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Objective: Several studies have found re-
duced hippocampal volume in patients
with unipolar depression, but discrepan-
cies exist. The authors performed a sys-
tematic review and meta-analysis of volu-
metric studies of the hippocampus in
patients with mood disorders.

Method: Studies of hippocampal volume
in unipolar and bipolar patients were
identified. A meta-analysis of the 12 stud-
ies of unipolar depression fulfilling spe-
cific criteria was performed. The sample
comprised 351 patients and 279 healthy
subjects.

Results: The studies were highly hetero-
geneous regarding age and gender dis-
tribution, age at onset of the disorder,
average number of episodes, and respon-

siveness to treatment, but the pooled ef-
fect size of depression was significant in
both hemispheres for the unipolar pa-
tients. The weighted average showed a re-
duction of hippocampal volume of 8% on
the left side and 10% on the right side. The
causes of the heterogeneity were ana-
lyzed, and a meta-regression showed that
the total number of depressive episodes
was significantly correlated to right but not
left hippocampal volume reduction.

Conclusions: Hippocampal volume is re-
duced in patients with unipolar depres-
sion, maybe as a consequence of repeated
periods of major depressive disorder. Bipo-
lar patients did not seem to show a reduc-
tion in hippocampal volume, but this has
been much less investigated.

(Am J Psychiatry 2004; 161:1957-1966)

Increasing evidence has shown structural cerebral ab-
normalities in patients with unipolar and bipolar depres-
sion. Several studies have thus indicated an increased ven-
tricle/brain ratio and other signs of both generalized and
localized cerebral atrophy of the prefrontal cortex, cingu-
late gyrus, caudate nucleus, cerebellum, and hippocampus
(for reviews see references 1-4). Often this atrophy is found
to correlate with poor treatment response and shorter time
to recurrence of the disease. Functional neuroimaging has
also pointed to widespread abnormalities in the brain dur-
ing depression (5).

The hippocampus is one of the areas in the brain that
has been extensively studied in patients with mood disor-
ders. This interest rests on a large body of neuropsycho-
logical and neuroimaging studies. The hippocampus is in-
volved in episodic, declarative, contextual, and spatial
learning and memory (6, 7), deficits which often accom-
pany depression (8, 9). Furthermore, extensive rodent and
human research has shown that its mnemonic functions
and its neuroplasticity are highly sensitive to stress, i.e., in-
creased cortisol levels (see reference 10 for an excellent re-
view), which is found in a large proportion of patients with
major depression (11).

In a Danish positron emission tomography (PET) study
that included 42 acutely depressed patients and 47
matched healthy volunteers, one of the main findings was
increased blood flow to the right hippocampus (12, 13).
Accordingly, several other PET studies have found abnor-
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malities in this structure in depression under various
scanning conditions (14-19).

The hippocampus of patients with unipolar depression
has been studied since 1993 using magnetic resonance
imaging (MRI) techniques to reveal changes in volume,
density, and water contents. Some volumetric studies
have found significant bilateral volume deficits in depres-
sion (20-22). Others have found significantly lower vol-
ume in the right hemisphere (23, 24) or in the left hemi-
sphere (25-27), but several studies have failed to find any
differences (28-34).

Likewise, the picture is inconsistent regarding the corre-
lation between measurements of hippocampal volume
and clinical characteristics of the patient groups. One
study found a correlation between age at onset of depres-
sion and hippocampal volume, namely that patients with
late onset tended to have smaller hippocampi, especially
in the right hemisphere (24). Other studies found the op-
posite to be the case (23) or could not confirm any rela-
tionship at all (33). Several authors have also tried to corre-
late the accumulated duration of episodes of depression
to the volume of hippocampus and found that longer total
duration of the disease or more episodes was correlated to
smaller volumes (20-22). Important discrepancies do,
however, still exist (26, 28, 33, 34). Finally, responsiveness
to treatment has been correlated to volume reduction,
which is often most pronounced in the right hippocampus
(27, 32, 35).
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TABLE 1. Studies of Hippocampal Volume in Patients With Unipolar Depression

