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Functional neuroimaging studies have implicated
the hippocampus formation in the pathophysiol-
ogy of bipolar disorder, but findings from volu-
metric studies have been less consistent. The
authors aim to further investigate the existence of
volumetric abnormalities in the hippocampus of
individuals with bipolar disorder. In addition to
methodological inconsistencies, many previous
studies have been lacking clinical robustness with
respect to characterizing bipolar patients and
comparison subjects. Hence, the present study
matched the groups closely across a number of
demographic parameters. Using MRI, hippocam-
pal volumes of 24 bipolar patients were compared
to 24 sex-, age-, and education-matched compari-
son subjects, and these findings were further
investigated in relation to both illness and treat-
ment factors. A significantly larger (8.5%) right
hippocampus was seen in bipolar patients than in
comparison subjects, and this difference was not
associated with a history of psychosis, familial
illness, or lithium treatment, after controlling for
potential confounds. Patients reporting fewer
affective episodes did however have significantly
larger left hippocampus volumes than comparison
subjects. The authors found that the left hip-
pocampus was larger in a group of adult bipolar
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subjects relative to the healthy comparison group.
The reason for this is unclear, but in this sample,
it was not associated with family history, psy-
chotic features, or medication exposure. A nega-
tive association was found between left hippocam-
pal volume and number of episodes or duration
of illness, suggesting the hippocampus might be
larger in the early phase of bipolar disorder but
becomes smaller with time.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2010; 22:55-62)

euroimaging studies of adults with bipolar disor-
der have implicated a number of limbic and
paralimbic regions in the pathophysiology of this con-
dition.! Primary candidate regions have included the
hippocampus, caudate, putamen, thalamus, and amyg-
dala.” The hippocampus is one region in the brain that
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has received significant attention in mood disorder re-
search, and the highly plastic, stress sensitive hip-
pocampal complex may play a central role in mood
disorder.? Interest in hippocampal volume stems from
neuropsychological and neuropathological studies that
implicate this structure in the pathophysiology of bipo-
lar disorders. For instance, enlarged right hippocampal
volume is reportedly associated with poor neuropsy-
chological functioning in bipolar disorder,* and find-
ings from a neuropathological study have indicated a
reduction and dysgenesis of various neuronal cell lines
in entorhinal and hippocampal cortex of bipolar sub-
jects.”

Results of the published MRI volumetric studies of
hippocampus in bipolar disorder have been inconsis-
tent."® While one study found a trend for decreased
volume in the right hippocampus,” five studies did not
find any changes,®'* and three studies showed an in-
creased hippocampal size.*'*'* Some potential causes
for hippocampal volume changes include genetic vul-
nerability,' aberrant neurodevelopment process,*
number of episodes or illness duration,'®'” disease sub-
type,'® and medication effects.'>'® The confounding ef-
fects of sex”* have been considered as well. Given the
inconsistency in the literature, we concluded that there
was a need for further volumetric studies of the hip-
pocampus in bipolar disorder using high resolution
MRI, in which both confounding factors and determi-
nants of volumetric differences can be examined.

METHODS

Subjects

Eighteen women and six men who were 19-59 years
old (mean 38.2+11.0 years) with DSM-IV bipolar disor-
der I were recruited from the Sydney, Australia, Bipolar
Disorder Clinic, which is a secondary and tertiary re-
ferral service. Research psychiatrists made the diag-
noses using the Structured Clinical Interview for
DSM-IV (SCID-P) supplemented by a case note re-
view.?! Participants were considered to meet criteria for
bipolar disorder with psychosis if hallucinations
and/or delusions were present during at least one af-
fective episode. Subjects were excluded if they had a
history of ongoing substance misuse, neurological dis-
ease or closed-head injury or had an additional axis I or
axis II DSM-IV diagnosis, a medical disorder currently
necessitating treatment.
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At the time of MRI scanning, 12 participants were
taking lithium (mean daily dose 975.1£213.2 mg) with
a mean plasma level of 0.77+0.1 mmol/liter, with four
of these also receiving sodium valproate. Eight patients
were taking valproate, carbamazepine, or a combina-
tion of the two, and the remaining four patients were
not on medication. Fourteen patients had at least one
first-degree relative with an affective disorder, and 10
patients had no family history of affective illnesses.

