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Objective: Abnormalities of the hippo-
campus may play a role in the pathophys-
iology of depression, but efforts to iden-
tify a structural abnormality in this brain
structure among depressed patients have
produced mixed results. Previous re-
search may have been limited by exclu-
sive reliance on measures of hippocam-
pal volume. High-dimensional brain
mapping is a new analytic method that
quantitatively characterizes the shape as
well as volume of a brain structure. In this
study, high-dimensional brain mapping
was used to evaluate hippocampal shape
and volume in patients with major de-
pressive disorder and healthy comparison
subjects.

Method: By using magnetic resonance
imaging, brain scans were obtained from
27 patients with major depressive disor-
der and 42 healthy comparison subjects.
High-dimensional brain mapping gener-
ated a series of 10 variables (components)
that represented hippocampal shape,
and hippocampal volumes were also

computed. Analysis of variance tech-
niques were used to compare depressed
patients and comparison subjects on hip-
pocampal shape and volume.

Results: While the depressed patients
and comparison subjects did not differ in
hippocampal volume, there were highly
significant group differences in hippo-
campal shape. The two groups did not
overlap on a discriminant function com-
puted from a model comprising the 10
components. The pattern of hippocampal
surface deformation in the depressed pa-
tients suggested specific involvement of
the subiculum.

Conclusions: Patients with major depres-
sion may have structural abnormalities of
the hippocampus that can be detected by
analysis of hippocampal shape but not
volume. A specific defect in the subiculum
could have widespread effects throughout
neurocircuits that appear to be abnormal
in depression.

(Am J Psychiatry 2003; 160:83–89)

Abnormalities of the hippocampus may play a role in
the pathophysiology of depression. According to one the-
ory, hypercortisolemia associated with major depressive
disorder may cause toxic damage to pyramidal neurons in
this brain structure (1, 2). Furthermore, diverse anti-
depressant drugs have been shown to exert effects on the
cyclic adenosine monophosphate (cAMP) signal trans-
duction pathway and on the expression of nerve growth
factors specifically in the hippocampus (3). At an ana-
tomic level, the hippocampus is a central component of
the limbic system and has a complex set of interconnec-
tions with limbic elements involved in emotional process-
ing (4). Thus, hippocampal abnormalities could have a
pathophysiologic role regardless of their ultimate etiology.

Ten previous studies have used magnetic resonance im-
aging (MRI) to measure hippocampal volumes in patients
with major depressive disorder and healthy comparison
subjects, and of these studies, four showed significantly
lower volumes in patients with some types of major de-
pressive disorder (2, 5–7), while six did not show volume
differences (8–13). In three of the studies that failed to
show volume differences between depressed patients and

comparison subjects (8–10), the hippocampus was mea-
sured together with the amygdala and a volumetric mea-
sure was not used for the hippocampus alone, while the
other three negative studies (11–13) did involve specific
measures of hippocampal volume. All four of the studies
showing lower volumes in depression involved subjects
with depressive illnesses that were highly recurrent or
treatment resistant, whereas none of the three negative
studies in which specific hippocampal volume was mea-
sured involved these types of patients.

In previous studies, the power to detect differences in
hippocampal structure between depressed patients and
healthy subjects may have been limited by exclusive reli-
ance on the analysis of hippocampal volume. It is possible
that depressed patients have structural abnormalities that
are too subtle or specific to be reflected in measures of
overall volume. Potentially, analysis of the shape of this
brain structure could represent a more powerful approach
to identifying such abnormalities.