Patients
Magnet Slice Left Volume Right Volume
: 3 3

Strength  Thickness Age (years) Male (mm°) (mm°)
Study and Year (T) (mm) N Mean SD (%) Mean SD Mean SD RECUR?
Posener et al. (28), 2003 1.5 1.0 27 33.0 10.7 44 2546.0 392.7 2948.4 446.7 3
MacQueen et al. (ZO)b, 2003 1.5 1.2 20 28.4 11.8 35 2738.0 301.1 2793.0 303.8 1
MacQueen et al. (20)°, 2003 1.5 1.2 17 35.9 11.1 35 2381.0 2735 2392.0 256.7 3
Frodl et al. (29), 2002 1.5 1.0 30 40.3 12.6 43 3681.0 393.0 3847.0 400.0 1
Rusch et al. (30), 2001 1.5 1.2 25 33.2 9.5 44 1770.0 230.0 1870.0 240.0 2
Mervaala et al. (25), 2000 1.5 3.0 34 42.2 12.2 47 3104.0 391.0 3462.0 405.0 3
Vakili et al. (32), 2000 1.5 3.0 38 38.5 10.0 45 2640.0 550.0 2610.0 580.0 2
von Gunten et al. (31), 2000 1.5 1.5 14 57.6 42 2498.6 294.8 2597.9 244.0 1
Steffens et al. (24), 2000 1.5 3.0 66 71.7 8.4 23 2920.0 360.0 2980.0 390.0 3
Bremner et al. (26), 2000 1.5 —¢ 16 43.0 8.0 63 940.0 208.0 982.0 269.0 3
Ashtari et al. (33), 1999 1.0 3.1 40 74.3 6.0 29 1745.0 380.0 1742.0 345.0 3
Sheline et al. (50), 2003 1.5 1.3 24 50.8 171 0 2171.0 316.0 2203.0 315.0 3

a 1=first-episode patients, 2=mixed group, 3=patients with recurrent depression.
b Data on first time depression and recurrent depression presented separately in this table.

¢ Data not given.

Because of these discrepancies, which make it very dif-
ficult to reach a conclusion by simple summation of pre-
vious results, we decided to perform a meta-analysis of
the effect of depression on hippocampal volume, hypoth-
esizing that at least some of the discrepancies can be
explained by between-group differences in number of
recurrences.

Method

The MEDLINE and EMBASE electronic databases were searched
using the following medical subject heading (MeSH): “Mood dis-
orders” and “Magnetic Resonance Imaging” and “Hippocampus.”
To make sure no study was missed, a free-text search was per-
formed on the words “depression” and “MRI” and “hippo-
campus.” The search covered the years from 1966 through 2003.
Furthermore, all reference lists of the obtained papers were scru-
tinized for studies not indexed in the electronic databases.

If not otherwise stated, all the studies reviewed herein fulfill
the following criteria: 1) thorough clinical characterization of
the patients with DSM-1V, ICD-10, or an equivalent system used
as a diagnostic tool; 2) a comparison group of nearly the same
size or larger than that of the probands, with approximately the
same average age; 3) exclusion of patients and comparison sub-
jects with neurological disorders or medical diseases that could
affect brain function; 4) exclusion of subjects with alcohol or
drug dependency/abuse; and 5) comparison groups screened
for psychiatric disorders. Since the first studies used scanners
with low resolution unable to distinguish between the hip-
pocampus and the adjacent amygdala, these studies were not
considered.
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In the present report all relevant studies were scrutinized, but
only studies stating the mean and standard deviation of the hip-
pocampal volume in each hemisphere separately were included
in the meta-analysis. We converted all volumes to mm3 before en-
tering them into the meta-analysis. Furthermore, this analysis
was only carried out for studies of patients with unipolar depres-
sion and not for bipolar disorder patients, since these studies
were few and very heterogeneous regarding the scanning tech-
niques and actual measurements of hippocampal volume com-
pared with the studies of unipolar depression patients.

