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Previous structural neuroimaging studies of bipolar disorder have
reported con£icting ¢ndings in limbic structures. Medication heterogeneity of patient samples may have contributed to these inconsistencies. Using structural magnetic resonance imaging we assessed whether lithium treatment was associated with di¡erences
in amygdala and hippocampal volumes in a sample of bipolar adults.
A total of 49 magnetic resonance imaging scans were collected
from patients who were currently treated with or without

lithium. Amygdala and hippocampal volumes were analyzed using
tensor-based morphometry. Statistical between-group comparisons of deformation maps showed that patients treated with
lithium exhibited signi¢cantly increased volumes of the amygdala
and hippocampus compared with patients who were not taking
lithium. Our ¢ndings may help to explain previous inconsistencies
c 2008
in the bipolar literature. NeuroReport 19:221^224 
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Introduction
The amygdala and hippocampus are key components of
emotional regulatory networks in the brain. Previous
structural neuroimaging studies have reported volumetric
increases [1–3], decreases [4,5] or no difference [6] in the
amygdala in bipolar patients relative to healthy participants,
with similar inconsistencies reported for the hippocampus
[1–5,7,8].
One possible cause for discrepancies in findings is the
effects of psychotropic medications on grey matter. Lithium,
a commonly prescribed mood stabilizer used in the
treatment of bipolar disorder, has been associated with
increases in cortical grey matter in both cross-sectional [9]
and longitudinal [10] neuroimaging studies. Thus, use of
this medication may account for increased volume of the
amygdala and hippocampus observed in some adult bipolar
studies.
To examine this, we employed tensor-based morphometry (TBM) in conjunction with magnetic resonance imaging
(MRI) to assess whether amygdala and hippocampus
volumes were increased in lithium-treated bipolar patients.

Methods
The study protocol was approved by the Institutional
Review Board at UCLA and the VA Greater Los Angeles
Healthcare System. Each participant gave written informed

consent. Participants with bipolar I disorder were recruited
through the UCLA Mood Disorders Clinic, the bipolar
Disorders Clinic of the Veterans Affairs Greater Los Angeles
Health Care System, and inpatient units of both hospitals.
Participants enrolled in other research projects of the UCLA
Mood Disorders Research Program were also invited to
participate. Patients were evaluated using the Structured
Clinical Interview for Diagnostic and Statistical Manual of
Mental Disorders-IV to confirm an accurate diagnosis.
Illness duration and medication information were obtained
by patient self-report and from medical records when
available. Exclusion criteria for all participants included
other Axis I comorbidities, left handedness, hypertension,
neurologic illness, metal implants and a history of skull
fracture or head trauma with loss of consciousness for more
than 5 min. Participants were designated as lithium-treated
if the participant was treated with lithium at the time of
scanning, and lithium-free if the participant was not taking
lithium at the time of scanning.
A total of 49 scans were obtained (37 lithium-free,
12 lithium-treated). Lithium-free participants (37.5710.7
years; 57% women) had been ill for 17.8712.8 years,
had a prior history of 5.274.7 manic episodes and
7.6712.5 depressive episodes. Forty-six percent of these
participants were euthymic, 32% were depressed and
22% were manic at the time of scanning and were taking
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one or more of the following medications: antipsychotics
(n¼4), selective serotonin reuptake inhibitors (n¼12),
benzodiazepines (n¼4), anticonvulsants (n¼25). Lithiumtreated participants (42.079.1 years; 8% women) were ill
for 15.0711.9 years, and had a prior history of 8.378.8
manic episodes and 6.374.5 depressive episodes. Fiftyeight percent of these participants were euthymic, 17%
were depressed, and 25% were manic at the time of
scanning and were taking one or more of the following
medications: benzodiazepines (n¼1), anticonvulsants
(n¼4). The two groups did not differ significantly in terms
of age (P¼0.19), illness duration (P¼0.51), prior number
of manias (P¼0.18) and prior number of depressions
(P¼0.77).
Structural neuroimaging was performed on a 3-T MRI
scanner (General Electric, Waukesha, Wisconsin, USA).
A 3-plane gradient echo scan was acquired for alignment
and localization, followed by a shimming procedure to
improve magnetic field homogeneity. A T-1 weighted
three-dimensional volume scan (SPGR, T1 500/TE 3.7/
FOV 20/1 NEX) was obtained for each participant that
spanned the entire brain, with a slice thickness of 1.2 mm.
Precautions were taken to minimize participant motion
during scanning.
Automated extraction of brain tissue was performed
using the Brainsuite software package [11], following which
manual corrections were made by an image analyst blind to
participant characteristics. All scans were then corrected for
intensity inhomogeneity [12] and spatially smoothed using
a 1.5-mm full-width at half-maximum Gaussian kernel.
Each brain was then linearly transformed to the International Consortium for Brain Mapping-27 brain template
using a 9-parameter transformation matrix to maximize the
mutual information between the participant’s image and the
standard template.
TBM was used to measure differences in amygdalar and
hippocampal volumes between groups. This technique
derives regional brain volumes from the amount of warping
needed to match each patient’s subcortical structures
to that of a common template [13]. This template was the
average of 27 T1-weighted MRI acquisitions from a single
healthy participant, aligned within the stereotaxic space of
the International Consortium for Brain Mapping [14].
Rather than using a multiparticipant average as a template
in this deformation, we preferred registration to a single
participant’s image given the improved contrast and better
spatial resolution. Template optimization for TBM, however,
is the subject of further on-going study [15]. For each
individual, this warping was encoded in a deformation

