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Objective: Despite evidence for hippo-
campal abnormalities in elderly depres-
s ion,  i t  i s  unknown whether these
changes are regionally specific. This study
used three-dimensional mapping tech-
niques to identify regional hippocampal
abnormalities in early- and late-onset de-
pression. Neuropsychological correlates
of hippocampal morphology were also in-
vestigated.

Method: With high-resolution magnetic
resonance imaging, hippocampal mor-
phology was compared among elderly
patients with early- (N=24) and late-onset
(N=22) depression and comparison sub-
jects (N=34). Regional structural abnor-
malities were identified by comparing dis-
tances, measured from homologous
hippocampal surface points to the central
core of each individual’s hippocampal
surface model, between groups.

Results: Hippocampal volumes differed
between depressed patients and compar-
ison subjects but not between patients
with early- and late-onset depression.
However, statistical mapping results
showed that regional surface contractions

were significantly pronounced in late-
compared to early-onset depression in
the anterior of the subiculum and lateral
posterior of the CA1 subfield in the left
hemisphere. Significant shape differences
were observed bilaterally in anterior CA1-
CA3 subfields and the subiculum in pa-
tients in relation to comparison subjects.
These results were similar when each dis-
ease group was separately compared to
comparison subjects. Hippocampal sur-
face contractions significantly correlated
with memory measures among late- but
not early-onset depressed patients or
comparison subjects.

Conclusions: More pronounced regional
volume deficits and their associations
with memory in late-onset depression
may suggest that these patients are more
likely to develop cognitive impairment
over time than individuals with early-on-
set depression. Mapping regional hippo-
campal abnormalities and their cognitive
correlates may help guide research in de-
fining risk profiles and treatment strate-
gies.

(Am J Psychiatry 2008; 165:229–237)

Altered hippocampal morphology has an important
role in the pathophysiology of elderly depression. Studies
using magnetic resonance imaging (MRI) have reported

hippocampal volume decreases, sometimes unilateral, in
elderly patients with major depression relative to healthy
comparison subjects (1–5), although negative reports ex-

ist (6–8).

Of importance, major depression, especially in the eld-

erly, may be considered a heterogeneous disorder because
in a subset of patients, the first episode occurs only late in

life. This subgroup, frequently referred to as having late-
onset depression, exhibits certain unique clinical, biologi-
cal, and neuroimaging characteristics. For example, pa-

tients with late-onset depression are less likely to have
psychiatric comorbidity (9) or a family history of depres-
sion (9, 10) but are more likely to have medical comorbid-

ity (11) compared with groups with early-onset depres-
sion. Some evidence links late-onset depression to greater

cognitive deficits (12) and increased risk of dementia (13,

14); other studies relate a lifetime history of depression to
a higher risk of dementia (15–17).

Illness duration rather than age itself may predict hip-
pocampal volumes in depressed subjects (18). Reduced
hippocampal volumes have been associated with a longer
course of illness in elderly depression (2). On the other
hand, some studies dichotomized elders by age at illness
onset and found hippocampal volume reductions more
pronounced in late-onset than early-onset depression (1,
4, 5). Prior evidence thus suggests that age of onset and
perhaps also illness duration influence hippocampal mor-
phology in depression. It is also possible that these two
measures are themselves correlated. However, because
the magnitude and direction of the relationship between
age of onset (or biological age in general) and illness dura-
tion are solely dependent on study group characteristics
and the timing of subject examination, these two variables
may be considered to constitute independent hypotheses.

Genotype may be important because smaller hippo-
campal volumes in late-onset depression have been linked
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to the long variant of the promoter region of the serotonin
transporter gene (8). Indeed, subjects homozygous for the
long allele genotype may have greater vascular risk factors
and an enhanced vulnerability to stress-induced neuro-
toxic effects of glucocorticoids, which may both lead to
structural hippocampal abnormalities (8, 19, 20). More-
over, the short allele has been found to moderate the influ-
ence of stressful life events on the development of depres-
sion through mechanisms that may affect hippocampal
volume (21).