The calculations were performed by using STATA, version 8
(Stata Corp., College Station, Tex.) by means of the Metan, Meta-
reg, Metainf, and Metabias programs. The meta-analyses were
performed by using a random effects model weighting the stud-
ies by the inverse variance and calculating the Dersimonian-
Laird effect size. The random effects model was chosen because
it is considered more conservative than a fixed effects model,
since it takes into account the variability between studies leading
to wider confidence intervals (CIs). Furthermore, the analyses
were repeated excluding one study at a time to ensure that the re-
sults were not skewed by a single outlier. Heterogeneity, i.e.,
whether the differences between studies were greater than
would be expected by chance alone, was assessed by the Q test
and further analyzed by so-called meta-regression, a linear re-
gression of the effect sizes against selected covariates. Meta-
regression using the Metareg program was conducted to evaluate
factors that could affect results between studies, such as dif-
ferences in gender distribution or average age. A variable called
RECUR was defined for each study and assigned a value of 1 if the
study comprised patients with first-episode depression only and
a value of 3 if all the patients participating in the study had re-
current depression. In three studies a value of 2 was assigned
because the patient group was considered to consist of both
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Comparison Subjects

Left Volume Right Volume
Age (years)  pale (mm?) (mm?) Hippocampal Volume:

N Mean SD (%) Mean SD Mean SD Between-Group Differences and Clinical Correlations

42 332 1038 45 2475.0 359.4 29939 414.2 Nosignificant between-group difference. No correlation with number of
episodes or accumulated duration of disease.

20 284 115 35 2761.0 368.4 2784.0 342.2 No significant between-group difference.

17  36.2 1.9 35 2703.0 249.0 2692.0 190.1 Bilateral hippocampal volume deficits in patients relative to comparison
subjects. Correlation between bilateral hippocampal volume deficits
and length of illness.

30 40.6 125 43 3772.0 397.0 3763.0 411.0 No significant between-group difference.

15 374 144 40 1760.0 250.0 1810.0 210.0 No significant between-group difference.

17 421 146 35 3441.0 436.0 3700.0 467.0 Significantly lower left hippocampal volume in patients relative to
comparison subjects.

20 403 104 45  2460.0 380.0 2600.0 510.0 No significant between-group difference. Correlation between smaller
right hippocampal volume and poor antidepressant response in
women.

14 58.1 42 26444 4094 2699.5 321.7 No significant between-group difference.

18  67.1 5.0 50 3170.0 440.0 3300.0 440.0 Significantly lower right hippocampal volume in patients relative to
comparison subjects. Negative correlation between hippocampal
volume and age at onset (older onset age associated with smaller
hippocampus).

16 450 10.0 63 1166.0 248.0 1113.0 194.0 Significantly lower left hippocampal volume in patients relative to
comparison subjects. No correlation with number of episodes.

46 714 0.3 40 1853.0 348.0 1843.0 337.0 Nosignificant between-group difference. No correlation with number of
episodes or age at onset.

24 528 17.8 0 2421.0 3180 2429.0 326.0 Bilateral hippocampal volume deficits in patients relative to comparison

subjects. Correlation between total hippocampus volume and days of
untreated depression.

types of patients (Table 1). This variable was also used in a meta-
regression.

Begg’s and Egger’s tests were used to test for publication bias,
i.e., the phenomenon in which for instance studies with negative
results are not published.

Results

Unipolar Depression

Twelve studies comprising 351 patients and 279 healthy
subjects fulfilled the aforementioned criteria and were en-
tered into the meta-analysis (Table 1). The studies deviate
markedly on several demographic characteristics of the
study groups: the mean age varies from 28 to 74 years and
the percentage of male subjects in each group varies from
0 to 63. Clinically, some of the studies comprise patients
with first-episode depression (20, 29, 31) or treatment-re-
sistant depression (25). Furthermore, the average volumes
measured varied somewhat, with one study deviating es-
pecially noticeably (26).

The Q test of heterogeneity (df=11) was highly signifi-
cant as expected (left side: p<0.003; right side: p<0.01). For
this reason the effect size was calculated under the as-
sumption of a random effects model. The Derimonian-
Laird pooled effect size revealed bilateral statistical signif-
icance: —0.38 (95% CI=-0.65 to —0.11) for the left hippo-
campus (Figure 1) and —0.32 (95% CI=-0.56 to —0.08) for
the right hippocampus (Figure 2). The average volume re-
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duction weighted by sample size was 8% in the left hemi-
sphere and 10% in the right.

