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Objective: Bipolar disorder (BD) is highly heritable. The present study aimed at identifying brain
morphometric features that could represent markers of BD vulnerability in non-bipolar relatives of
bipolar patients.
Methods: In the present study, structural magnetic resonance imaging brain scans were acquired
from a total of 93 subjects, including 31 patients with BD, 31 non-bipolar relatives of BD patients,
and 31 healthy controls. Volumetric measurements of the anterior cingulate cortex (ACC), lateral
ventricles, amygdala, and hippocampus were completed using the automated software FreeSurfer.
Results: Analysis of covariance (with age, gender, and intracranial volume as covariates) indicated
smaller left ACC volumes in unaffected relatives as compared to healthy controls and BD patients (p =
0.004 and p = 0.037, respectively). No additional statistically significant differences were detected for
other brain structures.
Conclusion: Our findings suggest smaller left ACC volume as a viable biomarker candidate for BD.
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Introduction
Bipolar disorder (BD) is highly heritable.1 The expression
of specific susceptibility genes may produce morphological and functional brain abnormalities before the onset of
clinically detectable symptoms.2 Therefore, imaging of
brain areas involved in the regulation of emotions in nonbipolar relatives (NB) of bipolar patients may be useful
to identify potential biomarkers of increased susceptibility
to BD.3
The goal of this study was to compare the volumes of
key brain regions in BD patients, NB of bipolar patients,
and healthy controls (HC) without family history of mental
disorder. Since previous neuroimaging findings point to
the involvement of the anterior cingulate cortex (ACC) in
the pathophysiology of BD,4 we hypothesized that NB
would present a smaller anterior cingulate volumes as
compared to HC.

Methods
Participants
The subjects included in this study were recruited from
the inpatient and outpatient units of the Department of
Psychiatry at the University of Texas Health Science
Center at San Antonio (UTHSCSA) and the University of
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North Carolina at Chapel Hill (UNC), as well as through
radio advertisements.
The sample consisted of 31 BD patients (12 males,
19 females, age [mean 6 standard deviation] = 34.16
12.8 years), 31 non-bipolar first-degree relatives of bipolar
patients (8 males, 23 females, age = 47.1610.7 years),
and 31 HC (7 males, 24 females, age = 39.569.9 years).
The three groups were similar with respect to demographic characteristics, except for age, which was higher
in NB as compared to BD (p o 0.001) and HC (p = 0.048).
For all groups, the following inclusion criteria were
adopted: age X18 years, no family history of hereditary
neurological disorder, and absence of current neurological disease or other major medical problems. All subjects
meeting DSM-IV criteria for current substance abuse or
dependence or who had a positive urine drug screen were
excluded.
The Structured Clinical Interview for DSM-IV Axis I
Disorders (SCID)5 was administered to all participants.
All patients met DSM-IV criteria for BD (30 patients had
BD type I and one patient met criteria for BD type II).
As for mood state, 17 BD patients were euthymic, nine
were depressed, two were manic, two were hypomanic,
and one was in a mixed state. At the time of the MRI
scan, only seven patients were receiving treatment with
psychotropics: one was on an antidepressant, three on
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anticonvulsants, one on an atypical antipsychotic, and
two on a combination of lithium, antidepressants, and
atypical antipsychotics. However, 28 (90.3%) BD patients
had previously used at least one psychotropic medication.
NB were characterized as first-degree relatives (parents,
siblings, or offspring) of patients with BD who did not meet
lifetime DSM-IV criteria for BD or psychotic disorders.
However, other axis I disorders were not an exclusion
criteria for NB in order to avoid the inclusion of an unusually
resilient group of NB. Nine NB met lifetime DSM-IV
diagnostic criteria for major depressive disorder, one for
alcohol abuse, one for adjustment disorder, and one for
anxiety disorder.
This study was approved by the respective Institutional
Review Boards. Informed consent was obtained from all
participants.

Statistical analysis

Data acquisition and processing

Results

Magnetic resonance imaging data were collected using
similar protocols at UTHSCSA and UNC. However, some
technical distinctions should be noted. At UTHSCSA,
images were acquired on two different scanners: in the
first, a Siemens 3 T Trio scanner, images were acquired
using an axial, three-dimensional, T1 weighted MP-RAGE
(Magnetization Prepared Rapid Acquisition gradient echo)
sequence (repetition time 22 msec; echo time 3 msec; flip
angle 13 degrees, slice thickness 0.8 mm); in the second, a
Phillips 1.5 T Intera scanner, images were acquired using
an axial, three-dimensional, T1 weighted SPGR (spoiled
gradient recalled echo) sequence (repetition time 24 msec;
echo time 5 msec; flip angle 40 degrees, slice thickness
1 mm). At UNC, images were collected on a Siemens 3 T
Allegra scanner using an axial, three-dimensional, T1
weighted MP-RAGE sequence (repetition time 17.5 msec;
echo time 4 msec; flip angle 8 degrees, slice thickness
0.8 mm).
The volumes of the ACC, amygdala, hippocampus, and
lateral ventricles were obtained using automated parcellation on the FreeSurfer software version 4.5.0.6 Automatic correction of topological defects was followed by
visual inspection and manual correction of inaccurate
segmentation for all subjects. The methods used to obtain
the volumetric measurements have been described in
detail elsewhere.6

Consistent with our specific hypothesis, left ACC volumes
were smaller in NB compared to HC (Sidak, p = 0.004).
The same was noted for the comparison between NB and
BD, with smaller left ACC volumes in NB (Sidak, p =
0.037). No significant difference was found between HC
and BD patients. Volumetric analysis of the right ACC,
hippocampus, amygdala, and lateral ventricles failed to
detect differences between the BD, NB, and HC groups.
The mean non-adjusted region of interest (ROI) volumes
and standard deviations for all groups are presented in
Table 1.