In elderly subjects, age at onset of depression may be
particularly important in accounting for changes in hip-
pocampal morphology. Focusing on hippocampal
changes in relation to this critical variable may also help
explain how depression could emerge as a risk factor for
dementia. The regional specificity of hippocampal abnor-
malities may deserve special attention. Computational
image analysis methods have several advantages over tra-
ditional volumetric approaches. They can isolate local, as
well as global, differences in brain morphology as poten-
tially associated with neuropathology. One prior study
employed computerized methods in young adults with
major depression, showing hippocampal shape alter-
ations in the absence of significant volume reductions that
were pronounced in the subiculum (22).

In elderly depression, however, the question of regional
specificity of hippocampal volume reductions has not
been addressed in the literature. The aim of our study was
to use a region-of-interest technique and a hippocampal
three-dimensional radial atrophy mapping approach (23,
24) to assess subregional structural deformations in de-
pressed elders. Specifically, we set out to examine whether
late-onset depression may exhibit greater regional changes
in hippocampal morphometry than early-onset depres-
sion. We also addressed possible relationships between
hippocampal morphology and neuropsychological mea-
sures of memory in a subgroup of the subjects included in
the present study.

Methods and Materials

Subjects
The subjects included 46 elderly patients with major depres-

sion and 34 elderly comparison subjects (Table 1). The cohort
with depression was subdivided into those with early-onset de-
pression (N=24) and late-onset depression (N=22), with onset of
the first major depressive episode after age 60 as a cutoff, which is
in line with previous studies (4, 25) and our own work (26) (Table
2). The Structured Clinical Interview for DSM-IV (SCID) was per-
formed to assess the diagnostic status of the patients. All patients
met DSM-IV criteria for major depressive disorder and had a 17-
item Hamilton Depression Rating Scale (27) score of 15 or greater.
Information on prior episodes and the age of onset was obtained
from patients and caregivers. All patients were free of psychotro-
pic medications for at least 2 weeks before imaging. Twenty-three
patients (eight with early-onset depression and 15 with late-onset
depression) were drug naive, and 23 patients had taken an antide-
pressant at some time (16 with early-onset depression and seven
with late-onset depression). The antidepressants included selec-

tive serotonin reuptake inhibitors (paroxetine, fluoxetine), sero-
tonin and norepinephrine reuptake inhibitors (venlafaxine), and
bupropion at standard doses. None of the patients included in the
study reported exposure to antidepressant for more than 6
months. Exclusion criteria were the following: 1) another major
psychiatric illness; 2) alcohol or drug dependence; 3) neurologic
illness, including stroke, transient ischemic attacks, and demen-
tia; 4) illness or medication precluding cognitive testing; and 5)
metal in the body precluding MRI. A neuropsychiatric examina-
tion and the SCID for normal subjects were administered to all
comparison subjects to rule out current or past psychopathology.
All subjects underwent the Mini-Mental State Examination (28). A
subset of subjects (N=43) also completed two neuropsychological
tests: the California Verbal Learning Test (29) and the Rey-Osterri-
eth Complex Figure (30) (Table 3).

The patients were recruited through local newspapers and ra-
dio advertisements and through referrals from the geriatric psy-
chiatry ambulatory care programs at the University of California,
Los Angeles, Medical Center. The comparison subjects were re-
cruited from the community through newspapers and radio ad-
vertisements. The study was approved by the University of Cali-
fornia, Los Angeles, Human Subjects Protection Committees; all
subjects provided written informed consent before beginning the
study procedures. This group was included in a prior study of
structural abnormalities in subregions of the prefrontal cortex
(31), as well as specific patterns of gray matter abnormalities with
cortical pattern-matching methods (26, 32).