map with expansion or contraction encoded at every voxel
(sometimes called the ‘Jacobian determinant’). Values less
than 1 indicated volume decreases in the patient relative to
the template, whereas values greater than 1 indicated
volume increases. Overall scaling of these deformation
maps was removed and retained for use as a covariate in
subsequent statistical analyses to control for total brain
volume.
Using the deformation maps, group differences in the
volume of the amygdala and hippocampus were obtained
by first averaging across point values contained within the
amygdala and hippocampus, manually defined on the
template brain by a trained neuroanatomist. Regional
averages were then entered into a second-level statistical
analysis in SAS (PROC mixed SAS, Version 8.1, SAS
Institute Inc., Cary, North Carolina, USA) to predict volume
difference as a function of lithium status, controlling for age,
sex, mood state and total brain scale. As nine patients were
scanned in two different mood states, within-subject
variability was accounted for using a mixed-effects model,
with subject modeled as a random effect, nested within
treatment group. Treatment was modeled as a betweensubjects factor.
Spearman rank correlation was used to examine the
effects of specific clinical variables on the subcortical
volumes across patients within lithium-treated and
lithium-free bipolar subgroups.

Results
Global brain scaling factors were not significantly different
between groups (P¼0.23). Lithium-treated patients, however, showed significantly greater total amygdala
(P¼0.0258) and hippocampal volumes (Po0.0084) compared with lithium-free patients (Table 1) [16]. Both left
(P¼0.0356) and right (P¼0.0053) hippocampus were found
to be significantly larger in lithium-treated patients, whereas
only the left amygdala was significantly larger in lithiumtreated versus lithium-free patients (P¼0.0353; Fig. 1). These
findings remained significant even after covarying for age,
sex, total brain scaling and mood state.
No significant correlations were found between amygdala
and hippocampus volumes and illness duration, prior
number of manias or prior number of depressions (P40.2).

Discussion
We found significant increases in the volume of the
amygdala and hippocampus among bipolar patients treated

Table 1 Regional brain volumes in patients with bipolar disorder treated with and without lithium medication
Lithium-free bipolar patients
Brain region
Bilateral amygdala
Left amygdala
Right amygdala
Bilateral hippocampus
Left hippocampus
Right hippocampus

3

Lithium-treated bipolar patients

cm (SE)

Mean deformation

cm3 (SE)

Mean deformation

% di¡erence

P

4.04 (0.02)
2.09 (0.02)
1.95 (0.01)
6.29 (0.03)
3.04 (0.02)
3.24 (0.01)

1.0279 (0.005600)
1.0496 (0.008310)
1.0049 (0.005551)
1.0614 (0.005516)
1.0697 (0.007836)
1.0534 (0.004752)

4.16 (0.04)
2.17 (0.03)
1.98 (0.02)
6.49 (0.06)
3.15 (0.04)
3.33 (0.03)

1.0570 (0.010310)
1.0902 (0.015250)
1.0216 (0.010230)
1.0961 (0.010350)
1.1079 (0.014430)
1.0830 (0.008926)

2.75
3.72
1.63
3.17
3.45
2.73

0.023
0.035
0.163
0.008
0.036
0.005

Mean deformation, average across point values contained within the amygdala and hippocampus manually de¢ned on the template brain by a trained
neuroanatomist; cm3, regional estimated group mean volume obtained by multiplying the mean deformation by regional brain volume of the template
(as in Ref. [16]); SE, standard error; P, signi¢cance calculated using a linear mixed model, with age, sex and brain scale as controlling variables.
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Fig. 1 Amygdala and hippocampus volumes in bipolar patients treated
with and without lithium. Volumes are reported in terms of deformation
values, which indicate amount of contraction or expansion that is required to match each patient’s subcortical structure to a common template. Signi¢cant group di¡erences in mean regional deformations reveal
group di¡erences in hippocampal and amygdala volume after covarying
for age, sex, mood state and total brain scaling. *Po0.05.