Recently, methods have been developed to allow quan-
titative characterization of the shape of a brain structure.
In general, these methods employ probabilistic transfor-
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mations of a neuroanatomical template or atlas to charac-
terize variations in brain structure in a condition of inter-
est relative to some standard (14–16). Our research group
has developed one such method, designated high-dimen-
sional brain mapping, that has proven useful in character-
izing abnormalities of hippocampal shape in psychiatric
disorders. The mathematical basis of this method has
been described previously (15, 17–19). High-dimensional
brain mapping begins with selection of an MRI scan cho-
sen by experts to represent a template of a normal brain,
and this template is mapped onto each target MRI scan
(i.e., the scan of each subject in the study groups). The
mapping procedure involves transforming each voxel in
the template to match an analogous voxel in the target and
is constrained by the assumption that the relationship be-
tween voxels within a scan can be modeled as having the
physical properties of a fluid. This assumption provides,
for example, that spatially contiguous voxels in the tem-
plate tend to remain contiguous during the transforma-
tion. In the mapping of the hippocampus, a triangulated
graph of points is superimposed onto the surface of the
hippocampus in the template, and this graphical surface
is carried along in the transformation. Hippocampal vol-
ume may be estimated by calculating the volume enclosed
by the transformed hippocampal surface. Hippocampal
shape may also be characterized from the transformed
hippocampal surface. The displacement of each graphical
point on the hippocampal surface from template to target
is represented by a vector. Together, the set of vectors rep-
resenting the transformation of all points on the hippo-
campal surface from template to target represents the
shape of the hippocampal surface in the target relative to
that in the template. Since the number of these vectors is
in the thousands, a principal components analysis is con-
ducted to identify a set of underlying variables (compo-
nents) that can account for the variance structure in the
original set of vectors. A limited number of the compo-
nents may be selected as accounting for the majority of
the variance in the complete set of vectors. This set of
components is then taken to collectively represent the
shape of the hippocampal surface, and groups of subjects
may be compared on this set of variables by using multi-
variate statistical techniques.

In previous studies, high-dimensional brain mapping
has been used to characterize hippocampal structure in
schizophrenia (20, 21) and Alzheimer’s disease (22). Esti-
mates of hippocampal volume made by automated high-
dimensional brain mapping have been found to corre-
spond closely with volume estimates made by experts (23,
24). In delineating the neuroanatomical boundaries of the
hippocampus, high-dimensional brain mapping has been
found to have reliability equivalent to that of manual out-
lining by an expert (23, 24). In two studies of schizophrenia
(20, 21), patients and healthy comparison subjects did not
differ significantly in the volume of the hippocampus, but
there were highly significant differences between groups

in hippocampal shape. Hippocampal shape together with
volume, but not hippocampal volume alone, has been
shown to discriminate patients with Alzheimer’s disease,
healthy elderly subjects, and younger comparison sub-
jects (22). To our knowledge, no previous research has in-
vestigated hippocampal shape in depression. In the study
reported here, high-dimensional brain mapping was used
to compare hippocampal shape and volume in a group of
patients with major depressive disorder and a group of
healthy comparison subjects.

Method

Depressed patients and comparison subjects were recruited by
advertisement. Each subject had a psychiatric interview with a
psychiatrist, and the Structured Clinical Interview for DSM-IV
(25) was administered. A medical history was taken, and a physi-
cal examination was conducted by a physician. The 21-item
Hamilton Depression Rating Scale (26) and Clinical Global Im-
pression (CGI) scale (27) were also administered to the depressed
patients. All subjects were required to have no history of neuro-
logical illness, mental retardation, head injury, diabetes, or car-
diovascular disorders, including hypertension. The depressed pa-
tients were also required to have a DSM-IV diagnosis of unipolar
major depressive disorder in a current episode of at least moder-
ate severity, a score of at least 21 on the Hamilton depression
scale, a score of at least 7 on the eight items of the Core En-
dogenomorphic Scale of Thase et al. (28) that are included in the
Hamilton depression scale, no electroconvulsive therapy in the
previous 6 months, and no drug or alcohol abuse in the previous
3 months. In addition to meeting the requirements for all sub-
jects, the comparison subjects were required to have no lifetime
history of axis I or axis II disorders. The depressed and compari-
son groups were matched for gender distribution and age. After
complete description of the study to the subjects, written in-
formed consent was obtained.