Image Data Acquisition and Analysis

All subjects were studied with MRI performed on a 1.5-T Signa
Scanner (GE Medical Systems, Milwaukee) with a coronal T1-
weighted spoiled gradient/recall acquisition in the steady state
(GRASS) with the following parameters: TR=20 msec, TE=6 msec,
flip angle=45×, 1.4-mm slice thickness without gaps, field of
view=22 cm, number of excitations=1.5, matrix size=256×192
mm, in-plane resolution=0.86×0.86 mm. Each image volume was
corrected for magnetic field inhomogeneities (33) and resampled
into 1-mm isotropic voxels and placed into the standard coordi-
nate system of the ICBM-305 average brain (34). At the same time,
image volumes were corrected for head tilt and alignment with a
three-translation and three-rotation rigid-body transformation
(without scaling) (35). This procedure corrects for differences in
head alignment between subjects to ensure that measurements
are not influenced by different brain orientation. In addition,
each brain volume was tilted by 30× along the long axis of the hip-
pocampus to allow for unbiased anatomical decisions for hippo-
campal delineation. Hippocampi were traced on contiguous
oblique coronal slices following a detailed, well-established pro-
tocol with high intrarater and interrater reliability (intraclass cor-
relation coefficient >0.88) (23, 36). To assist interrater reliability,
tracings included the hippocampus proper, the dentate gyrus,
and the subiculum. Region-of-interest volumetric data were ex-
tracted and analyzed statistically.

To identify regional changes in hippocampal morphology, we
used surface-based anatomical mesh modeling methods that al-
low the matching of equivalent hippocampal surface points, ob-
tained from manual tracings, across subjects and groups. To
match the digitized points representing the hippocampus surface
traces in each brain volume, the manually derived contours were
transformed into three-dimensional parametric surface mesh
models with normalized spatial frequency of the surface points
within and across brain slices, as previously detailed (23, 24, 36).
This step ensures precise comparison of anatomy between sub-
jects and groups at each hippocampal surface point. To quantify
local changes in hippocampal morphology representing local vol-
ume changes, a three-dimensional medial curve was defined
along the long axis of the hippocampus for each hippocampal sur-



Am J Psychiatry 165:2, February 2008 231

BALLMAIER, NARR, TOGA, ET AL.

ajp.psychiatryonline.org

face model, and radial distance measures (i.e., the distance from
homologous hippocampal surface points to the central core of the
individual’s hippocampal surface model) were estimated. These
values were used to generate individual four-dimensional maps in
which the fourth dimension represents the local distance from the
center of the hippocampus to each point on the hippocampal
surface. These distance maps can be combined across subjects to
produce group average distance maps, and radial distances may
be compared at each anatomically homologous hippocampal sur-
face point to provide maps showing regional hippocampal surface
deformation or expansion between the groups.

Statistical Analyses

Statistical analyses examined whether differences in total hip-
pocampal volume and local changes in hippocampal morphol-
ogy with radial distance measures were present in patients in re-
lation to healthy comparison subjects and in patients based on
age of illness onset. The general linear model was used to assess
the overall diagnostic group effect (comparison subjects versus
all depressed patients), with covariance for age, sex, and total
brain volume. We considered illness duration (from first to most
recent episode) as a covariate but discarded this option since a
preliminary analysis showed that illness duration and age have a
significant negative correlation (r=–0.345, p<0.04). Since changes
in brain anatomy are known to occur in association with normal
aging processes, it was necessary to remove the variance associ-
ated with age from the data before assessing group effects.

Significant overall group effects were followed up by separately
examining differences between early-onset depression and com-
parison subjects, late-onset depression and comparison subjects,
and the two disease groups (early-onset versus late-onset depres-
sion). Post-hoc Bonferroni corrections were used to control for
the potentially inflated type I error associated with performing
multiple tests.

To evaluate regional differences in hippocampal volume as in-
dexed by measures of hippocampal radial distance, the same sta-
tistical model was used at equivalent hippocampal surface loca-
tions in three dimensions. Specifically, we first assessed the
overall diagnostic group effect and then applied follow-up tests in
which each group was compared with the other. Age, gender, and
total brain volume were again included as covariates. Uncor-
rected two-tailed probability values were mapped onto the aver-
aged hippocampal surface models of the entire group and dis-
played in three dimensions. Since statistical tests were applied at
each of the hippocampal surface points, the hippocampal surface
maps were subjected to permutation-based statistics with a
threshold of p<0.05 to ensure that the overall pattern of effects in
the surface-based maps could not have been observed by chance
alone (23, 24). In particular, for permutations, we randomly as-
signed the subjects to diagnostic groups 100,000 times, perform-
ing statistical tests at each hippocampal surface point for each
random assignment. With a threshold of p<0.05 and age, gender,

and total brain volume as covariates, the number of significant re-
sults between patients and comparison subjects and between the
two disease groups in the actual data was compared to the num-
ber of significant results produced during the permutation testing
to produce a corrected overall significance value for each map.