with lithium compared with bipolar patients who were
lithium-free. Current lithium medication was associated
with volume increases of both the left and right hippocampus, whereas volume increases of the amygdala were
constrained to the left side only.
Our finding of lithium-associated increases in left
amygdala volume is consistent with a recent study of
bipolar youths that assessed the effects of this medication
[17]. To our knowledge, this study is the first to
reveal significant lithium effects on amygdala volume in
an adult sample. Our finding of bilateral increases in
hippocampal volume is consistent with results from a
recent study examining lithium effects in an adult bipolar
sample [7].
The current study’s findings may help to explain some
discrepancies in the structural neuroimaging literature of
bipolar disorder, which has reported increases [1–3] and
decreases [4,5] in amygdala volumes of patients compared
with healthy participants. Although some of these reports
did not include medication information for their bipolar
samples [2], those that did yielded findings consistent with
the volumetric differences observed here. For example,
Altshuler et al. [1] and Brambilla et al. [3], who found
increases in amygdala volume in patients compared with
healthy participants included mostly lithium-treated subjects in their patient samples, whereas Blumberg et al. [4,5]
who found volumetric decreases in this structure among
patients relative to healthy participants included mostly
subjects who were lithium-free. Moreover, studies of
lithium-naive pediatric [17] and first-episode bipolar patients
[18] have more consistently shown amygdala volume to be
reduced in patients compared with healthy age-matched
controls. Thus, our findings, taken in context with previous
studies suggest current lithium exposure may contribute to
increased amygdala volumes in studies of bipolar adults.
Similar associations can also be seen between medication
characteristics and hippocampal findings. Specifically,
groups that reported increases [8] or no difference [1,3,7]
in hippocampal volumes among patients versus healthy
participants have sampled from higher proportions of

lithium-treated patients whereas groups reporting volume
decreases included mostly patients who were lithium-free
[4,5].
In this study, no significant correlations were seen
between subcortical volumes and illness duration, prior
number of manias or prior number of depressions. It
remains possible that the association between prior manias
and subcortical volumes found by some studies [19] was
driven in part by the effects of lithium. This medication
remains a popular first line of treatment for acute mania
[20]. Thus, a higher number of manias may correlate with
increased volume of the amygdala owing to repeated
exposure to this medication. Future studies however,
involving first episode and multi-episode bipolar individuals treated with and without lithium are needed to help
clarify any differential effects of these factors on subcortical
brain volumes.
Although the exact mechanisms of lithium medication
remain unknown, several human and animal studies
suggest that lithium works at the molecular level to boost
various factors, such as bcl-2 [21] and brain-derived
neurotrophic factor [22] which help to protect against
stress-induced reductions in neuronal integrity [23]. How
these changes may work to impact brain morphology and
stabilize mood is not yet known.
Results of this study should be interpreted in light of
several methodological limitations. First, because this study
was not designed to examine the effects of lithium on brain
structure, the number of patients in the lithium-treated
sample was small. Second, increased volume of the
amygdala and hippocampus among lithium-treated patients
could be the result of having a higher proportion of male
patients in the lithium-treated sample. We however consider
this possibility unlikely because both sex and total brain
scale were included as covariates in our statistical analysis.
Third, patients in the lithium-treated group were older than
patients in the lithium-free group. Such a difference in age is
unlikely to have contributed to our findings of increased
subcortical volumes in lithium-treated patients, because
volumes of medial-temporal brain regions have been found
to decline with age [24]. Age however was included as a
covariate in our statistical model to control for any such
effects. Fourth, many of our patients were taking other
medications, of which the long and short-term effects on
brain structure are not known. In particular, much of our
lithium-free sample was taking valproic acid at the time of
scanning. Thus, a larger volume of the amygdala and
hippocampus in lithium-treated patients could potentially
be driven by a valproic-acid-induced shrinkage of these
structures in the lithium-free sample. We however consider
this possibility unlikely in light of research showing valproic
acid to be neuroprotective [25]. Fifth, it is unknown whether
patients in our lithium-free sample had taken this medication in the past, although if they had, that may have worked
against detecting the differences reported here. Finally,
because this study did not include a healthy comparison
group, it cannot be determined here whether lithium-treated
patients had a larger than normal amygdala and hippocampus (i.e. compared with healthy control participants), or
whether the volume of these structures in lithium-free
patients were smaller than normal. Future studies that
incorporate a healthy comparison group, as well as a group
of medication-naive bipolar patients would be able to assess
the direction of volumetric change better.
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Conclusion
This study is the first to our knowledge to evaluate the
effects of lithium use on both amygdala and hippocampal
volumes in an adult bipolar sample. The limitations
imposed by the small sample size are clear and as such,
the current findings should be considered preliminary.
Nevertheless, our findings emphasize the need for future
studies of bipolar to control for this medication and suggest
that further research is needed to tease apart the effects of
bipolar illness from the effects medication on brain structure.
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