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Brief Report

Association of Depression Duration With Reduction of Global 
Cerebral Gray Matter Volume in Female Patients

With Recurrent Major Depressive Disorder 
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Objective: The authors investigated the relationship between
depression duration and cerebral gray matter volume in female
patients with recurrent major depressive disorder.

Method: Magnetic resonance imaging was used to measure in-
tracranial and total brain volumes as well as gray matter and
white matter volumes of the cerebrum; frontal, temporal, pari-
etal, and occipital lobes; cerebellum; and the lateral and third
ventricles in 23 female patients with DSM-IV major depression.

Results: Correlation and regression analyses showed a signifi-
cant relationship between total illness duration and cerebral
gray matter (including cortical lobe) volume after correction for
intracranial volume and age.

Conclusions: Depressive states may lead to changes in global
cerebral gray matter volume.

(Am J Psychiatry 2003; 160:2052–2054)

Only a few studies have investigated the effects of re-
current depressive states on brain morphology. Glucocor-
ticoid-induced neurotoxicity due to recurrent depressive
episodes is hypothesized to be involved in structural dam-
age to the hippocampus (1). Indeed, an association be-
tween decreased hippocampal volume and total lifetime
duration of depression was found in women with recur-
rent major depressive disorder (2). However, hippocampal
findings in depression have not been consistent (3), and
postmortem and neuroimaging studies have shown ab-
normalities in other brain regions as well, such as the fron-
tal cortex, basal ganglia, and cerebellum (1, 4, 5). On the
basis of these findings, we investigated a possible associa-
tion between depression duration and quantitative vol-
ume changes in cerebral gray matter in patients with re-
current depression.

Method

Twenty-three female outpatients with a lifetime DSM-IV diag-
nosis of major depressive disorder participated after written in-
formed consent was obtained. Diagnoses were established with
the Mini-International Neuropsychiatric Interview (6). Subjects
were screened with a self-report health questionnaire that re-
viewed demographic data and medical history. Included were pa-
tients whose onset of major depressive disorder occurred before
the age of 45. Exclusion criteria were comorbid psychiatric disor-
ders, a history of central nervous system disease, cerebrovascular
disease, dementia, and substance dependence.

Depression duration (months) was assessed in an interview by
using life-chart methodology. Depression severity at the time of
the scan was measured with the Montgomery-Åsberg Depression
Rating Scale (7). Global cognitive functioning was assessed with
the Mini-Mental State Examination (MMSE) (8). At the time of the
scan, 22 patients were receiving medication: antidepressants (N=
11), lithium (N=4), benzodiazepines (N=1), or a combination of

antidepressants with neuroleptics (N=3), lithium (N=2), or both
(N=1).

Magnetic resonance imaging (MRI) scans were acquired on a
Philips 1.5-T scanner: three-dimensional fast-field echo scans
(TE=4.6 msec, TR=30 msec, field of view=256×256 mm2) with 1.2-
mm contiguous coronal slices, and T2-weighted dual echo-turbo
spin echo scans (TE1=14 msec, TE2=80 msec, TR=6350 msec,
field of view=256×256 mm2) with 1.6-mm contiguous coronal
slices of the whole head. Quantitative assessments of intracranial
and total brain volumes as well as gray matter and white matter
volumes of the cerebrum (total brain excluding cerebellum and
stem); frontal, temporal, parietal, and occipital regions; cerebel-
lum; and the lateral and third ventricles were performed auto-
matically with methodology previously validated (9)

Analysis of linearity showed a significant linear component in
the relationship between depression duration and MRI data.
Pearson’s partial correlation coefficients with two-tailed signifi-
cance, correcting for intracranial volume, were calculated to
study the association between depression duration and MRI vol-
umes. In a linear regression analysis, the contribution of both age
and intracranial volume to the MRI volumes was studied. On four
scans, gray and white matter could not be segmented because of
movement artifacts. Analysis of these four cases showed no sig-
nificant differences between groups for age, depression duration,
level of education, or scores on the Montgomery-Åsberg Depres-
sion Rating Scale or the MMSE.

Results

The mean age of the patients was 62.8 years (SD=11.3,
range=46–82). The mean level of education was 11.3 years
(SD=4.1). The median Montgomery-Åsberg Depression
Rating Scale score was 12 (range=1–50). The mean MMSE
score was 28.1 (SD=1.6). Twenty-two patients were right-
handed. The mean age at onset of the first depressive epi-
sode was 33.4 years (SD=9.1); the median cumulative du-
ration of the depressive episodes was 75 months (range=
8–354).
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We found significant negative correlations, after correc-
tion for intracranial volume, between depression duration
and volumes of total cerebral gray matter (r=–0.66, df=16,
p=0.003), frontal gray matter (r=–0.63, df=16, p=0.005),
temporal gray matter (r=–0.71, df=16, p=0.001), and pari-
etal gray matter (r=–0.64, df=16, p=0.004). When taking the
gray matter/total brain volume ratios into account, the
findings did not change. See Figure 1 for a scatterplot of
total cerebral gray matter data. Excluding the two right
outliers did not change results (r=–0.71, df=14, p=0.002).
No correlation with depression duration was found for
any of the other MRI data. Depression duration was not
significantly correlated with increasing age (r=0.26, df=17,
p<0.24). The effects of depression duration remained sig-
nificant, after adding age and intracranial volume to the
regression analysis, for volumes of cerebral gray matter
(regression coefficient [β]=–0.24, SE=0.09; t=–2.62, df=18,
p<0.02), frontal gray matter (β=–0.08, SE=0.03; t=–2.32,
df=18, p<0.04), temporal gray matter (β=–0.07, SE=0.02; t=
–3.39, df=18, p=0.004), and parietal gray matter (β=–0.05,
SE=0.02; t=–2.35, df=18, p<0.04).