Neuropsychological data were available for a subgroup of the
subjects (early-onset depression: N=15; late-onset depression: N=
13; comparison subjects: N=15). Since the group size was small
and age and education did not differ among these subgroups,
Spearman’s rank correlation analyses were used to correlate neu-
ropsychological measures and hippocampal volumes within each
diagnostic subgroup. To control for potentially inflated type I er-
ror by examining the relationship between four neuropsycholog-
ical measures and the left and right hippocampal volumes sepa-
rately, Bonferroni correction was applied, and the new threshold
of significance was set at p<0.013. Finally, linear regression analy-
ses were performed to assess relationships between neuropsy-
chological measures and regional changes in hippocampal sur-
face morphology within each diagnostic group. Since these
relationships were again assessed pointwise across the hippo-
campal surface, permutation testing was again used to confirm
the overall significance of results.

Results

Subjects

Demographic characteristics did not differ significantly
between subjects with depression (N=46) and comparison
subjects (N=34) overall. Mini-Mental State Examination
scores were significantly lower in depressed subjects over-
all (Table 1) and in subjects with early-onset or late-onset
depression in relation to comparison subjects separately
(Table 2). When the cohort with depression was subdi-
vided into those with early-onset and late-onset depres-
sion (Table 2), the subjects with early-onset depression
also differed significantly from the comparison group in
age, and significant age differences were present between
the two disease groups. The subjects with late-onset de-
pression showed a significantly higher cardiovascular risk
factor score than the subjects with early-onset depression.
There was no significant difference in total brain volume
or sex distribution among the groups. The subgroup for
whom neuropsychological measures were available did
not show significant differences in memory performance
(Table 3). Mini-Mental State Examination scores were sig-
nificantly lower in subjects with late-onset and early-onset

TABLE 1. Demographic and Clinical Characteristics of Participants With and Without Depression

Variable
Comparison Subjects 

(N=34)
Subjects With Depression 

(N=46) Analysis
N N χ2 df p

Gender (female/male) 19/15 34/12 2.84 1 0.09
Mean SD Mean SD Test df p

Age (years) 72.38 6.93 71.10 7.66 t=0.76 78 0.45
Mini-Mental State Examination score 29.48 0.79 28.68 1.45 t=2.86 75 0.01
Age of onset (years) — 51.43 22.89 — — —
Hamilton Depression Rating Scale score — 17.73 3.29 — — —
Cardiovascular risk factor score 11.19 6.68 11.00 5.36 t=0.14 73 0.89
Total brain volume (cm3) 1286.93 138.72 1295.68 129.61 t=0.29 78 0.77
Right hippocampal volume (mm3) 1308.45 245.62 1127.53 231.12 F=16.14 1, 75 0.001
Left hippocampal volume (mm3) 1272.75 257.65 1116.10 222.00 F=12.31 1, 75 0.001
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depression in relation to comparison subjects in the sub-
group (Table 3).

Hippocampal Volumes

Table 1 shows means and standard deviations for hip-
pocampal volume measures obtained for the depressed
and comparison groups separately. After we applied tradi-
tional volumetric analyses, an overall diagnostic group ef-
fect was observed, with depressed patients showing signif-
icant hippocampal reductions in both the right and left
hemispheres (Table 1). Follow-up analyses (Table 2)
showed that patients with early-onset depression exhib-
ited hippocampal volume reduction in the left hemi-
sphere and close to significance in the right hemisphere,
in relation to comparison hippocampal volume effects
that were more pronounced when patients with late-onset
depression were related to comparison subjects; subjects
with late-onset depression showed significant reductions
in hippocampal volumes bilaterally. Patients with early-
onset depression did not differ significantly from those

with late-onset depression for right or left hippocampal
volumetric measures.