Begg’s and Egger’s tests for publication bias were both
far from significant (smallest p=0.135), confirmed graphi-
cally by a funnel plot (Figure 3). The meta-analysis was re-
peated omitting one study at a time to ensure that the re-
sult was not skewed by a single study. This procedure did
not change the random-effect estimate notably, as it in all
cases continued to be statistically significant.

The significant heterogeneity was then analyzed using
meta-regression. A priori we assumed that interstudy dif-
ferences in age and gender distribution could explain some
of the variation. Analyzed separately and together these
variables were, however, not significantly correlated with
the random effect estimate in either hemisphere (data
available upon request). Meta-regression using the vari-
able RECUR (Table 1) as covariate showed a significant
negative correlation with the random-effect estimate in the
right hemisphere (r=—0.30; z=—2.36, p<0.02) and nonsignif-
icant correlation in the left (r=-0.20; z=—1.18, p<0.24). This
means that the higher the proportion of patients with
recurrent depression, the smaller the volume of the right
hippocampus.

Bipolar Patients

Studies of the hippocampus in bipolar disorder patients
are shown in Table 2. Most of the studies except one (36)
showed no significant differences between patients and
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FIGURE 1. Standardized Mean Difference of Left Hippocampal Volume in Patients With Depression Relative to Comparison
Subjects From a Meta-Analysis of 12 MRI Studies?

Standardized Mean Difference

Study (95% CI) % Weight
Frodl 2002 I -0.23 (-0.74, 0.28) 9.2
Macqueen 2003 —-0.07 (-0.69, 0.55) 7.9
von Gunten 2000 - -0.41 (-1.16, 0.34) 6.6
Mervaala 2000 _ -0.83 (~1.43,-0.22) 8.1
Rusch 2001 l [ 0.04 (-0.60, 0.68) 7.7
Vakili 2000 | —— 0.36 (~0.18, 0.91) 8.7
Ashtari 1999 —-—— -0.30 (-0.72,0.13) 102
Bremner 2000 ] : -0.99 (-1.72, —0.25) 6.7
Macqueen 2003 N | —1.23 (-1.97, -0.49) 6.7
Posener 2003 } _ — 0.19 (-0.29, 0.68) 9.5
Sheline 2003 —_— —+ ~0.79 (-1.26, -0.32) 9.7
Steffens 2000 —-—}— -0.66 (~1.19, -0.13) 8.9
|
Overall (95% CI) <> —0.38 (-0.65,-0.11)
[ ]

-1.96801 0.00000

Standardized Mean Difference

1.96801

a Overall difference represents the Derimonian-Laird pooled effect size, calculated under the assumption of a random effects model. Studies
are grouped by their RECUR variable, a value assigned on the basis of patient group type (1=first-episode patients, 2=mixed group, 3=patients
with recurrent depression).

FIGURE 2. Standardized Mean Difference of Right Hippocampal Volume in Patients With Depression Relative to Compari-
son Subjects From a Meta-Analysis of 12 MRI Studies?

Standardized Mean Difference

Study (95% CI) % Weight
Frodl 2002 Ait 0.21 (~0.30, 0.71) 93
Macqueen 2003 0.03 (-0.59, 0.65) 7.8
von Gunten 2000 ‘ -0.36 (<1.10, 0.39) 6.3
Mervaala 2000 — — -0.56 (~1.15, 0.03) 8.1
Rusch 20071 -{——-— 0.26 (~0.38, 0.90) 7.5
Vakili 2000 -t 0.02 (-0.52, 0.56) 8.8
Ashtari 1999 —-—— 030 (-0.72, 0.13) 105
Bremner 2000 ] : -0.56 (-1.27, 0.15) 6.8
Macqueen 2003 - | —1.33 (-2.08, —0.58) 6.3
Posener 2003 —I-— 0.1 (-0.59, 0.38) 9.7
Sheline 2003 — —+ ~0.71(-1.17,-0.24) 10.0
Steffens 2000 —H ~0.80 (-1.33,-0.26) 8.9
|
Overall (95% Cl) = -0.33 (-0.57, -0.09)
[ |