Patients were compared with volunteers matched for
age (within 2 years), sex, handedness (all right-handed),
and years of education (mean 14.8+2.1 years) who were
recruited by local advertisement. Comparison subjects
were screened for a history of neurological or psychi-
atric disorder (with SCID-NP) or a family history of the
same problems. They underwent the same clinical as-
sessments and self-report questionnaires as patients im-
mediately prior to scanning. The Prince of Wales Hos-
pital and University of New South Wales research
ethics committees approved the study, and all partici-
pants provided written informed consent.

MRI

Imaging was conducted with a 1.5 Tesla GE scanner
(GE Medical Systems, Milwaukee, Wisconsin) for T1-
weighted 3D structural. A 2D scout mid-sagittal cut
for AC-PC plane alignment was first acquired. Then
3D structural MRI was acquired in coronal orienta-
tion using a Tl-weighted FSPGR sequence (TR/
TE=12.2/5.3; flip angle =250; matrix size =256 X256;
FOV =250%250 mm; no gap between), yielding coro-
nal slices 1.6 mm thick with an in-plane spatial reso-
lution of 0.976562X0.976562 mm/pixel.

Volume Measurement

Hippocampus measurements were carried out by one
trained rater (AJ) who was blinded to the subjects” sex,
age, and diagnosis. The periphery of the region of in-
terest on coronal T1-weighted slices was manually out-
lined using 6.1 Analyze software (Imaging Resource
Center, Mayo Clinic, Rochester, Minnesota). The
boundaries of the regions of interest were outlined by a
cordless infrared light-driven cursor, and the number of
voxels within the regions was calculated to produce a
total volume for the region of interest. The outlining
of the structures always proceeded from anterior to
posterior. The hippocampus included the dentate gy-
rus, the hippocampus proper, and the subicular com-
plex.”? The protocol used was similar to the one pub-

J Neuropsychiatry Clin Neurosci 22:1, Winter 2010



lished by Watson et al.®> Interrater reliability of
hippocampal measurement determined on 5 scans
(intraclass correlation coefficient [ICC]=0.90) and in-
trarater reliability on nine scans (ICC=0.98) were
both high.

Data Analyses

Left and right hippocampal volumes were normalized
to the total intracranial volume of the comparison
group using the following formula® 2%

normalized (or corrected) wvolume=R X raw volume,
where R is the mean total intracranial volume of the
comparison subject divided by the patient’s total intra-
cranial volume. Total intracranial volume was calcu-
lated by segmenting raw structural images into gray
matter, white matter, and CSF using the template in
SPM5 software (Welcome Department of Cognitive
Neurology, Queen Sq., London).

Normalized hippocampus volumes were compared
between patients and comparison subjects, using age,
sex, and education as covariates in the analysis. Ex-
ploratory analyses were performed to determine the
effects of duration of illness, frequency of episodes,
disease subtype, family history of affective disorder,
and lithium on hippocampus volumes. Bipolar pa-
tients and age- and sex-matched comparison subjects
were compared on demographic variables. Pair-wise
t test was used to compare the difference of raw and
normalized volumes of hippocampus between bipo-
lar patients and matched comparison subjects. Hip-
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pocampus asymmetry was investigated by compar-
ing right-to-left ratio of volumes between bipolar
patients and comparison subjects using pair-wise t
test. Effects of clinical features of bipolar disorder on
hippocampus volumes were determined by a two-
step approach. First, pair-wise t tests were applied to
examine the effects of psychosis, family history, use
of lithium, episodes of depression, and duration of
illness on the normalized hippocampus volumes be-
tween bipolar patients and matched comparison sub-
jects. Second, volumetric effects on normalized hip-
pocampus volumes of clinical variables were
examined further within the group of bipolar patients
by independent t test for categorical variables and
Spearman’s correlation analyses for continuous vari-
ables. The effects of variables showing significance in
unvaried analyses was examined further using AN-
COVA to control for effects of age and sex. All sta-
tistical analyses were performed using an SPSS soft-
ware (14.0 for Windows) package. A p value of 0.05
was used as the level of significance for all tests.

RESULTS

Clinical and Demographic Characteristics The demo-
graphic and clinical characteristics of the 24 bipolar
subjects and 24 healthy comparison subjects are pre-
sented in Table 1. As expected, no significant differ-
ences between the two groups were noted for age, sex,
and education.