MRI scanning was conducted at the Mallinckrodt Institute of
Radiology by using a Magnetom SP-4000 1.5-T imaging system
(Siemens Medical Systems, Iselin, N.J.) and a turbo fast low-angle
shot (FLASH) sequence with TR=20 msec, TE=5.4 msec, flip an-
gle=30°, acquisitions=1, matrix=256×256, scanning time=13.5
minutes. This sequence allowed acquisition of three-dimensional
data sets with 1-mm3 isotropic voxels. Further processing of the
raw MRI data was conducted with Analyze software. To maximize
contrast between white matter and CSF, signed 16-bit data sets
were transformed to unsigned 8-bit data sets by using linear in-
terpolation of all voxel intensities with the corpus callosum and
lateral ventricle set as limiting values.

High-dimensional brain mapping was conducted according to
the principles described in the introduction. The neuroanatomi-
cal template was the MRI scan of a healthy subject not included in
the study group, and it was the same template used in previous
studies by our group (20, 21). In this template, the left and right
hippocampi were outlined manually by expert consensus (20, 21)
according to neuroanatomical guidelines used previously (20, 21,
24). For each target scan in the two study groups, landmarks were
placed at the external boundaries of the brain, at the points where
the anterior and posterior commissures intersect the midsagittal
plane, and at selected points on the hippocampal surface pro-
ceeding along the anterior-posterior axis of the hippocampus
(24). The transformation of the template to match each target oc-
curred as a two-step procedure. First, an automated procedure
was used to coarsely align the template to the target on the basis
of the landmarks; the mathematical basis of this initial transfor-
mation has been described elsewhere (29, 30). In the second step,
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each voxel in the template was transformed to match an analo-
gous voxel in the target, by using the model in which voxels within
a scan have physical properties of a fluid (15, 17–19); this second
step was also an automated procedure. It has been shown previ-
ously (23, 24) that delineation of the neuroanatomical boundaries
of the hippocampus by high-dimensional brain mapping does
not change with variations in landmark placement by raters.

A triangulated graph of points was superimposed onto the hip-
pocampal surface in the template by using the Marching Cubes
algorithm, as described previously (30, 31); this procedure gener-
ated a graphical surface with more than 16,000 points. This
graphical surface was carried along in the transformation of the
template onto each target scan, and the displacement of each
point on the hippocampal surface from template to target was
represented as a vector. The volume of the hippocampus was es-
timated by computing the volume enclosed by the transformed
hippocampal surface. The complete set of transformation vectors
for all subjects together was subjected to principal components
analysis, and a priori the first 10 components were taken to repre-
sent hippocampal shape; the choice of this number of compo-
nents was based on the numbers of components that have been
found useful for characterizing hippocampal shape in studies of
other psychiatric disorders (20–22). Total brain volumes were
computed by elastic-based transformations according to a proce-
dure that has been described previously (19).

Group comparisons on hippocampal shape and volume in-
dexes were conducted after we verified that the 10 components
and the volume indexes had similar variances across the two
groups and that, within each group, these variables had distribu-
tions that did not depart markedly from normality. The hippo-
campal shapes of the depressed patients and comparison sub-
jects were compared by means of a multivariate analysis of
variance (MANOVA) conducted on the 10 components together.
The linear discriminant function associated with the MANOVA
(i.e., the linear combination of the 10 components that best dis-
criminated the two groups) was computed to represent the ability
of the shape indexes to classify individual subjects. This discrimi-
nant function was based on a model defined a priori (i.e., the set
of 10 components), and this analysis is distinct from stepwise dis-
criminant procedures that choose variables for the model only af-
ter assessing their ability to predict group membership. Univari-
ate analysis of variance (ANOVA) was used to compare depressed
patients and comparison subjects on left and right hippocampal
volume and total brain volume.