Surface Mapping

Figure 1 shows the results of statistical tests performed
at each hippocampal surface location comparing diag-
nostic groups in three dimensions (lower panels). Signifi-
cant reductions in radial distances, used to index regional
reductions in hippocampal volume, are referenced by the
color bar showing probability values obtained from each
hippocampal surface location. These statistical maps
show pronounced bilateral volume reductions in anterior
CA1-CA3 subfields and the subiculum in depressed pa-
tients in relation to comparison subjects (second panel).
Permutation testing confirmed the overall significance of
these regional results (corrected p values: right, p=0.003;
left, p=0.001).

Figure 1 also shows that a similar pattern of bilateral re-
gional reductions appears when subjects with late-onset
depression and comparison subjects are compared (panel

TABLE 2. Demographic and Clinical Characteristics of Participants With and Without Depression Dichotomized for Age of
Depression Onset

Variable Comparison Subjects (N=34)

Subjects With Depression

Early-Onset (N=24) Late-Onset (N=22)
N N N

Gender (female/male) 19/15 20/4 14/8
Mean SD Mean SD Mean SD

Age (years) 72.38 6.93 68.00 5.83 74.50 8.09
Mini-Mental State Examination score 29.48 0.79 28.72 1.61 28.64 1.33
Age of onset (years) — 33.25 16.05 71.27 7.23
Previous episodes of depression — 4.80 4.13 0.50 0.90
Hamilton Depression Rating Scale score — 17.33 2.63 18.13 3.77
Total brain volume (cm3) 1286.93 138.72 1273.98 137.13 1318.28 119.91
Cardiovascular risk factor score 11.19 6.68 9.36 4.57 12.64 5.69
Left hippocampus volume (mm3) 1272.75 257.65 1159.72 162.09 1068.67 268.85
Right hippocampus volume (mm3) 1308.44 245.61 1152.04 210.61 1100.78 253.85

TABLE 3. Demographic and Clinical Characteristics of Neuropsychological Participants With and Without Depression
Dichotomized for Age of Depression Onset

Variable
Comparison Subjects 

(N=15)

Subjects With Depression

AnalysisEarly-Onset (N=15) Late-Onset (N=13)
N N N χ2 df p

Gender (female/male) 10/5 13/2 8/5 2.52 2 0.80
Mean SD Mean SD Mean SD Test df p

Age (years) 70.60 7.64 68.20 5.87 73.08 8.68 F=1.54 2, 40 0.24
Mini-Mental State Examination 

score 29.73a 0.59 28.80 1.66 28.77b 1.01 F=3.15 2, 40 0.05
Education (years) 15.47 2.59 14.93 2.81 15.46 2.37 F=0.20 2, 40 0.82
Age of onset (years) — 35.87 17.13 70.00 7.57 — — —
Previous episodes of depression — 5.57 4.39 0.43 1.13 — — —
Hamilton Depression Rating 

Scale score — 17.33 2.60 18.18 3.94 t=0.76 1, 44 0.39
Total brain volume (cm3) 1280.25 106.83 1262.07 111.86 1302.72 130.09 F=0.43 2, 40 0.66
California Verbal Learning Test 

trial 1 score 5.60 1.59 6.13 1.76 4.92 1.84 F=1.70 2, 40 0.20
California Verbal Learning Test 

long delay score 9.46 3.48 7.93 2.78 7.31 2.25 F=1.67 2, 40 0.20
Rey-Osterrieth Complex Figure 

copy score 33.23 2.35 31.40 3.70 31.93 3.16 F=1.35 2, 40 0.27
Rey-Osterrieth Complex Figure 

