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Structural Changes in the
Brain in Depression and Relationship
to Symptom Recurrence

By 1. Douglas Bremner, MD

ABSTRACT

Depression is an important public health problem affect-
ing about 15% of the general population; however, liztle is
known about possible changes in the brain that might
underlie the disorder. Neuroimaging has been a powerful

tool to map actual changes in the brain structure of

depressed patients that might be directl y related to their
symptoms of depression. Some imaging studies of brain
siructure have shown smaller hippocampal volume with the
chranictty of depression correlating to a reduction in vol-
ume. Although the meaning of these Sindings is unclear,
ather studies have shown increased amygdala volume.
Studies have found reductions in volume of the frontal cor-
tex, with some studies showing specific reductions in subre-
gians of the frontal cortex, including the orbitofrontal
cortex, Findings of an increase in white matter lesions in
elderly patients with depression have been replicated and
correlated with late-onset depression, as well as impair-
ments in social and cognitive function. These Sinidings point
to alterations in a circuit of brain regions hypothiesized to
include the frontal cortex, hippocampus, amygdala, stria-
tum, and thalamus, that underlie symptoms of depression.
CNS Spectrums 2002,7(2):129.139

INTRODUCTION

Major depression is an important public health prob-
lem; however, we still do not understand the biological
causes of depression. This paper will review the evidence
that changes in the brain underlie the symptoms of depres-
sion, and how chronicity of depression might be related to
changes in the brain. The disorder affects about 15% of
the population at some time in their lives and is twice 43
common in women as in men, [n the United States,
depression is the disorder most likely to be assaciated with
major morbidity. It is clear that patients with a history of
depression are more likely to develop depression in the
future, and that reducing the number of recurrent episodes
of depression could lead to significant savings,

One way to reduce the recurrence of depressive episodes
or to prevent the development of initial episodes is to under-
stand the biological mechanisms involved in depression.
There is evidence to support the idea that. following an ini-
tial episode of depression, there is an increased risk of devel-
oping a subsequent episode of depression. One explanation
for this finding is that there is a genetic risk for depression.
This makes it more likely that someone who has been
depressed will be depressed again in the future. Another
possibility is that the depressive episode itself will cause
changes in the brain or neurobiology that will increase the
nsk for subsequent episodes of depression.

Uver time a working model of the neuroanatomical basis
of depression has developed. This includes a cireuit involv.
ing the hippocampus (it plays a critical role in memory),
amygdala (mediating fear responses and emotion), thalamus,
caudate, and various subregions of the frontal cortex
(involved in cognition, social behavior, and emotional regula-
tion}. Understanding structural changes in these regions can
help us understand how disruptions in these circuits can
lead to symptoms of depression. This paper will review stud-
ies of changes in brain structure in depression and the rela-
tionship with severity and recurrence of illness.

STRUCTURAL NEUROIMAGING STUDIES
IN IATE-LIFE DEPRESSION

Several studies have looked at changes in brain structure
of patients with depression (Table 1).! Early studies using
computed tomography in patients with bipolar disorder
found ventricular enlargement and widening of the cortical
sulci.™ More recently, using magnetic resonance imaging
(MRI), smaller caudate®” and putamer® volumes were found
in some studies of patients with unipolar depression, but nat
others.** Consistent with increased glucocorticoid release
are findings of increased pituitary volume™ and adrenal
gland size® in unipolar depression.

Alterations in brain structure have been associated with
late-life depression. MRI studies in elderly patients with
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both unipolar and bipolar depression showed subeortical
white matter areas of increased signal intensity on T2
weighted images, which may be related to ischemic abnor.
malities. ™% Patients with later-onset depression (after age
30 years) have been shown to have more subeorical hypernn-
tensities than patients with an early onset of depression.
Greater subcortical hyperintensities were observed in late-
onset depression even after controlling for age, sex, and cere-
brovascular risk factors."* Subcortical white matter
hyperintensities were also associated with an absence of a
family history of depression. The presence of subcortical
hyperintensities predicts poor response {o treatment. These
changes have been associated with deficits in cognition and
social function.™ ' [t has heen hypothesized that these
lesions could lead to distuptions of circuits connecting the
frontal cortex with other regions such as the thalamus, and
that they may underlie symptoms of depression in a select
group of elderly patients with depression, s