To display graphically the difference in hippocampal shape be-
tween depressed patients and comparison subjects, maps of the
hippocampal surface were constructed on the basis of the 10
components taken to represent hippocampal shape. The aver-
aged surface for the comparison group was displayed, and the av-
erage displacement at each point in the depressed group relative
to the comparison group was color coded. Similar methods of dis-
playing hippocampal surface deformities associated with disease
conditions have been used previously in studies of schizophrenia
(20 , 21) and Alzheimer’s disease (22). To provide a comparative il-
lustration of the normal hippocampal surface in terms of the un-
derlying hippocampal subfields, an MRI scan from a healthy sub-
ject not included in the study groups was selected, and the
subfields were outlined manually by an expert neuroanatomist
(M.H.G.) on the basis of subfield anatomy represented in stan-
dard atlases (32, 33). A map of the hippocampal surface coded by
the underlying subfield in this healthy subject was then gener-
ated. These graphical presentations were prepared simply to il-
lustrate the pattern of hippocampal surface deformation identi-
fied by high-dimensional brain mapping and do not provide tests
of group differences in any specific subregion.

The relationships of hippocampal shape, hippocampal volume,
and total brain volume to clinical and demographic variables were

examined. Correlation was used for continuous clinical and
demographic variables, and t tests were used for dichotomous
variables.

Results

The study participants were 27 patients with major de-
pressive disorder and 42 healthy comparison subjects. The
two groups were similar in gender distribution (15 women
and 12 men among the patients and 23 women and 19
men among the comparison subjects) and age (mean=
33.0 years, SD=10.7, in the patients and mean=33.2 years,
SD=10.8, in the comparison subjects). Of the comparison
subjects, 39 were right-handed, two were left-handed, and
one was ambidextrous. Of the patients, 18 were right-
handed, and one was left-handed; handedness was not
known in eight cases. In the cases where handedness was
not known, this variable had not been assessed during the
initial evaluation and it was not possible to locate the sub-
jects subsequently in order to determine handedness. The
depressed patients had mean scores of 27.3 (SD=5.2) on
the Hamilton depression scale, 8.4 (SD=2.4) on the Core
Endogenomorphic Scale, and 4.3 (SD=0.7) on the CGI,
suggestive of moderately severe depression. The mean
length of the current depressive episode was 59.4 months
(SD=115.1), but the median was only 10.0 months, reflect-
ing a skewed distribution. The mean number of previous
depressive episodes was 0.8 (SD=1.2), and the mean life-
time number of months spent in depressive episodes was
98.8 (SD=143.4). Fourteen depressed patients were cur-
rently receiving psychiatric medications, and 13 were not.

The patients and comparison subjects did not differ sig-
nificantly in the volume of the left hippocampus (mean=
2546.0 mm3, SD=392.7, in the patients and mean=2475.0
mm3, SD=359.4, in the comparison subjects) (F=0.6, df=1,
67, p=0.44) or the volume of the right hippocampus
(mean=2948.4 mm3, SD=446.7, in the patients and mean=
2993.9 mm3, SD=414.2, in the comparison subjects) (F=
0.2, df=1, 67, p=0.67). The total brain volumes were also
similar in the depressed patients (mean=1,002,733 mm3,
SD=130,031) and comparison subjects (mean=992,789
mm3, SD=105,830) (F=0.1, df=1, 67, p=0.73).

The 10 components representing hippocampal shape ac-
counted for 79.5% of the variance in the complete set of
transformation vectors. We found highly significant differ-
ences between the depressed patients and the healthy com-
parison subjects on these 10 components together (Wilks’s
lambda=0.145, F=34.1, df=10, 58, p<0.001). The mean score
on the associated discriminant function (i.e., the linear
combination of the 10 components that produced the
greatest discrimination between groups) was –2.98 (SD=
1.06) for the depressed patients and 1.92 (SD=0.96) for the
healthy comparison subjects, and the range of scores was
from –5.41 to –1.55 among the patients and from –0.38 to
4.00 among the comparison subjects. Thus, the 10 compo-
nents representing hippocampal shape collectively pro-
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duced a complete separation between the patients with
major depressive disorder and the comparison subjects.

