
Studies have found abnormalities in hippocampal volumes in
patients with major depression.1,2 Although the hippocampus has
been found to be smaller in patients with depression, prospective
longitudinal studies are necessary to investigate whether a smaller
hippocampal volume predicts the course of depression. The only
study that investigated the predictive effect in a longer follow-up
period reported that patients who had not remitted at the 1-year
follow-up investigation showed significantly reduced left and right
hippocampal volumes compared with patients who had remitted;
however, no relapse prediction was done in this study.3 In recent
meta-analysis, gender differences in hippocampal volumes were
discussed.1 The aim of the present study was to examine the
relationship between hippocampal volume and 2-year outcome
of depression. The hypothesis was that patients with recurring
depression have smaller hippocampal volumes at the beginning
of the study in comparison with patients with stable remission,
and healthy controls. Additionally, gender effects were examined.

Method

A total of 57 in-patients with DSM–IV major depression treated in
the Department of Psychiatry of the University in Heidelberg were
recruited.4 Diagnoses were based on the Structured Clinical Inter-
view for DSM–IV (SCID). The mean age of the 33 female and 24
male patients at initial assessment was 43.54 years (s.d.=12.82,
range 18–64). Twenty-seven (47.37%) were married, 22 (38.6%)
had a high and 35 (61.4%) a low level of school education; 26
(45.61%) patients had a first episode of major depression whereas
31 (54.39%) had recurrent depression. Mean score on the
Hamilton Rating Scale for Depression (HRSD) at admission to
treatment was 22.74 (s.d.=6.58). For comparison, 30 healthy
participants without a history of psychiatric disorders according
to the SCID were recruited. Patients with major depression did
not differ significantly from healthy controls regarding age,
gender, height, weight, handedness, social class, education or
alcohol consumption.

The main investigations were carried out at the beginning of
treatment, at discharge from hospital as well as 1 and 2 years after
discharge. Relapse was defined according to DSM–IV criteria of
major depression. Follow-up criteria of Frank et al5 were used
in combination with the Longitudinal Interval Follow-up Evalua-
tion (LIFE).6 After a complete description of the study was given
to patients and healthy controls, written informed consent was
obtained. The study protocol was approved by the local ethics

committee and was prepared in accordance with the Declaration
of Helsinki.

Magnetic resonance imaging (MRI) scans of the whole brain
were obtained by using a Siemens 1.5 T magnetic resonance
scanner. T1-weighted three-dimensional magnetisation-prepared
rapid gradient echo sequences (3D–MPRAGE) and T2-weighted
images were acquired.4 Image processing was performed on a
computer workstation using BRAINS (Brain Research: Analysis of
Images, Networks, and Systems) software. As part of the segmen-
tation procedure of BRAINS, intracranial volume and total brain
volume were determined semi-automatically. Hippocampal volume
was measured by using a reliable and validated method, previously
described in detail.7 The hippocampal formation was traced
manually on the continuous segmented image (stereo image) pro-
vided by BRAINS. A detailed description of boundary definition
is provided at http://iowa-mhcrc.psychiatry.uiowa.edu/mhcrc/
IPLpages/manual_tracing. htm. The intraclass correlation co-
efficient (ICC) was 0.97 for the left hippocampus and 0.98 for
the right hippocampus.

Morphometric data were normally distributed. We performed
ANOVAs with repeated measurement to examine the relationship
between baseline and follow-up variables. The main interaction
effects of the within-participants factor time and the between-
participant factors outcome and gender were assessed by using
total cranial volume and age as the cofactors. Significant inter-
actions were resolved by univariate ANCOVAs on the hippo-
campal volumes for each region and prognostic group,
controlling for total cranial volume and age. Contrasts were
performed using the Tukey test. Results were considered stat-
istically significant if at or below 5% probability (two-tailed). Ana-
lyses were performed with SAS Version 9.12 for Windows.

Results

Follow-up data were obtained for all 57 patients. In the follow-up
period of 2 years, 49 (85.96%) of the 57 patients had remitted
from index depression: 21 (36.84%) patients suffered a recurrence
after recovery on average after 47.95 weeks (s.d.=29.13). Because
of the small number of patients with a chronic course and because
we do not know whether these patients will recover or have recur-
rences in the future, we excluded this group from the analyses.