-2.07508 0.00000 2.07508

Standardized Mean Difference
a Overall difference represents the Derimonian-Laird pooled effect size, calculated under the assumption of a random effects model. Studies

are grouped by their RECUR variable, a value assigned on the basis of patient group type (1=first-episode patients, 2=mixed group, 3=patients
with recurrent depression).

comparison subjects (37-42). Several of the studies did,
however, use a very crude slice thickness to calculate the
volumes, which increased the variation. Furthermore, one
of the studies reports very deviating volumes of the hippo-

campus. Despite such methodological shortcomings the
results are rather uniform, indicating that the volume of
hippocampus is not changed in bipolar disorder. How-
ever, in an uncontrolled study Ali et al. (43, 44) found that
1960

http://ajp.psychiatryonline.org Am | Psychiatry 161:11, November 2004



FIGURE 3. Publication Bias Test of Meta-Analysis Results?®
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a For the 12 studies that showed an overall statistically significant difference in hippocampal volume between depressed patients and healthy
subjects, the Begg’s funnel plot confirms no obvious signs of publication bias.

larger right hippocampal volume was associated with
longer duration of the illness and poorer neuropsycholog-
ical functioning.

Discussion

The question whether depression is associated with
shrinkage of the hippocampus is indeed important for our
understanding of the disease. From Table 1 it is seen that
two studies found significant bilateral volume deficits, one
found significantly reduced volume in the right hemi-
sphere, and two found reduction in the left, whereas seven
studies failed to find any differences. In contrast, the
meta-analysis of the 12 studies included showed a signifi-
cant effect size of depression on the volume of hippocam-
pus in both hemispheres, most pronounced in the right.
Furthermore, the volume reduction in the right hippo-
campus was significantly correlated to the number of epi-
sodes. Tests for publication bias both fell out negatively.

Heterogeneity of Studies

The marked differences among patient groups regard-
ing age and gender distribution, age at first depression, av-
erage number of episodes, and responsiveness to treat-
ment were a priori expected to increase the variation of
hippocampal volume. Further increase in variation was
expected considering differences in scanning protocols
and delineation of the structures in question. Meta-analy-
sis plays an important role precisely because of these pos-
sible serious confounders, since it is most likely that some
of the confounding effects are diluted or even cancel each
other out in the large number of patients analyzed. This
increases the extendibility of the results to the general
population of depressed patients (45). The risk, of course,
is that the results of the studies point in so many directions
that they too cancel each other out and obscure important
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links between volume and depression in certain subpopu-
lations of patients.

It is therefore important to analyze the causes of the sig-
nificant heterogeneity found among the studies included.
The studies of unipolar depression patients are compara-
ble regarding the MRI scanner used and spatial resolution
applied in contrast to the studies of bipolar disorder pa-
tients. None of the studies showed any statistical differ-
ences in total intracranial volume between patients and
healthy subjects, but all authors corrected for this, either
by using relative measurements or by using total intra-
cranial volume as a covariate in the statistical analysis.

Differences in scanning protocols and the delineation of
the hippocampal boundaries on the MRI scans are thus
important sources of variation between the measurements
(46, 47). The meta-analysis is, however, relatively robust
against this, since the effect of such moderators in the indi-
vidual studies were the same in both patients and compar-
ison subjects, and studies using protocols that cause large
variance have less influence on the summarized effect size
in the meta-analysis because of the weighting of studies.
One study especially stood out with very deviating mea-
surements (26) but did not skew the analysis, since step-
wise exclusion of one study at a time did not change the
effect sizes significantly. The results of the meta-analysis
thus cannot be attributed to any single study with extreme
results. Clinical and demographical variables can, how-
ever, play an important role and were therefore controlled.

