinical Interview for Axis
| DSM-1V Disorders (SCID), versions for patients and non-patients [7]. The 21-item
Hamilton Depression Rating Scale (HDRS) and the Young Mania Rating Scale (YMRS)
were administered to all BD patients and HC to assess severity of mood symptoms [10,32].

Brain scans were performed on a Philips 1.5 T MR system (Philips Medical System,
Andover, MA). Images were collected by means of an axial 3-dimensional T1 weighted
field fast echo sequence (field of view: 256 mm; view matrix: 256x256; repetition time, 24
msec: echo time: 5 msec; flip angle: 40 degree, slice thickness: 1 mm).

Image preprocessing was performed using SPM2 software (Wellcome Department of
Imaging Neuroscience, London, United Kingdom) running under Matlab 7.1.0 (MathWorks,
Natick, MA) and following the optimized voxel-based morphometry (VBM) protocol [9]. A
local T1 template was created by averaging all the images of the 67 participants using an
optimized VBM script (http://dbm.neuro.uni-jena.de/vbm.html). The original images were
analyzed using this local template as follows: the extracted segmented images were
normalized with the own gray matter (GM) template, and deformation parameters were
applied to the original images, followed by a second segmentation step in stereotactic space.
This procedure automatically removed non-brain tissues including scalp tissue, skull and
dural venous sinus. Finally, the segmented images were modulated by Jacobian determinants
derived from the spatial normalization. Images were obtained in 1x1x1 mm resolution by
the optimized VBM script. These images were smoothed with a 12 mm Gaussian filter.

For image analysis, we used SPM2 software to implement a General Linear Model. Age and
sex were treated as covariates because both of them may affect brain structure [9,26]. Total
GM volumes were calculated by the optimized VBM script and treated as a nuisance
variable in SPM2. We performed two different 2-group comparisons: BD-AUD patients
versus BD-nonAUD patients; BD-nonAUD patients versus HC. The results set voxel values
for each contrast constituted an SPM t statistic (SPM {t}). The suprathreshold was set at
Puncorrected < 0.001 with an extent threshold & value > 50 voxels in the whole brain analysis.
Based on previous literature, we selected three a priori regions of interest (ROIs):
ventromedial prefrontal cortex, dorsolateral prefrontal cortex, and anterior cingulate cortex.
Then, we corrected the volumes of ROIs using the small volume correction with family wise
error (FWE) in SPM to confirm our hypothesis. We identified these regions using automated
anatomical labeling [31] via WFU PickAtlas version 2 [15]. All results were reported as the
MNI coordinates. Statistical comparisons of the demographic and clinical characteristics of
the groups were performed using the SPSS for Windows statistical software, version 14.0
(SPSS, Inc., Chicago, IL).
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The 3 groups were matched by age (ANOVA, F (2 72=0.03, p=0.97), gender (Chi square test,
p=0.76), ethnicity (Chi square, p=0.91) and handedness (Chi square, p=0.42). Details of
demographic and clinical characteristics of the sample are displayed in Table 1.

Of the BD-AUD patients, 11 (52.4%) presented an alcohol abuse diagnosis and 10 (47.6%)
presented an alcohol dependence diagnosis. In the BD-AUD group, the mean age of onset of
AUD was 23.6+9.4 years (range: 13 to 48 y), the mean length of alcohol use was 8.1+10.6
years (range: 1 to 44 y) and the mean time in remission from AUD was 6.8+7.7 years
(range: 0.5 to 25 y). Of the BD-nonAUD patients, two (9.5%) presented a diagnosis of past
cocaine abuse and past stimulant abuse. Because their drug use disorder was of mild
severity, they were abstinent for more than 6 months, and we were mainly interested in
comorbid AUD effects, we decided to keep them in the sample.

The BD-AUD patients presented smaller GM volumes of the left medial frontal gyrus (MNI
coordinates of the voxel of maximum statistical significance: x=12, y=12, z=48, t=3.48,
k=167, Prywecorrected=0-01) (Figure 1) and right anterior cingulate gyrus (x=—8, y=19, z=24,
t=3.48, k=171, Pryrcorrecteg=0-01) (Figure 2) compared to the BD-nonAUD patients. There
were no ROIs with suprathreshold clusters between the BD-nonAUD patients and HC in the
whole brain analysis.