The difference between the depressed patients and the
comparison subjects in hippocampal shape is associated
with a specific pattern of deformity on the hippocampal
surface (Figure 1). The anatomical basis of this deformity
in the hippocampus can be suggested by comparison with
a surface map of the normal hippocampal subfields (Fig-
ure 1). It is difficult to make this comparison in detail,
however, because the correspondence between the maps
is inexact. In particular, the normal subfield map was
generated from a separate healthy subject and may differ
from the surface contours used to represent study group
differences.

On the normal map, subfield CA1 accounts for much of
the hippocampal head and for the lateral and posterior
edges of the hippocampal body and tail. This region can
be seen in the deformity maps to be relatively free of in-
ward deformation. In contrast, the subiculum accounts
for a smaller region in the medial part of the head and
body of the hippocampus. This is best seen in the inferior

view, because the subiculum is partially covered over by
the dentate gyrus and subfields CA3 and CA4 in the supe-
rior view. Much of this region shows considerable inward
deformation among the depressed patients, although the
correspondence is not precise.

It is important to note that, as drawn in Figure 1, the
subiculum includes the parasubiculum and presubicu-
lum. These regions are on the medial aspect of the subicu-
lum, where there is less inward deformation, and they
have considerable connectional and other differences
from the subiculum proper (34). It is probable that they
would be affected differentially in major depressive disor-
der. The subiculum proper occupies the strip immediately
medial to subfield CA1 on the inferior aspect of the hippo-
campus, in the region where the inward deformation is
greatest.

In the total group of subjects, scores on the discriminant
function representing hippocampal shape did not differ
between men and women (t=–0.3, df=67, p=0.76). How-
ever, the volumes of the left hippocampus (t=–4.1, df=67,
p<0.001), right hippocampus (t=–5.5, df=67, p<0.001), and

FIGURE 1. Deformation of Hippocampal Surface in 27 Patients With Major Depressive Disorder Relative to Hippocampus
of 42 Healthy Comparison Subjectsa

a High-dimensional brain mapping generated a series of 10 variables (components) that represented the shape of the hippocampal surface.
For the first two columns, hippocampal surfaces in the depressed patients and comparison subjects were reconstructed from these 10 com-
ponents. The hippocampal structure shown is the averaged surface in the comparison group. The color flame scale indicates the average de-
gree of displacement outward or inward in the depressed group relative to the comparison subjects at each point on the surface. The map
of the left hippocampus has been laterally inverted (i.e., transformed into a mirror image) to facilitate comparison with the other maps. The
third column shows the hippocampal surface coded by underlying hippocampal subfield in a normal subject not included in the other
groups.
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total brain (t=–6.1, df=67, p<0.001) were significantly
smaller in women than men. The ANOVAs comparing de-
pressed patients and comparison subjects on the volume
measures were then recomputed with gender as a covariate.
The assumption of no factor-by-covariate interaction was
tested and met. In these revised analyses, as previously, the
depressed patients and comparison subjects did not differ
significantly on the volume of the left hippocampus (F=0.8,
df=1, 66, p=0.38), right hippocampus (F=0.2, df=1, 66, p=
0.64), or total brain (F=0.2, df=1, 66, p=0.63).

In the total group of subjects, age did not correlate signif-
icantly with the discriminant function (r=0.04, df=67, p=
0.78) or with the volume of the left hippocampus (r=–0.13,
df=67, p=0.29), right hippocampus (r=–0.08, df=67, p=0.54),
or total brain (r=–0.12, df=67, p=0.34). The correlations of
age with these variables were similar and nonsignificant
when the depressed patients and comparison subjects were
examined separately. Within the group of depressed pa-
tients, we computed correlations of the Hamilton depres-
sion scale score, Core Endogenomorphic Scale score, CGI
score, duration of the current depressive episode, number
of lifetime depressive episodes, and lifetime number of
months spent in depressive episodes with the discrimi-
nant function, left hippocampal volume, right hippocam-
pal volume, and total brain volume. Of these correlations,
the only one that was statistically significant was a nega-
tive correlation between the number of lifetime depressive
episodes and total brain volume (r=–0.42, df=25, p=0.03).
The discriminant function score and volumes of the left
hippocampus, right hippocampus, and total brain did not
differ significantly between patients who were receiving
psychiatric medication and those were not.