recall score 13.60 6.19 11.70 5.77 12.00 5.85 F=0.44 2, 40 0.65
a Significant difference between comparison subjects and early-onset depression patients (p≤0.05).
b Significant difference between comparison subjects and late-onset depression patients (p≤0.05).
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4) and, to a lesser extent, between subjects with early-onset
depression and comparison subjects (panel 3). Permuta-
tion testing confirmed the overall significance of hippo-
campal regional effects between each disease group and
the comparison group (corrected p values: patients with
early-onset depression versus comparison subjects: right,
p<0.02; left, p<0.02; patients with late-onset depression
versus comparison subjects: right, p=0.006; left, p=0.001).
Comparisons between the two disease groups showed that
patients with late-onset depression had more pronounced
local volume reductions concentrated in anterior aspects
of the subiculum, as well as lateral-posterior aspects of the
CA1 subfield (panel 5). Permutation analyses showed that
the regional patterns of hippocampal volume reduction
were significant for the left hemisphere and just less than
significant for the right hemisphere (corrected p values:
right, p<0.08; left, p<0.05). Surface mapping did not reveal
any surface expansions between groups.

Cognitive Correlations

Significant positive associations between cognitive per-
formance and hippocampal volumes were observed
among patients with late-onset depression but not among
patients with early-onset depression or comparison sub-
jects. Hippocampal volumes were associated with perfor-
mance on the two nonverbal tests (Rey-Osterrieth Com-
plex Figure copy: right, r=0.72, p=0.006; left, r=0.60, p<0.04;
Rey-Osterrieth Complex Figure recall: right, r=0.58,
p<0.05; left, r=0.60, p<0.04). The association between the
right hippocampal volume and the Rey-Osterrieth Com-
plex Figure copy score survived Bonferroni correction.

Significant positive correlations, confirmed by permu-
tation tests, were observed between both verbal and non-
verbal tests and hippocampal surface morphology within
the late-onset depression subgroup but not within pa-
tients with early-onset depression or comparison subjects
(permutation-corrected p values, late-onset depression:
California Verbal Learning Test trial 1: right, p=0.04; left,
p<0.04; California Verbal Learning Test long delay: right,
p=0.16; left, p=0.03; Rey-Osterrieth Complex Figure copy:
right, p=0.01; left, p=0.001; Rey-Osterrieth Complex Figure
recall: right, p<0.02; left, p<0.02). Figure 2 shows three-di-

mensional statistical maps correlating the delayed recall
score on the California Verbal Learning Test with hippo-
campal radial atrophy within the late-onset depression
and the early-onset depression subgroups.

Discussion

For the first time, to our knowledge, in this report, we
used novel computerized surface-based image analysis
techniques to isolate regional hippocampal volume defi-
cits in elderly depression based on age at illness onset. The
key findings were the following:

1. Significant surface contractions indexing regional
volume deficits in the hippocampal head, possibly
corresponding to areas in CA1-CA3 subfields and the
subiculum, when the depressed cohort was exam-
ined as one group

2. Similar spatial patterns of significant bilateral surface
contractions between patients with late-onset de-
pression and comparison subjects and, to a lesser ex-
tent, between patients with early-onset depression
and comparison subjects, with minor involvement of
the subiculum

3. Comparison of the two disease groups revealed sig-
nificant left regional hippocampal reductions in pa-
tients with late-onset depression, possibly concen-
trated in the subiculum and in posterior-lateral
aspects of the CA1

4. Significant relationships between hippocampal defi-
cit patterns and memory performance among pa-
tients with late-onset depression but not patients
with early-onset depression

Global volume differences were consistent with most
earlier studies (1–5), showing smaller hippocampal vol-
umes in elderly depressed patients in relation to compari-
son subjects, although some reports have shown differ-
ences as being more pronounced for the right than for the
left hemisphere (1, 2). Our results may support other work
that dichotomized subjects by age at illness onset (1, 4, 5)
and found greater hippocampal volume reductions in
late-onset depression. Indeed, in the present study, tradi-

Comparison Versus 
Early Onset

Comparison Versus 
Late Onset

Early Versus 
Late Onset

χ2 df p χ2 df p χ2 df p
3.65 1 0.06 0.09 1 0.77 1.40 1 0.24

F df p F df p F df p
6.38 1, 56 0.04 1.09 1, 54 0.30 9.87 1, 44 0.01
5.38 1, 53 0.02 5.53 1, 53 0.01 0.04 1, 42 0.84
— — — — — —
— — — — — —
— — — — 0.76 1, 44 0.39