IMAGING THE H IPPOCAMPUS
AND AMYGDALA IN DEPRESSION

The hippocampus has long been of interest in studies of
depression based on the aforementioned preclinical stud-
tes.** MRI studies showed smaller right hippocampal
volume™ and temporal lobe volume® in bipolar patients, and
alterations in hippocampal T1 relaxation time (reflective of
changes in water content]" with reductions in grey matler in
the left temporal lobe® in unipolar depression. One MRI study
In patients with unipolar depression that specifically concen-
trated on hippocampal volume found no evidence for reduc-
tion in amygdalahippocampal volume (combined), although
there was a correlation between 11PM cortisol levels and vol-
ume of left hippocampal/amygdala complex.™ This negative
finding might have been related to increased amygdala size in
depression. In another study, elderly patients with depression
showed medial temporal lobe atrophy (including the hip-
pocampus) thar correlated with cognitive impairments.”

More recently, there have been two or more studies
specifically quantitating hippocampal volume that showed a

reduction in depression. Sheline and colleagues™ exam-
ined hippocampal volume in elderly female patients with
treated major depression (n=10, mean age=68 vears) and
age-, education-, and sex-matched controls (n=10).
Depressed patients had an average of 4.5 prior episodes of
depression, There was also a correlation between length of
illness and hippocampal volume reduction %

We studied 16 male and female outpatients with remitted
major depression currently treated with antidepressant med-
ication." Depressed patients had an average of three (stan-
dard deviation [SD]=4, range=0-10) inpatient
hospitalizations, their mean remission from depression was
31 weeks at the lime of the study, and they had an average of
two prior episodes of depression. Patients were treated with
antidepressants including fluoxetine (n=10}, paroxetine
{n=3), and desipramine (n=3), Comparison subjeets consisted
of 16 healthy subjects who were matched a priori on a case-
by-case hasis; the patients were the same sex and handed-
ness, and similar in age, years of education, and years of
aleohol use.

We found a 19% smaller volume of left hippocampus in
depressed patients versus comparisen subjects, which was
statistically significant (F=7.78; d4f=1.30; P=.009), while
there was no significant difference in right hippocampal val-
ume between the groups (Table 2, Figure 1, Figure 2). There
continued to be significantly smaller left hippocampal vol-
ume in depressed patients after controlling for variations in
whole brain volume (F=3.92. df=2.29; P<.05) as well as
other factors, including age and education. There were no
differences in the volumes of the [eft or night caudate, tem-
poral lobe, frontal lobe, or whole brajn. However, there was
a pattern of relationship between left hi ppocampal volume
and number of hespitalizations in the depressed patients
that was not statistically significant (r=-0.44; P=.15) (the
effect size for this relationship was (.44, indicating that an
effect would be shown with 37 subjects)." Vakili and col-
leagues™ found that female patients with depression who did
not respond to selective serotanin reuptake inhibitors
{35RIs) had smaller right hippocampal volume than

MiA=rioe -:'IrF_I:II'iQ]blE. ’
*See text for full explanaticn.
t Also see reference 49,

* Primarily bipslar patients,

Bremner 0. CNS Spacmums, Ual I NG 22002,

TABLE 1. FINDINGS RELATED TO STRUCTURAL BRAIN ALTERATIONS IN AFFECTIVE DISORDERS

Brain HEHiGI"I ing Bef ren Ref ting Refaran 5
Decreased hippocampal volume 701129, 32,2 34, 33, 36,% 37, 38 30, 40, 52
Decreased temporal lobe volume 308 11
[nereased amygdala volume LL, 46, 47, 48" NiA
Inereased white matter lesinns (slderly) I (reviewl, 10, 14, 15 16-25 N/A
Decreased caudate volume 6.7 9-11
Deceeased putamen volume 8 o
Decreased whele frontal volume 5254 11
Decreased orbitofronts] volume 38, 50 N/A
Decreased subgenual frontal velume 58 1
Increased ventrcular volume 2,3.445, 83, 82 N/A
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responders, and men with depression had a negative gorre-
lation between depression severity and lefl hippocampal
volume. However, in all patients with depression combined
there was not a significant difference from controls.