TABLE 1. Clinical and Demographic Characteristics of the Bipolar Disorder and Comparison Groups
Bipolar Disorder Group Healthy Comparison
(n=24) Group (n=24)
Characteristic Mean SD Mean SD p
Age (years) 38.21 11.04 38.04 11.10 0.959
Episodes of mania and depression 20.92 18.56 - -
Illness duration (years) 14.17 10.26 - -
Education (years) 14.54 2.75 14.46 191 0.903
Total intracranial volume (liters) 1.65 0.14 1.63 0.13 0.549
n % n %
Sex 1.000
Male 6 6
Female 18 18
Psychotic features
Yes 14 58.33 - - -
No 10 41.67
Family history
Yes 14 58.33 - - -
No 10 41.67
Lithium treatment
Yes 12 50 - - -
No 12 50
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TABLE 2. Analyses of Hippocampal Volumes in Bipolar and Healthy Comparison Subjects

Bipolar Disorder
Patients (n=24)

Healthy Comparison
Subjects (n=24)

Mean SD Mean SD t* P
Right hippocampus 2.68 0.31 2.55 0.35 —1.496 0.148
Left hippocampus 2.55 0.32 2.34 0.31 —2.997 0.006
Normalized right hippocampus 2.65 0.28 2.56 0.31 —0.963 0.346
Normalized left hippocampus 2.52 0.26 2.34 0.27 —2.644 0.015

*pair-wise t statistic to compare bipolar subjects and matched comparison subjects

Hippocampal Volumes In pair-wise analyses, controlled
for age, sex and education, bipolar subjects had signif-
icantly (p<<0.01) larger left hippocampal (by 8.5%) vol-
ume than the healthy comparison subjects. This differ-
ence remained significant when the volumes were
normalized. Table 2 shows the mean values for both
measured and normalized hippocampal volumes.

Exploratory analyses were performed to examine the
following.

Hippocampal Asymmetry In both groups, the hippo-
campus was slightly larger on the right side than on the
left. However, analyses for right-left difference were not
significant, and right-to-left volume ratios did not differ
significantly between the bipolar and comparison
groups (t=1.298, p=0.207).

Disease Subtype At the time of study, 14 patients were
defined as psychotic and 10 were defined as nonpsy-
chotic. Results from pair-wise analyses revealed no sig-
nificant differences in hippocampal volume between
psychotic bipolar patients and nonpsychotic bipolar pa-

tients relative to the matched comparison subjects
(t=1.932, p=0.075; t=2.036, p=0.072, respectively). Fur-
thermore, univariate analysis also did not show any
significant difference between psychotic bipolar pa-
tients and nonpsychotic bipolar patients (t=-—0.539,
p=0.595) (Table 3).

Family History Of the bipolar patients, 14 had a family
history of unipolar or bipolar affective disorder. Pair-
wise analyses on the left hippocampus volume revealed
a significant difference between participants without
family history of affective disorder and comparison
subjects (t=2.619, p=0.028), but not in those with pos-
itive family history (t=1.593, p=0.135). Further univar-
iate analysis on left hippocampal volume revealed no
significant difference between bipolar patients with
family history of affective disorder and patients with-
out family history (t=—1.289, p=0.212) (Table 3).

Use of Lithium Patients being treated with lithium
(n=12) were compared with those who were not
(n=12). Results from pair-wise analyses primarily

TABLE3. Comparison of Normalized Volumes of Left Hippocampus in Bipolar Disorder and Healthy Comparison Groups Relative to

Clinical Features

Bipolar Disorder Within-Group Healthy Between-Group
Group Comparison Comparison Group Comparison

Factors Mean SD t P Mean SD t P
Lithium

Yes 2.59 0.35 —0.823 0.419 2.28 0.23 3.222 0.008

No 247 0.23 2.36 0.31 1.158 0.271
Family history

Yes 247 0.24 —1.286 0.212 2.32 0.28 1.593 0.135

No 2.60 0.27 2.37 0.26 2.619 0.028
Psychosis feature

Yes 2.50 0.22 —-0.539 0.595 2.50 0.22 1.932 0.075

No 2.55 0.32 2.55 0.32 2.036 0.072
Episodes, frequency

=10 2.63 0.21 1.945 0.065 2.39 0.26 3.561 0.005

>10 2.44 0.27 2.31 0.29 1.224 0.244
Duration of illness

=10 years 2.63 0.22 1.715 0.100 2.29 0.26 5.837 <0.001

>10 years 2.45 0.27 2.39 0.28 0.721 0.483
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showed larger left hippocampus volume in the lithium
treated group relative to comparison subjects (t=3.222,
p=0.008) which was not significant for nonlithium
treated patients (t=1.158, p=0.271). In further univari-
ate analysis there was no significant difference be-
tween lithium treated and untreated bipolar patients
(t=—0.823, p=0.419) (Table 3).