Age and Gender

The hippocampus is generally larger in men than in
women, a fact accounted for in the selection of compari-
son subjects or, in a few of the included studies, by statisti-
cal means. Furthermore, decreased hippocampal volume
has been reported with increasing age in male but not fe-
male healthy volunteers (48). Moreover, significant inter-
action between hippocampal size, depression, and gender
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TABLE 2. Studies of Hippocampal Volume in Patients With Bipolar Depression

Patients
Magnet Slice Left Volume Right Volume
: 3 3
Strength  Thickness Age (years) Male (mm°) (mm°)
Study and Year (M) (mm) N Mean SD (%) Mean SD Mean SD
Brambilla et al. (40), 2003 1.5 1.5 24 35.0 10.0 63 3930.0 680.0 3910.0 710.0
Hauser et al. (41), 2000 0.5 5.0 25 41.8 10.5 48 6.8 1.12 6.4° 0.8?
Strakowski et al. (42), 1999 1.5 1.0 24 27.0 6.0 71 4300.0 600.0 4300.0 600
Altshuler et al. (38), 1998 1.5 1.4 12 50.8 13.3 100 2306.0 406.0 2462.0 412.0
Pearlson et al. (37)b, 1997 1.5 5.0 11 34.9 8.6 0 399.0 145.0 384.0 45.0
Pearlson et al. (37)b, 1997 1.5 5.0 16 349 8.6 100 408.0 76.0 414.0 77.0
Swayze et al. (36), 1992 0.5 10.0 48 33.9 —b 60 1340.0 380.0 1310.0 380.0

2 Unit of measurement not stated in paper.
b Data on male and female subjects given separately.
¢ Data not given

was observed in at least one study of patients with first-ep-
isode depression (29). In this study, the volume of the left
hippocampus was smaller in male patients, whereas the
right was larger in female patients. If correct, this could
confound the results of the studies mentioned in Table 1
as the female-to-male ratio varies considerably (from 0%
to 63% male). Generally it is also problematic to draw any
conclusions from a study of predominantly male partici-
pants to the predominantly female population of de-
pressed patients. Using linear meta-regression we were,
however, unable to demonstrate any significant con-
founding of age and gender on the summarized effect size.

Treatment Response

The ratio between treatment response and treatment
resistance in the study populations may also influence the
results. In three studies smaller volume in right hippocam-
pus (32, 35) or reduced density in the left (27) was linked to
poor response to antidepressant medication. It is difficult
to account for the importance of this fact, since the fre-
quency of refractory depression is practically never stated
in the studies. If this result is confirmed, it is clinically very
interesting as a potential predictor of treatment response.

Cumulative Time Being Depressed

Several studies (20, 23) have found a negative correlation
between total lifetime duration of depression and volume
of the hippocampus since Sheline et al. (21, 22) reported
this in women. However, others did not find any relation-
ship between duration of depression or number of epi-
sodes and hippocampal volume (26, 28, 33). One study in
fact even found nearly the opposite to be the case: smaller
hippocampal volumes in late-onset depression (24), sup-
porting the notion that late-onset depression has a differ-
ent etiology and pathophysiology compared with early-on-
set depression (1, 49). Omitting this study from the present
analysis does not, however, change the results significantly.

Two studies of first-episode patients found no differ-
ences in hippocampal volume (20, 29). Accordingly, a
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meta-regression with the variable RECUR designating the
proportion of first-episode patients versus patients with
recurrent depression showed a highly significant correla-
tion with the estimate of effect size in the right hemi-
sphere. This means that the number of depressed epi-
sodes was correlated with lower volume of right but not
left hippocampus, and that some of the heterogeneity can
be explained by this variable. The RECUR variable is in-
deed a very crude measurement of recurrences and prob-
ably only loosely correlated to the accumulated time of
depression. This crudeness will increase the risk of type II
error, thus making our conclusion even stronger. Sheline
et al. extended their original data using a much more pre-
cise estimate, namely the number of days of untreated de-
pression, and correlated it with hippocampal volume.
Their results (R?=0.28, p=0.0006) revealed that 28% of the
variation in volume can be explained by this variable (50).