Some studies in treatment-resistant depression™ and
elderly patients with depression® found hippocampal volume
reduction, although other studies have not.™* We recently
found hippocampal volume reduction in women with child-
hood abuse and depression (without posttraumatic stress dis-
order [PTSD]), but not depression without a history of
childhood trauma [Vythilingam, et al, unpublished data,
December 2001). These findings, in conjunction with find-
ings of hippocampal volume reduction in PTSD #- suggest
that not all patients with depression may have hippocampal
volume reductions. Perhaps specific factors, including a his-
tory of traumatic stress as well as chronicity and recurrence of
depression, could be required for the finding.

One unexpected finding has been an increase in amygdala
volume in depression. We found a significant increase in
amygdala volume in middle-aged patients with depression
relative to controls (Table 2)." This has also been found in

patients with affective disorders and comorbid epilepsy* and
hipolar disorder. " The amygdala has been shown in preclin-
ical studies to play a eritical role in fear responses, and by
extension could modulate pathological emotional responses
in depression. Alterations in the amyadala, reflected by struc-
tural alterations, could underlie symptoms of depression. The
mechanism of increased amygdala volume in depression is
unknowrl, but we speculated it might be due to increased
synaptic connections in the amygdala of patients with depres-
sion. Studies looking at subregions of the amygdala have also
found reductions in specific areas, including the core
volume.” The significance of this finding relative to increases
in total volume are unclear. However, findings related 10
amygdala volume should be replicated.

STRUCTURAL NEUROIMAGING STUDIES OF THE
MEDIAL PREFRONTAL CORTEX IN DEPRESSION

More recently, there has been interest in the medial pre-
frontal and orbitofrontal cortex in depression (Figure 3). Medial
portions of the prefrontal cortex, including the orbitofrontal cor-
tex and Brodmann's areas (BAs) 24, 25, and 32 have been

jor Depression
Regicn Subjects {(n=18) 5D
Left candats 2,668 710
Right caudute 2712 Tha
Lesft amygdela 1.652 435
Right amygdala 1690 493
Left frantal lohe 140,856 41,397
Right frontal lohe 143,101 45,265
Left temporal lobe 17,931 4,170
Right temporal lobe 13,207 4.260
Whale brain [, 404,586 179,944

“Wolumes expressed in cubic mm.

sD=standard dewviation,

Adapted from Eremner 10, Marayzn M, Andersan ER,
2000:157:115-118,

Staib LH, Miller HL,

Bremnes JO. CAS Spectrums, Vol 7, Mo 2, 2002

TABLE 2. VOLUME* OF COMPARISON REGIONS IN MAJOR DEPRESSION AND CONTROLS

Charney DS. Hippotampal velume reduetion in miajar depression, Am J Paychiatry

Comparisaon
Subjects (n=18) 5D
2.0ay a7l
2802 al3
1,347 $48
1,335 A0
134267 24,141
164 471 27,150
18,227 1,79]
19475 2,707
1,390,789 153,

Depression

FIGURE 1. Atruphy of the hippocampus in depression.
Bremner I, VS Spectrums, Mol 7, Mo 2. 2002

Smaller Hippacampal Velumea in Unipolar Depression
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FIGURE 2. Hippocampal volume in palients with unipolar
depression und contenls, There was & 19% smaller volume of
the: left hippocampus in patients with depression compared to
controls (F05).

Bremner IO CNS Soectrums Val 7, No 2 2002,

Right Hippocampus
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apticated in emotion, cognition, and social behavior (all fune-
ons that are abnormal in patients with depeession). Using
RI, Drevets and colleagues™ found a reduction in subgenual
rtex volume (BA 24) in depression. Reductions in glia have
=en found in this area based on the postmortem brains of
atients with depression.” Studies in patients with late-life
=pression™™ and children with depression®™ found a reduction
 whole frontal lobe volume, although other studies in late-
e and mid-life" depression did not find such a reduction. In
Ir positron emission tomegraphy study of tryptophan deple-
on in patients with major depression on SSRls, we found a
=crease in orbitofrontal cortical function during tryptophan-
=pletion—induced depressive relapse.® Rajkowska and col-
agues™ followed up on this study by looking in this area in the
wstmortem brain of patients with depression and found a
screase in neurons and glia. Based on these {indings, our
oup® (Figure 3) and the group at Duke (Lai and colleagues)®
easured orbitofmntal comtical volume on MBI in both middle-
e (our group) and late-life (Lai and colleaguesy depression
1d found significant reductions in volume in this area (up to
1), Spectroscopy studies have also shown a reduction in glu-
mate and glutamine in the anterior cingulate.™