Duration of Illness and Number of Episodes
We divided the patients into two groups according to
the duration of illness from age of onset (=10 years,
n=10, and >10 years, n=14) and number of episodes of
mood disorder including both manic and depressive
episodes (=10 episodes, n=11, and >10 episodes,
n=13). Primary pair-wise t test determined bipolar pa-
tients with 10 years or fewer of duration of illness as
well as subjects with 10 or fewer episodes who had a
larger left hippocampus relative to healthy comparison
subjects (t=5.837, p=0.000; t=3.561, p=0.005, respec-
tively) (Table 3). Using Spearman’s correlation, epi-
sodes as well as duration were significantly correlated
to decreasing left hippocampus volume (r=-—0.408,
p=0.023; r=-0.431, p=0.036, separately). However,
univariate analysis did not show significant differences
within subgroups of bipolar patients (Table 3).
Additional analysis of confounding factors did not
reveal significant correlation between hippocampus
volume and age (r=-0.257, p=0.225), education
(r=-0.323, p=0.750), and sex (r=—0.257, p=0.225).

DISCUSSION

The main finding of this study is that bipolar disorder
patients had larger left hippocampus volumes com-
pared to age-, sex-, and education-matched comparison
subjects.

Various studies have reported structural brain abnor-
malities in patients with mood disorder. However, ab-
normalities in brain regions have been inconsistent. Re-
duction in prefrontal and frontal volumes was more
consistently revealed in both unipolar depression and
bipolar disorder, whereas abnormalities in subcortical
structures have been different between these two
classes of affective disorders. The hippocampus is one
of the most studied structures in unipolar depression.
Several meta-analyses have confirmed that patients
with unipolar depression have smaller hippocampus
volumes than healthy individuals.>>*° In the unipolar-
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depression literature, increased illness duration and in-
creased frequency of episodes have been associated
with decreased hippocampal volume.”*® Presently,
studies of hippocampal volumes in depression have
been somewhat inconsistent. This inconsistency may
stem from heterogeneity of etiological and associated
factors of depression.

The published literature suggests that hippocampal
volume abnormalities are common in bipolar disorder,
but whether this is due to a reduction or an enlarge-
ment is controversial.*’~'> Our finding is consistent
with the three earlier studies that found increased hip-
pocampal volumes in bipolar disorder*'*'* but is in
contrast to other studies that found no differences be-
tween bipolar patients and comparison subjects®'? or a
reduction in hippocampal volumes in bipolar pa-
tients.?

A number of potential causes of hippocampal volume
changes have been postulated. These include genetic
predisposition,' neurodevelopment defect,">*" sex,”*
age,13 duration of illness, number of episodes,16’17 dis-
ease sub’cype,18 and medication effect.'>'® A key argu-
ment here is whether the abnormality predates the on-
set of the disorder or develops secondarily and what
role drugs play in its development.

Our finding of a negative relationship between left
hippocampal volumes and duration of illness is impor-
tant in this context. There is some evidence in support
of the illness duration and frequency of episodes as
being implicated in structural abnormalities observed
in mood disorders.”!”*? Patients with prolonged
course of illness and more frequent episodes have con-
sistently shown poor neuropsychological function.?*!
Studies on patients with first-episode affective disorder
reported some structural abnormalities at least in a por-
tion of patients, suggesting that these abnormalities are
present early in the course of the illness."” Ali et al."”
found that longer duration of illness was associated
with larger hippocampal volume in bipolar disorder.
Some researchers found that a greater number of manic
episodes was associated with a large amygdala volume,
a structure anatomically associated with the hippocam-
pal complex.” One investigation on pediatric and ado-
lescent bipolar disorder patients—a population proba-
bly presenting the initial course of the disorder—found
a hippocampal volume reduction suggestive of aber-
rant neurodevelopmental defect in this structure.®
However, in a recent study performed by Velakoulis et
al.,** hippocampal volumes were normal in a first-epi-