Discussion

In female patients with recurrent early-onset major de-
pressive disorder, total depression duration was signifi-
cantly and negatively associated with cerebral gray matter
volume, independent of age. To our knowledge, this is the
first structural neuroimaging study to report a direct rela-
tionship between depression duration and global cerebral
gray matter volume. The findings suggest that gray matter
changes are related to depression duration in the brains of
depressed patients in addition to previously reported
changes in the hippocampus (2).

Decrease in cerebral gray matter volume in depression
may reflect findings of reduced neuron cell density and
size and reduced glial densities in specific cortical layers of
prefrontal areas in postmortem studies (1, 10, 11). It is of
interest that depression duration was correlated with in-
creased expression of the astrocytic cytoskeletal marker
glial fibrillary acidic protein in astrocytes, indicative of as-
trocyte reaction to neuronal injury (12). Inhibition of cor-
tical astrocyte proliferation has been related to the activity
of glucocorticoid receptor pathways (13). Alternatively,
glial reduction has been associated with a genetic vulner-
ability according to findings of studies in familial major
depressive disorder (5, 11).

An advantage of our study is the homogeneous group of
women with recurrent major depressive disorder and age
at onset before 45 years to minimize the effect of possible
confounders like gender, age, and cardiovascular disease.
This homogeneity may point to a specific vulnerability of
this group and may explain the difference with previous
studies that found changes in other brain regions. Limita-
tions to this study are the absence of a control group and
the lack of lifetime medication information. However, in

postmortem studies, there was no evidence that medica-
tion influenced cell size or density (10). We did not obtain
information about glucocorticoid function. To draw more
definite conclusions, replication of our findings is needed
in larger studies.
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FIGURE 1. Association Between Depression Duration and
Cerebral Gray Matter Volume in 19 Female Patients With
Recurrent Major Depressive Disordera

a r=–0.66, df=16, p=0.003.
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A Preliminary Study of Left Frontal Region Error Negativity
and Symptom Improvement in Geriatric Depression

Balu Kalayam, M.D.

George S. Alexopoulos, M.D.

Objective: This study tested the hypothesis that frontal error
negative wave amplitude on EEG during Stroop test activation
predict change in depressive symptoms in depressed elders.

Method: Twenty-two older patients with major depression re-
ceived controlled treatment with citalopram at a target dose of
40 mg/day for 6 weeks. Paramedian error negative waves were
recorded during Stroop activation before treatment.

Results: Nine subjects who remained symptomatic had larger
left frontal error negative waves than the subjects who achieved
remission. Left frontal error negative waves were correlated
with percent change of depressive symptoms from baseline.
Other paramedian error negative waves did not distinguish re-
mitted from unremitted subjects. Left frontal error negative
waves were negatively correlated with Mattis Dementia Rating
Scale scores for initiation/perseveration; these scores were
lower in unremitted than remitted patients.

Conclusions: Increased left frontal error negative waves are
associated with limited or slow change in depressive symptoms
in elders receiving citalopram.

(Am J Psychiatry 2003; 160:2054–2056)

Changes in frontostriatal-limbic function appear to

be related to the course of depression (1). Increased me-

tabolism of the anterior cingulate is a predictor of favor-

able antidepressant response (2, 3). Antidepressant treat-

ment decreases the metabolism of the anterior cingulate,

and this decrease is associated with favorable response (4).

To examine further the relationship of the anterior cin-

gulate to change in depressive symptoms during antide-

pressant treatment, we studied the error negative waves

produced during the response inhibition task of the

Stroop test; error negative wave amplitude occurs when

errors are committed. Frontal error negative waves are

thought to reflect cingulate activity (5). This study tested

the hypothesis that frontal error negative wave ampli-

tude during Stroop activation distinguishes depressed el-

ders who remain symptomatic from those who achieve

remission.

Method

The subjects were 22 consecutively recruited patients who
were older than 60 years and who had nonpsychotic major de-
pression (Structured Clinical Interview for DSM-IV) and a 21-
item Hamilton Depression Rating Scale score of 17 or higher. All
subjects signed written informed consent. Exclusion criteria were
a Mini-Mental State Examination score lower than 24, a history of
failure to respond to an earlier antidepressant trial of at least 4-
week duration during the current episode, color-blindness, and
corrected vision of lower than 20/40 in either eye.

Cognitive impairment was assessed with the Mattis Dementia
Rating Scale (6), which tests five domains, i.e., attention, memory,
construction, conceptualization, and initiation/perseveration.
Initiation/perseveration includes tasks of category fluency, alter-
nating movements, and graphomotor design. Treatment con-
sisted of citalopram at a target daily dose of 40 mg. Remission was
defined as Hamilton depression scale ≤10 at the end of 6 weeks of
treatment.

Average evoked potentials were recorded before treatment initi-
ation using NEUROSCAN (Neuroscan, Inc., Herndon, Va.). They
were obtained from left (F3, C3, P3) and right (F4, C4, P4) parame-