[n a second study invalving essentially the same sample of
itients we used in our study of the hippocampus in depres-
Or, we meaaured ‘-'l:}il]mES DFSUbTﬂgiU“S ﬂ'f tl'.IE PTE{mIiU.Il
rtex, including the orbitofrontal cortex {gyrus rectus) and
werior cingulate (BAs 24 and 25). We found that patients
ith major depression had 329 smaller volume of the medial
bitofrontal cortex (gyrus rectus) compared to controls, which
as statistically significant based on analysis of variance
\NOVA). This difference was also seen after controlling for
fferences in whole brain size using ANOVA, with whole
rain volume added as a factor in the analysis (F=6.77T,;
=2.32; P<.05). There were no differences in size of other
refrontal cortical regions measured in this study, including
A 25 (subcallosal gyrus), BA 24 {subgenual gyrus), or BA
2. There were no differences between patients and controls
- whole brain volume (Table 3).

There was no correlation between orbitofrontal cortical
slume and elinical variables, including the number of
eeks in remission, number of prior episodes of depression,
- number of hospitalizations for depression. When poten-
ally confounding factors, including age, years of education,
1d vears of alcohol abuse were entered into the model,

thers continued to be a difference in orbitofrontal cortical
volume between patients and control subjects.™

NEUROCHEMICAL BASIS OF DEPRESSION
Animal studies on the effects of stress on the brain are
relevant to understanding changes in the brain during
depression. Stress has been linked to the development and
recurrence of depression. [n addition, stress is associated
with elevated levels of glucocorticoids (cortisol in humans),
and elevated glucocorticoids are seen in a subset of patients
with depression.”* Stress has been associated with damage
to neurons of the hippocampus (a brain area invelved in
learning and memc&rﬂ, an effect that has been hypothesized
to be related to elevated levels of g nlucocnrticnida with stress,
increasing vulnerability to excitatory amino acids!+
and/or stress-induced decreases in brain-derived neu-

AHR, ABF, ANE, ACort

FIGURE 3. The medial prefrontal cortex in depression:

* Brain aress implicated in depresaion include the orbitofrontal
cortex, dorsolateral prefrontal cortex, portions of the anterior
cingulate (subcallosal pyrus or BA 25, as well as BAs 24 and
32), and hippocampus

* Orbitofrontal cortex and medial orbitofrontal cortex have
outputs to peripheral stress response

= Lateral nucleus of the hypothalumus and medial prefrontal
corlex stimulate NE and cortizol release in the stress response

AC=anterior cingulate; A=increased; HR=heart rate; BP=bload pressurs;

ME=narepinephrine; Cort=cortisol; 8A=Brodmann’s- area,

Bremner JO. CNS Spectrums. Mol 7, Mo 2, 2002,

TABLE 3. VOLUME* OF PREFRONTAL CORTICAL REGIONS IN MAJOR DEPRESSION AND CONTROLS

Major

Depression (n=15) 50
Orebitefrontal cortex (gyms eetus) 338 125
Subeallosal pyrus (BA 25) 44 294
Anteror cingulate (BA 24) SBE 296
Anterior cingulate (BA 32) 6,317 1,114
Whale brain 1,266,035 |t a2
*Wolumes expressed in cubdc mm.
T di=1.33

1 Thess differences were nat statistically significant after controlling for differances in whole brain size {P= 05}

S0=standard deviation; Diffedifference; BAsgrodmann's area.

Adapted fram Bremner JO, Vythilingam M, Vermetien E, et al. Reduced volume of orbitofrontal cortex in majer depression. Blol Psychiatne 2002, In press.

Bremner J0. CAE Spectruma Vol 7, No L 2002

Comparisan and Difference Val
Subjects (n=20) 5D Diff. F P
495 230 -32% 565 02
395 147 17% 1.34 25
534 262 -T% 0.33 63
6,837 2,118 A% 0.74 39
1,233,333 152,098 3% 041 22
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rotrophie factor {a neuropeptide that has trophic effects on
the hippocampus).”™ Antidepressants and electroconvulsive
therapy blocked these effects.™ SSRIs also increase den-
dritic branching within the hippocampus,” a finding with
implications for treatment of depression. Recently, it has
been found that the hippocampus has the capacity for neu-
rogenesis {growth of new neurons) in adultheod, and that an
enriched environment or S5RIs enhance neurogenesis,”
while stress inhibits neurogenesis.™

GLUCOCORTICOIDS,

DECIARATIVE MEMORY, AND DEPRESSION
Glucocorticoids also have effects on memory that are not

simply due to irreversible hippocampal damage.