http://neuro.psychiatryonline.org 59



HIPPOCAMPAL VOLUMES IN BIPOLAR DISORDER

sode group of patients with affective psychosis, which
is consistent with some studies which failed to detect
any association between frequency of affective episodes
or duration of illness and the hippocampal volume.'**3
The literature is therefore by no means conclusive on
this topic. Our data revealed that patients with shorter
illness duration and fewer episodes of affective disor-
der had larger left hippocampus volume relative to
healthy comparison subjects, and hippocampus volume
was inversely correlated with illness duration and num-
ber of episodes. This suggests that hippocampal volume
was possibly larger early in the course of the illness and
decreased as it progressed. These findings could be
equated with the role of a neurodevelopment abnor-
mality early in the course of the disorder and a patho-
physiologic process that occurs with illness progres-
sion; a longitudinal study is necessary for a definitive
determination. We view these findings with caution
since a retrospective determination of duration of ill-
ness and number of episodes is often prone to error,
and our study did not include first-onset cases. Further-
more, our sample was too small to yield sufficient sta-
tistical power to exclude effect of confounding factors
like age. More studies of first-episode cases that are
followed up longitudinally are necessary to address this
discrepancy.

Another possible factor that may affect hippocampal
volume in bipolar disorder is medication. Effects of
medications on regional brain volumes have been
found in some psychiatric conditions.>>” Manji and
Duman® suggested that medication exposure might
cause regional volume changes by alteration in the glial
cells and neurons. The hippocampus has been impli-
cated as a site for this cellular plasticity.*® The influence
of medication in brain volume analyses may therefore
be underappreciated. In previous studies of hippocam-
pal volume in bipolar patients, only two assessed the
effect of lithium.'"" In one study, Strakowaski et al.*
did not find a correlation between hippocampal volume
and use of antipsychotics and mood stabilizers. Beyer et
al.'® reported increased left hippocampus volume in
older bipolar patients, correlating it to exposure to lith-
ium. Results of our study showed that bipolar patients
exposed to lithium had larger left hippocampal volume
relative to comparison subjects, but further univariate
analysis comparing lithium-exposed and non-lithium-
exposed subjects did not reveal a significant difference.
However, insufficient information on the length of ex-
posure was our study limitation. Furthermore, in our
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sample a substantial number of untreated patients
(n=8) were taking other plasticity enhancing medica-
tions such as valproate and carbamazepine.

Earlier evidence suggests that bipolar disorder with
psychotic and nonpsychotic features may be two differ-
ent subtypes with dissimilar pathophysiology.'® Neu-
rophysiological investigations demonstrated a reversal
of cerebral asymmetry in bipolar patients with a history
of psychosis, suggesting that reversed asymmetry may
be a trait marker in psychotic mood disorders.* Results
of one study found that psychotic bipolar disorder pa-
tients, but not nonpsychotic bipolar patients, were as-
sociated with increased ventricle volumes and a trend
toward smaller left hippocampus volume, concluding
that hippocampal volume changes in bipolar disorder
patients were not marked and did not clearly distin-
guish the psychotic bipolar disorder patients and non-
psychotic bipolar patients.'"® Consistent with this, our
results did not reveal a significant difference in left
hippocampus volume between psychotic bipolar pa-
tients and nonpsychotic bipolar patients relative to their
comparison subjects.

Genetic predisposition is another putative potential
factor for structural abnormalities in bipolar disorder. A
volumetric study on twins with bipolar disorder
showed a significant decrease in left hemispheric white
matter volume in patients and co-twin relative to com-
parison twin subjects.** One study reported decreased
hippocampal volume in affected versus unaffected
twins and no hippocampal volume changes in unaf-
fected co-twins of bipolar patients." Brambilla et al.*'
noted that family history of mood disorders did not
have any significant effects on amygdala volume, a
structure consistently reported to be involved in bipolar
disorder. In this study, we did not notice any significant
difference in the hippocampal volume based on family
history. However, studying pediatric bipolar patients at
the onset of the illness is likely to be a useful strategy,
since children and adolescents with bipolar disorder
probably comprise a population with a more genetic
susceptibility for the illness and are less likely to have
many confounding variables associated with ongoing
medication and illness chronicity.

In summary, we found that the left hippocampus was
larger in a group of adult bipolar subjects relative to a
healthy comparison group. The reason for this is un-
clear. In our sample, it was not associated with family
history, psychotic features, or medication exposure. A
negative association was found between left hippocam-
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pal volume and number of episodes or duration of
illness. Our data suggest that the hippocampus might
be larger in the early phase of bipolar disorder but
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becomes smaller with time. Nevertheless, a further lon-
gitudinal study, preferably in first-episode cases, is nec-
essary to determine this conclusively.
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