0.11 1, 56 0.75 0.76 1, 54 0.39 1.29 1, 44 0.26
1.24 1, 51 0.27 0.68 1, 51 0.41 4.42 1, 42 0.04
8.01 1, 53 0.02 8.39 1, 51 0.02 1.65 1, 41 0.62
5.79 1, 53 0.06 6.86 1, 51 0.04 0.45 1, 41 0.51
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tional volumetric analyses displayed significant differ-
ences between each disease group and the comparison
group, with greater deficits in patients with late-onset de-
pression versus comparison subjects than patients with
early-onset depression versus comparison subjects, but
we did not detect significant differences in global hippo-
campal volume between early-onset and late-onset de-
pression. However, when computational mapping meth-
ods were applied, the two disease groups not only differed
significantly from the comparison subjects but also from
each other. Indeed, when effects are highly localized,
maps are likely to detect regional changes in hippocampal
structure that volumetric measures may miss (22).

Damage to particular subfields is supported by post-
mortem studies, revealing complex neuronal abnormali-
ties in the subiculum (37) as well as in distinct layers of
hippocampal subfields, with highest changes in the CA1,
followed by the CA2 and the CA3 (38).

Factors that may contribute to hippocampal damage in-
clude hypercortisolemia and ischemia. Of interest, the
CA1 and CA2 subfields appear especially vulnerable to
vascular damage (39), which may correspond well with
our maps of local volume reductions in both early-onset
and late-onset depression and with the hypothesis that es-
pecially ischemic small-vessel disease may be implicated
in the pathogenesis of elderly depression (40). Our maps
may also suggest possible damage to the CA3 subregion.
Both the CA2 and CA3 subregions receive the major hypo-
thalamic projection to the hippocampus formation. Since
the hippocampus is thought to modulate the secretion of

FIGURE 1. Hippocampal Maps Showing Depressed Patients
and Comparison Subjectsa

a Panel 1: schematic representation of the hippocampal subfields is
mapped onto the hippocampal surface. Definitions are based on
Duvernoy and Bougouin (1998). Lower panels: statistical maps
compare hippocampal surface deformation/expansion between
elderly depressed patients (N=46) and comparison subjects (N=34),
between early-onset depressed patients (N=24) and comparison
subjects, between late-onset depressed patients (N=22) and com-
parison subjects, and between early-onset depressed patients and
late-onset depressed patients. Group sizes were early-onset depres-
sion (N=24), late-onset depression (N=22), and comparison sub-
jects (N=34). For all statistical maps, the color bar encodes the
probability values for the observed effects.

Top Bottom

Left Right

Depressed Patients < Comparison Subjects

Patients With Early-Onset Depression < Comparison Subjects

Patients With Late-Onset Depression < Comparison Subjects

Patients With Late-Onset Depression < Patients With Early-Onset Depression

p Value 

0.100.050.01

CA1 CA2–3 Subiculum

FIGURE 2. Statistical Maps Showing Significant Relation-
ships Between the Delayed Recall Score on the California
Verbal Learning Test and Regional Hippocampal Atrophy
Within Late-Onset Depression (N=13) and Early-Onset
Depression (N=15)

Top Bottom

Left Right

Patients With Late-Onset Depression

Patients With Early-Onset Depression

p Value 

0.100.050.01
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adrenocorticotrophic hormone (41), enhanced vulnera-
bility to damage from cortisol may at least partly reflect
aberrant regulatory circuitry involving hippocampal sub-
fields linked to the hypothalamus.