Other studies have used statistical parametric mapping
to estimate hippocampal size and found significantly
smaller right hippocampi in depressed patients, particu-
larly in patients with a longer course of illness (23). Others
found that subjects with chronic depression showed re-
duced gray matter density in the left temporal cortex, in-
cluding the hippocampus, and a tendency toward reduc-
tion in the right hippocampus (27).

Limitations of the Study

In principle, cross-sectional studies such as those in-
cluded in the present analyses cannot conclude about
causality. Does the depression cause shrinkage of the hip-
pocampus or are subjects with small hippocampi suscep-
tible to depression? It is tempting to conclude the former
on the basis of our meta-regression and the data of Sheline
et al. (50), but longitudinal follow-up studies are neces-
sary. We have therefore initiated a study along these lines
at our department.

A confounding effect of posttraumatic stress disorder
and early lifetime stress, which both are often followed by
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Comparison Subjects

Left Volume Right Volume
Age (years) Male (mm’) (mm’) Hippocampal Volume:

N Mean SD (%) Mean SD Mean SD Between-Group Differences and Clinical Correlations

36 37.0 10.0 63 4040.0 600.0 3850.0 540.0 No significant between-group difference. No correlation between
hippocampal volume and age at onset, accumulated duration of
disease, number of episodes, or lithium treatment.

19 33.2 7.1 53 6.6° 0.62 6.4° 0.72 No significant between-group difference.

22 28.0 6.0 59 4200.0 400.0 4200.0 400.0 No significant between-group difference. No correlation between
hippocampal volume and accumulated duration of disease,
number of episodes, or treatment.

18 53.4 11.1 100 2098.0 324.0 2222.0 388.0 Nosignificant between-group difference.

17 31.6 8.0 0 376.0 100.0 420.0 131.0 No significant between-group difference.

43 31.6 8.0 100 385.0 87.0 416.0 105.0 No significant between-group difference.

47 —< < 60 1440.0 410.0 1470.0 360.0 Significant lower right hippocampal volume in patients relative to

comparison subjects.

depression, cannot be completely excluded. In some stud-
ies, but not all, these conditions have been associated with
reduced hippocampal size (51, 52). Hence, it is important
in future studies to account for such factors.

Other factors can also act as confounders, such as ado-
lescent-onset alcohol abuse, which has been connected to
smaller hippocampi (53), but this has been accounted for
in the studies.

We abstained from performing a meta-analysis of the
data on bipolar disorder patients because of the small num-
ber of studies and because some of the studies used scan-
ning techniques that today must be considered suboptimal.
The conclusions on this topic are therefore tentative.

Depression, Hippocampal Shrinkage,
Cognitive Deficits, Dementia?

Volume reduction of the hippocampus offers an expla-
nation of recent epidemiological and clinical findings of
depression being a risk factor for dementia. A large register
study showing that affective patients had an increased risk
of developing dementia compared with the general Danish
population (54) has recently been confirmed by meta-
analyses (55, 56). Moreover, cognitive impairment has
been demonstrated even in the euthymic phase in patients
with unipolar depression and bipolar disorder (57, 58), and
severity of the deficits has been shown to correlate with the
number of affective episodes (59).

A few MRI studies have supported a connection be-
tween hippocampal abnormalities in depressed patients
and cognitive deficits. In a study of patients with chronic
depression, reduced gray matter density was found in the
left temporal cortex, including the hippocampus, as well
as a tendency toward reduction in the right hippocampus.
Left hippocampal gray matter density was correlated with
verbal recognition memory: the higher the density, the
better the performance (27). Relative to matched compar-
ison subjects, euthymic women with recurrent depression
showed smaller bilateral hippocampal volumes and a
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lower score in verbal memory, which is a neuropsycholog-
ical measure of hippocampal function. In contrast, no dif-
ference in overall brain size or general intellectual perfor-
mance was found (22). Concurrently, another study found
impairments on hippocampus-dependent verbal mem-
ory tests in both patients with first-episode depression
and those with multiple episodes. However, only the latter
group had hippocampal volume reductions, which sug-
gests that dysfunctions of the hippocampus predate de-
tectable structural changes (20).