In the present study, BD-AUD patients presented smaller regional GM volumes of the left
medial frontal and right anterior cingulate gyri compared to BD-nonAUD patients. These
brain regions are frontal lobe subareas that have extensive intrinsic and extrinsic connections
with other prefrontal areas and high-order association regions, such as the orbitofrontal
cortex, temporal and parietal lobe, and subcortical structures [20]. The prefrontal cortex is
functionally responsible for the temporal organization of behavior, and plays an important
role in the inhibitory control of inappropriate behaviors, including internal and external
sensory-driven compulsive behaviors, including addiction [1]. It has been proposed that
addictive behaviors are characterized by decreased “top-down” inhibitory control in
prefrontal brain areas [13]. We speculate that GM decrements in prefrontal areas, as seen in
this study, may represent a structural correlate of decreased inhibitory control that
distinguishes BD-AUD patients from BD patients who never develop AUD.

Our finding of smaller GM volumes in the left medial frontal gyrus is consistent with our
previous report of neurochemical abnormalities in the left dorsolateral prefrontal cortex of
BD-AUD patients detected by magnetic resonance spectroscopy [18]. In that study, using a
sample that partially overlaps the present sample, we found significantly lower Glu+Gln and
glutamate levels in BD-AUD patients compared to BD-nonAUD patients[18]. Both findings
add to the evidence that brain abnormalities exist in the prefrontal cortex and may
characterize BD patients who develop comorbid AUD.

It is noteworthy that our BD-AUD patients were in remission from their AUD on average
for 6.8 years, which excludes a current effect of alcohol on GM volumes. Our findings may
represent a long-term effect of heavy alcohol drinking. For instance, patients with primary
AUD who have been in long-term remission from alcohol misuse also present decreased
GM volumes in brain areas functionally responsible for drug seeking behaviors [14,29].
Alternatively, it is possible that reduced frontal GM volumes may represent a vulnerability
factor for AUD, as reduced GM volumes of the superior frontal gyri have been found in
alcohol-naive individuals at high risk for developing AUD [2]. We should note that these are
speculative explanations for our findings, as a prospective study would be needed to clarify
the temporal relationships between heavy alcohol drinking and brain abnormalities in BD.

It is also noteworthy that 48% of the BD-AUD patients also presented an additional past
drug use disorder comorbidity, which raises issues about how specific our findings are
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regarding effects of alcohol rather than substances in general. Studies in primary cannabis
use disorder patients have not consistently found GM changes associated with cannabis
misuse [3,22]. On the other hand, studies in primary cocaine use disorder patients describe
decreased GM volumes in total prefrontal cortex [6], and in dorsolateral prefrontal cortex
[19]. It should be noted that the presence of cocaine use disorders in our sample was very
small and of mild severity, decreasing the possibility that our findings are confounded by
their presence. However, we cannot completely exclude the possibility that the additional
drug use disorders contributed, at least to some extent, to the GM decrements seen in our
BD-AUD patients.

BD-nonAUD patients presented no differences in regional GM reductions compared to HC,
which is different than reported by previous studies. Regional GM reductions in BD are still
a matter of controversy. While a region-of-interest based meta-analysis found no evidence
for robust gray matter abnormalities [12], a recent voxelwise meta-analysis of VBM studies
in BD patients found that only two regions are consistently reduced across studies, i.e., the
left anterior cingulate and the right anterior insula [4]. Differences in sample characteristics
(i.e., lithium effects on GM volumes, number of episodes, length of illness), or in VBM
techniques (i.e., optimized versus traditional protocol, smoothing or statistical threshold
methods) have all been proposed as explanations for the variation in findings across studies
[4] and may also potentially explain the differences between our and previous findings.

Our findings also have to be considered at the light of the heterogeneity of our sample. For
example, 9 of the BD-AUD patients and 3 of the BD-nonAUD patients presented a lifetime
history of psychotic symptoms. Few neuroimaging studies suggest that, in BD patients,
lifetime history of hallucinations and delusions is associated with reduced GM density in the
left middle temporal lobe [27] and the left dorsolateral prefrontal cortex [30]. While the
brain areas identified in our study do not closely correspond to the areas associated with
psychasis, we cannot exclude the possibility that history of psychosis may affect these
regions.

Some limitations of this study should be considered. The cross-sectional design cannot
exclude the possibility that the differences in GM volumes between BD-AUD and BD-
nonAUD patients antecede the onset of alcohol problems and potentially predispose BD
patients to develop AUD. Because this was an exploratory study with relatively small
sample size, we could not compare subgroups of BD-AUD patients with adequate protection
against type | errors. Lastly, exposure to psychiatric medication represents a confounding
factor. Current use of lithium and valproate have been associated with increased GM
volumes in key brain regions involved in BD pathophysiology, including the anterior
cingulate gyrus, amygdala and hippocampus [20]. With these limitations in mind, our results
should be considered preliminary until replicated by further studies.