An additional analysis was conducted to address the
confound of unknown handedness in eight of the 27 pa-
tients with major depressive disorder. The group of 19 pa-
tients with known handedness was matched to a sub-
group of 30 comparison subjects taken from the total
group of 42 healthy comparison subjects. Matching in-
volved identification of a subgroup of comparison sub-
jects having a gender distribution that was similar to the
distribution in the patients and having similar ages within
each gender to those in the patients. Matching was con-
ducted without knowledge of data other than age and gen-
der. The resulting subgroups consisted of a depressed sub-
group with eight women and 11 men and a comparison
subgroup of 13 women and 17 men. The mean ages were
33.1 years (SD=11.7) for the patients and 33.2 years (SD=
11.7) for the comparison subjects. Of the patients, 18 were
right-handed and one was left-handed, while 28 of the
comparison subjects were right-handed and two were left-
handed. The mean clinical ratings for the patients were
26.6 (SD=5.7) on the Hamilton depression scale, 7.9 (SD=
2.4) on the Core Endogenomorphic Scale, and 4.2 (SD=0.7)
on the CGI. For the two subgroups together, the transfor-
mation vectors computed by high-dimensional brain
mapping were subjected to a new principal components

analysis, and the first 10 components were taken to repre-
sent hippocampal shape. In this subgroup analysis, there
were no significant differences between the depressed
patients and comparison subjects in the volume of the left
hippocampus (F=0.1, df=1, 47, p=0.75), right hippocam-
pus (F=0.4, df=1, 47, p=0.52), or total brain (F=0.0, df=1, 47,
p=0.90). However, the MANOVA conducted on the 10 com-
ponents representing hippocampal shape revealed highly
significant differences between the patients and compari-
son subjects (Wilks’s lambda=0.126, F=26.4, df=10, 38,
p<0.001). The mean scores on the discriminant function
associated with the MANOVA (i.e., the linear combination
of the 10 components that produced the greatest discrim-
ination between groups) were –3.2 (SD=1.0) for the de-
pressed patients and 2.1 (SD=1.0) for the comparison sub-
jects. There was no overlap between the two groups in
scores on this discriminant function. Thus, a reanalysis
confined to the patients with known handedness pro-
duced results similar to those from the analysis of data
from the full patient and comparison groups.

In a final analysis we examined data exclusively from the
right-handed patients in the two subgroups (18 depressed
patients and 28 comparison subjects). In this analysis,
there were no group differences in the volume of the left
hippocampus (F=0.1, df=1, 44, p=0.73), right hippo-
campus (F=0.3, df=1, 44, p=0.59), or total brain (F=0.0, df=
1, 44, p=0.97). Again, MANOVA conducted on the 10 com-
ponents representing shape revealed highly significant
group differences (Wilks’s lambda=0.112, F=27.7, df=10,
35, p<0.001). On the associated discriminant function,
there was again no group overlap; the values of all of the
patients with major depressive disorder were lower than
those for all of the comparison subjects.

Discussion

In this study, patients with major depressive disorder
did not differ from healthy comparison subjects in hip-
pocampal volume but did differ markedly from them in
the shape of this brain structure. The depressed patients
and comparison subjects had no overlap on the discrimi-
nant function that was a linear combination of the shape
indexes. The indexes of hippocampal shape were not asso-
ciated with other clinical variables, although there was a
negative correlation between the lifetime number of de-
pressive episodes and total brain volume.