Hippocampal connections are topographically orga-
nized along the anterior-posterior axis in addition to the
horizontal axis (42). For example, projections to and from
the prefrontal cortices occur in a gradient concentrated in
anterior hippocampal regions (43). Our prior investiga-
tions in elderly depression have shown bilateral gray mat-
ter abnormalities in distinct subregions of the prefrontal
cortex, including the anterior cingulate, the orbitofrontal
cortex, and the gyrus rectus (31, 32). Late-onset depres-
sion may be associated with greater cortical atrophy than
early-onset depression, especially in temporal and pari-
etal regions (26). This may offer a potential explanation for
the more pronounced local volume reductions in both the
hippocampal head and tail of subjects with late-onset de-
pression compared to subjects with early-onset depres-
sion, as found in the present study.

A key finding of our study was the observation of local
volume reductions concentrated in anterior aspects of the
subiculum, as well as lateral-posterior aspects of the CA1
subfield in late-onset depression compared with early-on-
set depression. With computational mapping approaches,
CA1 and subiculum involvement were found in patients
with mild cognitive impairment who later developed
Alzheimer’s disease (36). Patients with a late age of illness
onset may therefore be at a higher risk of developing de-
mentia over time. Our exploratory findings of significant
interactions between regional hippocampal surface con-
tractions and verbal as well as nonverbal memory perfor-
mance in late-onset depression but not early-onset de-
pression of a subgroup may further support this view.
Three-dimensional maps of cognitive correlates of hip-
pocampal surface morphology were more sensitive for de-
tecting these relationships than correlation of memory
scores with hippocampal volumes. Specifically, a strong
correlation for the CA1 subfield and the subiculum was
observed with the California Verbal Learning Test long de-
lay in the left hemisphere among patients with late-onset
depression, which may resemble patterns found in early
Alzheimer’s disease (36). Mini-Mental State Examination
scores differed significantly between patients with late-
onset depression and comparison subjects in the sub-
group, yet they remained within the normal range. In ad-
dition, patients with late-onset depression did not differ
from comparison subjects or patients with early-onset de-
pression in their mean delayed recall scores or any other
memory measure. This may imply that regional hippo-
campal atrophy patterns and their associations with
memory performance could become apparent before
clinical evidence of cognitive decline. Hippocampal atro-
phy may therefore be a candidate neurobiological marker
for defining risk profiles for dementia conversion. Longi-

tudinal studies are warranted to support this hypothesis
by specifically exploring the pathophysiology of structural
and neuropsychological changes over time and their rela-
tion to treatment and illness course (44). In particular, lon-
gitudinal studies may help clarify whether patients with
early-onset depression are more amenable to antidepres-
sant treatments than patients with late-onset depression.

The limitations of this study should be noted. Despite
the relatively small overall group size and the small size of
the subgroups, we were able to detect significant morpho-
logical differences between groups, and significant associ-
ations between regional hippocampal volume reductions
and memory performance, respectively. A larger group
will better define hippocampal regions that correlate best
with cognitive measures and determine the specificity and
sensitivity of our methods in defining risk profiles. In addi-
tion, combined MRI and postmortem studies with pro-
spectively gathered clinical information about depressive
symptoms and cognitive function would help elucidate
the link between changes seen in MRI and an underlying
neuropathology (e.g., Alzheimer’s disease) that may cause
depression. Without direct pathological validation, the in-
terpretation of the subregional involvement remains arbi-
trary. The subregional boundaries that we used were simi-
lar to those proposed by other research groups (22, 45).
Nevertheless, what we interpret as specific regional in-
volvement may reflect changes in another hippocampal
region. In addition, study groups were not optimally
matched for age and gender. However, our analyses in-
cluded age, gender, and total brain volume as covariates,
thus reducing the possibility of confounding effects.

In conclusion, we mapped hippocampal volume deficits
in elderly depression, showing prominent local reductions
in CA1-CA3 fields and the subiculum. This study is also the
first to our knowledge to show that concentrated volume
reductions in the CA1 and the subiculum distinguish late-
onset from early-onset depression. In addition, we pro-
vided preliminary evidence for a significant association be-
tween hippocampal surface contractions and memory
performance among patients with late-onset but not early-
onset depression. Identifying regional abnormalities in
hippocampal structure may thus help dissociate possible
neuroanatomic vulnerabilities to illness progression based
on age at onset, thereby offering potentially new perspec-
tives for defining appropriate interventions.
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