Data analyses were performed using SPSS version 19.
The groups were compared regarding age, and years of
formal education using analysis of variance, and regarding sex, race/ethnic group, study center, and scanner
using exact chi-square tests. Regional brain volume data
were analyzed using mixed model analysis of covariance.
All these models included group (HC, BD patients, and
NB) and scanner (1.5T San Antonio, 3T San Antonio, 3T
Chapel Hill) as fixed factors, and subject, age, sex, and
total intracranial volume as fixed covariates. ACC volume
comprised the a priori variable of primary interest.
Pairwise contrasts between adjusted group means were
tested with the Dunn-Sidak procedure on an a priori
basis to limit Type I errors, and adjusted p-values are
reported.

Discussion
The concept of endophenotype presumes the occurrence
of certain biological and behavioral markers not only in
patients affected by the disease in question, but also in
unaffected individuals at high genetic risk for the same
condition.2 Our analysis showed smaller left ACC volumes
in NB compared to HC and BD patients. No significant
volume differences were detected in right ACC, hippocampus, amygdala, or lateral ventricles.
Involvement of the ACC in the pathogenesis of BD
has received considerable attention.7 For example, ACC
volume and activity have been previously described as
being decreased in BD.4,8 Moreover, postmortem studies

Table 1 Anatomical volumes (mm3) of selected structures in BD, NB, and HC
Structure
Left anterior cingulate
Right anterior cingulate
Left amygdala
Right amygdala
Left hippocampus
Right hippocampus
Left lateral ventricle
Right lateral ventricle

HC
(n=31)

BD patients
(n=31)

NB
(n=31)

4,1726122
4,1306138
1,505628
1,601629
4,125659
4,186661
7,4036742
7,7636826

4,1236162
3,7196183
1,550637
1,640638
4,155678
4,181680
8,6766981
8,68661,094

3,5516145*
3,9866163
1,493633
1,571634
4,053670
4,140672
6,2536878
6,0356978

BD = participants with bipolar disorder; HC = healthy controls; NB = non-bipolar relatives of BD.
* Significant differences were observed between HC and NB (Sidak, p = 0.004) and between BD and NB (Sidak, p = 0.037). No significant
differences were found across groups with regard to the other structures analyzed.
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point to the presence of cytoarchitectural abnormalities in
this area, including reduction in glial number.9
In contrast, few studies have specifically assessed
ACC morphometry in NB, with inconsistent findings. One
group demonstrated associations between high genetic
risk for BD and decreased right ACC volumes, but no
association was found with regard to left ACC.2 Another
group examined the subgenual cingulate cortex among
unaffected and affected offspring of BD patients, as well
as sporadic BD patients and HC, and failed to demonstrate any differences across groups.10,11 Regarding other
brain structures, an isolated finding of smaller right hippocampus among affected versus unaffected twins discordant for the diagnosis of BD has been described,12 but
several studies failed to identify significant differences
between unaffected relatives of BD patients and healthy
controls with respect to the amygdala, hippocampus, and
lateral ventricles (for a review, see Nery et al).3
Our findings must be interpreted with caution. Even
though we found smaller left ACC volumes among NB
compared to HC, no differences were found between
bipolar patients and HC. This finding could challenge
decreased ACC volume as an endophenotypic trait of BD.
However, medication effects might have contributed to
this lack of difference. Most of our BD patients reported
a history of treatment with mood stabilizers, which have
well-demonstrated neuroprotective properties and may,
therefore, cause increases in gray matter volumes.13
Furthermore, the lack of morphometric differences in the
amygdala and hippocampus of BD participants is partially
supported by previous literature findings, which describe
smaller, normal, or increased amygdala volumes, as well
as normal or smaller hippocampal volumes, in patients
with BD.14
Our study has some methodological limitations that
must be acknowledged. The small sample size may have
led to type II errors, which could explain the inability
to determine significant differences regarding the right
ACC and other brain regions in NB. In addition, the fact
that we analyzed a heterogeneous group of patients, with
different medication histories, may have neutralized some
of the putative findings among bipolar patients. Moreover,
there were age differences, with NB participants displaying higher mean age than the other two groups, and the
brain scans were obtained in two different centers. However, the inclusion of these potential confounders in the
statistical analysis did not suggest that these factors
impacted our results. Furthermore, the fact that some of
the NB also met criteria for lifetime unipolar depression
must be taken into consideration, since depression may
represent the initial presentation of BD. Nevertheless,
only one of these subjects was within the high-risk age
range to develop BD (15-40 years old).
In summary, our results suggest that smaller left ACC
volumes may represent an endophenotypic trait of BD.
These findings provide insight for future studies on genetic liability for BD and the expression of brain imaging
biomarkers. Further research focused on identifying underlying neural mechanisms responsible for psychosis, clinical
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expression, and their interaction with genetic factors are
critical to support advances in disease prevention and
development of new therapies.
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