The results of this study differ from the results of studies
that have shown significantly smaller hippocampal volume
in depressed patients than in comparison subjects (2, 5–7).
However, in several other studies (11–13) the specific vol-
ume of the hippocampus was measured and showed no dif-
ference between depressed patients and comparison sub-
jects. The differences in the results of these studies may
stem from different populations of depressed patients. As
already discussed, all of the studies that showed smaller
hippocampal volume involved patients with highly recur-
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rent or treatment-resistant depression, while none of the
negative findings came from studies in which specific hip-
pocampal volumes were measured and patients had these
types of depression. The patients in the study reported here
had an average of less than one prior depressive episode
and were not selected for treatment resistance. Thus, the
findings reported here with regard to hippocampal volume
are consistent with the general pattern in the literature.

The negative correlation between the number of life-
time depressive episodes and total brain volume bears
some similarity to the finding by Sheline et al. (2, 35) that,
among patients with major depressive disorder, the life-
time duration of depression correlated negatively with
hippocampal volume. Sheline et al. did not report correla-
tions between duration of depression and total brain vol-
ume. Together, the data suggest that depressive recur-
rences may be associated with degenerative changes in
the brain, so that patients who have experienced multiple
episodes may have overall volume reductions, while pa-
tients who have had relatively few episodes of major de-
pressive disorder may not show discernible volume ef-
fects. Patients with relatively nonrecurrent depression
may have separate abnormalities in hippocampal struc-
ture that are detectable by shape analysis. Whether the lat-
ter structural abnormalities are related to degenerative
changes that may be associated with depressive recur-
rence is not clear.

While we found differences between patients with ma-
jor depressive disorder and healthy comparison subjects
in indexes of hippocampal shape, characterizing this sta-
tistical finding in terms of hippocampal topography is a
matter of interpretation. Inspection of the surface maps
that represent differences between the depressed patients
and comparison subjects suggests that the shape abnor-
mality in the patients corresponds in part to inward defor-
mation of the hippocampal surface overlying the subicu-
lum. However, this study has not provided a test of group
differences involving any particular subregion. In princi-
ple, high-dimensional brain mapping could be applied to
characterize the shape of hippocampal subfields, but the
necessary methods have not yet been developed. It is
noteworthy that the pattern of surface deformities associ-
ated with major depressive disorder appears different
from the pattern identified among schizophrenia patients
in previous research using high-dimensional brain map-
ping (20, 21). The latter studies, like the one reported here,
did not show differences between patients and compari-
son subjects in hippocampal volume, but they did identify
group differences in hippocampal shape. However, in-
spection of surface maps suggested that the shape abnor-
mality in the schizophrenia patients was localized to re-
gions of the hippocampal head that were relatively spared
among the depressed patients in this study.

A structural abnormality in the subiculum could have
implications for the pathophysiology of depression. The

subiculum receives inputs from CA1 and other hippocam-
pal subfields, and it is the origin for many of the outputs
from the hippocampus, including projections to the ven-
tromedial prefrontal cortex, thalamus, hypothalamus, and
striatum. There are also substantial axonal connections
with other limbic structures, such as the amygdala and en-
torhinal cortex (34). An abnormality in the subiculum
could have widespread effects throughout these circuits.
Functional imaging studies (36–38) have suggested that
depression is a circuit disorder involving the amygdala,
medial thalamus, ventromedial prefrontal cortex, and
other structures related to the subiculum. A postmortem
study (39) indicated that neurons in the subiculum had
low spine density and axonal arborization on apical den-
drites among a small group of patients with mood disor-
ders. Another study (40) provided evidence of apoptosis in
the subiculum in patients with major depressive disorder.
There is a need for further characterization of structural
and functional abnormalities in the subiculum and other
related structures in subjects with mood disorder.

Limitations of this study should be noted. The study
groups were relatively small, and since this study is, to our
knowledge, the first to identify specific abnormalities of
hippocampal shape in patients with major depressive dis-
order, replication with a larger number of subjects is par-
ticularly important. In addition, the patients were studied
during an acute episode of depression, and this study does
not provide information regarding whether the identified
structural abnormalities are reversible concomitants of an
acute episode or enduring characteristics that do not de-
pend on acute symptoms. Making this distinction could
have important implications for pathophysiology.
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