This study also has considerable strengths. This is the first study to report effects of
comorbid AUD on GM volumes of BD patients. Moreover, our sample was well
characterized clinically and reasonably well matched for demographic and clinical
characteristics of BD, also minimizing the confounding effects of these variables. Our
results suggest that effects of AUD may be detected in BD patients even after long-term
remission from the alcohol misuse. These results may have general implications for
structural neuroimaging studies in BD. Our findings suggest that potential confounding
effects of comorbid AUD should be considered when planning or analyzing neuroimaging
studies in BD.

In conclusion, we found that a prior AUD diagnosis may be associated with smaller GM
volumes in the left medial frontal and right anterior cingulate gyri of BD | patients. These
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findings are preliminary, but they warrant further investigation on neurobiological aspects of
BD comorbid with AUD, a prevalent, severe and difficult-to-treat condition.
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Figure 1.

The BD-AUD patients presented small GM volumes of the left medial frontal gyrus
compared to the BD-nonAUD patients. The cross-hair represents the coordinate with
maximum threshold.
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Figure2.

The BD-AUD patients presented small GM volumes of the right anterior cingulate gyrus
compared to the BD-nonAUD patients. The cross-hair represents the coordinate with
maximum threshold.
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Table 1

Demographic and clinical characteristics of the sample

Characteristics BD-AUD patients(n=21) BD-nonAUD patients(n=21) HC (n=25) Pvalue
Age, y (mean+S.D.) 40.1+11.6 40.5+11.9 40.9+10.6  0.97
Gender: males (%) 7 (33.3) 5(23.8) 8(32) 0.76
Ethnicity: Caucasian (%) 13 (61.9) 15 (71.4) 15 (60) 0.91
Handedness: right-handed (%) 20(95.2) 20 (95.2) 23(92) 0.42
Mood state, (%) 0.94

Euthymic 8(38.1) 8(38.1)

Depressed 10 (47.6) 9 (42.9)

Manic/hypomanic/mixed 3(14.3) 4 (19)
HDRS score (meantS.D.) 14.8+10.2 14.74£9.5 - 0.95
YMRS score (mean+S.D.) 5.1+5.7 9.8+9.4 - 0.13
Age at onset of BD, y (mean£S.D.) 18.2+7.2 20.0+10.1 - 0.9
Length of BD illness, y (mean+S.D.) 21.6+13.2 20.6+13.9 - 0.65
Number of hospitalizations, (mean+S.D.) 2.3+2.2 2.3+3.7 - 0.41
History of psychotic symptoms, (%) 9 (42.9) 3(14.3) - 0.04
Comorbid anxiety disorders, (%) 13 (61.9) 15 (71.4) - 0.74

Panic disorder, (%) 8(38.1) 8(38.1) -

Agoraphobia without panic disorder, (%) 6 (24) 7 (28) -

Specific phobia, (%) 4(19) 5(23.8) -

Social phobia, (%) 4(19) 3(14.3) -

Obsessive-compulsive disorder, (%) 3(14.3) 3(14.3) -

Generalized anxiety disorder, (%) 3(14.3) 7(33.3) -

Posttraumatic stress disorder, (%) 3(14.3) 6 (28.6) -
Comorbid substance use disorder (%) 10 (47.6) 2(9.5) - 0.02

Marijuana, (%) 7 (33.3) 0 -

Cocaine, (%) 4(19) 1(4.8) -

Stimulants, (%) 3(14.3) 1(4.8) -

Opioids, (%) 1(4.8) 0 -
Medication in use, (%)

Lithium 2(9.5) 0 - 0.49

Anticonvulsants 9 (42.9) 10 (47.6) - 1.0

Atypical antipsychotics 9 (42.9) 6 (28.6) - 0.52

Antidepressants 8(38.1) 8(38.1) - 1.0

Benzodiazepines 4(19) 2 (9.5) - 0.66
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Abbreviations: BD-AUD: bipolar disorder with comorbid alcohol use disorders; BD-nonAUD: bipolar disorder without comorbid alcohol use

disorders; HC: healthy controls; S.D.: standard deviation; HDRS: Hamilton Depression Rating Scale; YMRS: Young Mania Rating Scale
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