Two studies of geriatric depression found correlations
between the brief assessment of memory and attention
from the Mini-Mental State Examination and volume def-
icits in the left (24) and bilateral (33) hippocampus, al-
though one study did not find any associations (23). It is of
interest that having a small left hippocampus has been
found to predict dementia at 5-year follow-up in a group
of 115 older nondemented depressed individuals (60).

What Is the Mechanism Behind
the Decreased Hippocampal Volume?

The nature of the volume reduction of hippocampus is
not known. The elevated glucocorticoid levels often seen
in severely depressed patients (11) along with the de-
creased hippocampal volume suggest a mechanism for
putative neuronal loss seen within depressive patients ei-
ther by apoptosis (programmed cell death) or inhibition of
neurogenesis (61-63). Other mechanisms are, however,
also possible, such as reduction of the volume of individ-
ual neurons or reduction of glia tissue (64, 65). Numerous
animal studies have shown that glucocorticoids are toxic
to the hippocampus, analogous to what is seen in Cush-
ing’s syndrome, in which the patients exhibit cognitive
dysfunction, depression, and reduced hippocampal vol-
ume in addition to the other symptoms characteristic for
this disease (66). It is thus well established that approxi-
mately half of depressed patients have hypothalamic-
pituitary-adrenal (HPA) axis hyperactivity (11, 67, 68). This
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abnormality could implicate hippocampal dysfunction
because of its inhibitory influence on the HPA axis (69-71).
In a PET study of relatively acutely depressed patients, we
found markedly increased blood flow to the hippocampus
(12), whereas others have found decreased activity in the
parahippocampal area in a study of patients with treat-
ment-resistant depression with a very long depression his-
tory (72). It is therefore tempting to hypothesize that in
some types of depression, stressful life events may initiate
avicious circle in which increased cortisol levels gradually
overstimulate the hippocampal cells, leading to their
death and further decreasing the inhibitory regulation of
the HPA axis (73-76). However, only one volumetric study
of depression has been performed where the authors also
measured cortisol after a dexamethasone suppression
test, but unfortunately their MRI technique did not allow
separation of amygdala from the hippocampus (77). In fu-
ture research the combination of measuring HPA activity
together with hippocampal volume in longitudinal studies
is important.

It is not known whether the reduction in volume is re-
versible. Several studies have, however, suggested that
treatment of depression can stop hippocampal atrophy or
even reduce it (78-80), and a recent study has suggested
that the behavioral effects of chronic antidepressant treat-
ment may be mediated by the stimulation of neurogenesis
in the hippocampus (81). Furthermore, neuropathological
evidence from postmortem studies of patients with major
depressive disorder or bipolar disorder suggests that de-
pression is a disorder of neuroplasticity and cellular resil-
ience and not a neurodegenerative disease (65, 82). The
aforementioned connection between depression, stress,
cortisol, and reduced hippocampal volume is intriguing. It
is tempting to speculate that the hippocampus in patients
with bipolar disorder being of normal size points to differ-
ences in pathogenesis between unipolar depression and
bipolar disorder, but this requires further research be-
cause of the small number of volumetric studies of bipolar
disorder patients.

Conclusion

In the present meta-analysis we found an average re-
duction of hippocampal volume of 8% in the left hemi-
sphere and 10% in the right hemisphere in depressed
patients relative to comparison subjects. It is interesting
that a recent PET study of acutely depressed patients also
found abnormalities in the right hippocampus (12). Re-
duced hippocampal volume is, however, not specific for
depression, since it is also seen to a much larger degree in
Alzheimer’s disease (83).

The present findings of reduced hippocampal volume
in unipolar depression and a correlation with the number
of episodes are clinically interesting and in accordance
with the predictions of the so-called glucocorticoid cas-
cade hypothesis, although other explanations are also
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possible. If hippocampal volume reduction is a conse-
quence of untreated depression, secondary prophylaxis to
prevent the damage to the hippocampus becomes ex-
tremely important, especially since several studies suggest
that treatment can stop the shrinkage or even reduce it. To
test these hypotheses, longitudinal studies are necessary.
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