The hippocampal volumetric data are shown in Table 1. A
significant main effect on hippocampal volume was found for
outcome (F=4.93, d.f.=2,71, P=0.01). The main gender effect
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Summary
Although the hippocampus has been found to be smaller in
people with depression, the clinical relevance of this is
unclear. We investigated hippocampal volume (using high-
resolution magnetic resonance imaging) and 2-year outcome
in 57 patients with major depression. The left and right
hippocampal volumes of patients with a depression relapse

were significantly smaller than those of healthy controls. Our
results support the hypothesis that the hippocampus is
crucial in the outcome of depression.
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was not significant (F=3.91, d.f.=1,71, P=0.05), whereas the inter-
action between outcome and gender was significant (F=3.38,
d.f.=2,71, P=0.04). The hemisphere (left–right asymmetry) main
effect (F=0.22, d.f.=1,71, P=0.64) and the interaction effect of
hemisphere and outcome (F=0.16, d.f.=2,71, P=0.85) were both
not significant. The covariates age and intracranial volume were
not significant either. Post hoc univariate ANCOVA revealed that
male patients with a recurrence of depression had significantly
smaller left (F=4.91, d.f.=2,24, P=0.02), right (F=4.49, d.f.=2,24,
P=0.02) and total (F=5.08, d.f.=2,24, P=0.01) hippocampal
volumes than healthy male controls. No significant differences
of left, right and total hippocampal volumes were found for
women. Additionally, there was no significant difference in the
total brain volume between the groups. Even after controlling
for current depression, duration of illness, age at onset, number
of episodes, severity of illness and medication using ANCOVA,
the differences in hippocampal volumes between the two outcome
groups remained significant.

Discussion

Overall, 37% of patients had a recurrence in the 2-year follow-up
period, which is in accordance with most follow-up studies on
depression. In the present study, it could be shown for the first
time that male patients with a recurrence after recovery from de-
pression had a significantly smaller left and right hippocampal
volume in comparison with healthy controls. No significant left–
right asymmetry effects for outcome prediction were revealed.
Since no significant differences in total brain volume could be
found between the groups, and intracranial volume and age were
controlled as covariates, the effect of hippocampal volume change
can be regarded as being specific and cannot be attributed to
general brain morphological changes or age effects. Thus, we could
complement the results of Frodl et al3 who showed a bilateral
hippocampal reduction for patients who had not remitted.

Regarding gender effects, results of past studies are hetero-
geneous.1,2 However, it is well known that the hippocampal
volume of healthy men is greater than that of healthy women
and that it decreases over the lifespan only in men. Some
recent studies found smaller hippocampal volumes more often
in men with depression than in women with depression.8 Thus,
it can be assumed that hippocampal volume reduction is a gender-
specific factor in the pathophysiology of depression.

It remains unclear whether smaller hippocampal volumes exist
before the onset of depression or the reductions are the result of
depression or other psychosocial influences. Analysis of the
prognostic effects of hippocampal volumes is no substitute for
longitudinal structural imaging studies in obtaining more inform-
ation on the causality of the relationship. Our results strongly point

to the clinical relevance of morphological alterations of the hippo-
campus by showing that these changes predict relapse in male
patients. Moreover, the present findings can also contribute to the
reformulation of neuroanatomical models of the pathophysiology
of depression in a more gender-specific conceptualisation. In
future studies, the mechanisms behind changes in hippocampal
volume and their relationship to treatment and outcome of
depression should be addressed.
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Table 1 Hippocampal volumes of patients with and without recurrence of depression compared with healthy controls: 2-year

follow-up

Patients with recurrence Patients with recovery and Healthy controls ANCOVAa

(n=21) without recurrence (n=28) (n=30) F P

Total hippocampal volume, cm3: mean (s.d.)

Men

Women

5.33b (0.79)

5.49 (0.69)

6.08 (0.92)

5.70 (0.65)

6.49 (0.49)

5.51 (0.66)

5.08

0.55

0.01

0.58

Left hippocampal volume, cm3: mean (s.d.)

Men

Women

2.66b (0.34)

2.67 (0.40)

3.02 (0.44)

2.81 (0.33)

3.19 (0.25)

2.72 (0.30)

4.91

0.80

0.02

0.45

Right hippocampal volume, cm3: mean (s.d.)

Men

Women

2.67b (0.48)

2.81 (0.34)

3.06 (0.50)

2.88 (0.34)

3.30 (0.29)

2.79 (0.41)

4.49

0.33

0.02

0.72

a. Intracranial volume and age as cofactors.
b. Patients with recurrence5healthy controls.
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