Glueocorticoid administration to healthy human subjects,

even at physiological levels, resulted in impairments in ver-

bal declarative memory funetion.” Memory deficits were

demonstrated with stress-induced glucocorticoid eleva- -

tions.™" Glucocorticoids were also associated with changes
in brain structure. Yentricular enlargement was shown with
computed tomography in human subjects exposed to high
levels of glucocorticoids secondary to glucocorticnid sternid
therapy. " Patients with Cushings disease had verbal mem-
ory deficits and a reduction in hippocampal volume based on
MRIL.™ These findings show that glucocorticoids act
reversibly to impair verbal declarative memeory function in
humans and could have effects on the human brain,

The effects of glucocorticoids on memory function; cogni-
tion, and the brain have implications for the pathophysiclogy
of depression. Patients with depression show deficits in verbal
declarative memory tasks, including delayed paragraph recall
and word-list learning.™ These memary deficits are reversible
with antidepressant treatment.™ As mentioned above, hyper-
enrtisolemia is found in a substantial number of patients with
major depression, and stress (which is associated with
increased levels of cortisol) has been implicated in the trig-
gering of depressive episodes. High levels of cortisol seen
during depressive episodes were correlated with deficits in
memory and cognition™" as well as changes in brain struc-
ture as measured with computed tomography or MR =22
Memory deficits associated with depressive episodes
improved when cortisol levels were lowered following suc-
cessful treatment.™

We have hvpothesized that hypercortiselemia, acting
through the hippocampus (a major target area [or glucocorti-
coids), mediates verbal memory deficits associated with
depressive episodes.™ Evidence to support the hypothesis that
the pattern of verbal declarative memory deficits seen in
depression is secondary to hippocampal dysfunction comes
from studies of patients with epilepsy undergoing surgical treat-
ment of their disorder. In these patients, there was a correlation
hetween deficits on the types of measures used in studies of
depression, including delayed paragraph recall and word-list
learning, and decreased neuronal number in the CA3 region of
the left hippocampus.® In summary, hypercortisolemia seen in
depressive episodes is associated with reversible deficits in

verbal declarative memory function, and these effects are likely
mediated thmugh hippocampal dysfunction.

The reversibility of memory deficits following successful
treatment of depression with 33R[s has implications for
hypotheses regarding hippocampal dysfunction in depres-
sion.™ Antidepressant treatment has been shown to increase
dendritic branching in the hippocampus and promote neu-
rogenesis. [t is possible that antidepressants improve mem-
ory function in depressed patients by acting directly on the
hippocampus. Reductions in cortisol levels with treatment
of depression could reverse hippocampal atrophy and lead
lo an improvement in memory function. Since the effects of
eortisol on cognition are seen in normal individuals and are
rapidly reversible, it is also possible that memory deficits in
depression are not related to long-standing hippocampal
damage, but are merely related to elevated levels of ambient
cortisol during depressive episodes.

However, in a substantial percentage of depressed
patients, memory deficits associated with depressive
episodes are not reversible with treatment. Resistance to
reversibility of cognitive deficits might be related to
chronicity and the interaction of normal aging with the
cumulative effect of depressive episodes.®* Repeated
episodes of hypercortisolemia seen during depressive
episodes interact with the aging process to cause progres-
sive hippocampal damage with associated cognitive
deficits.®" We found a (144 correlation between number
of hospitalizations and left hippocampal volume reduction
in depression," while other groups found a correlation
between lifetime duration of depression and smaller hip-
pocampal volume ** These {indings are consistent with
the idea that chronicity of depression, possibly acting
through repeated episodes of hypercortisolemia, is related
to lasting hippocampal volume reduction.

CONCLUSION

This paper has reviewed structural changes in the brain in
patients with depression. Studies have implicated white mat-
ter lesions in elderly patients with depression, which are
thought to be related to microinfarcts and to distupt circuits
connecting the frontal cortex to areas such as the hippocam-
pus, amygdala, and thalamus, leading to neurologically based
symptoms of depression. Some studies, but not all, have
found reduction of volume of the hippocampus. Factors that
might influence hippocampal volume reduction in patients
with depression include exposure to stress, disease recur-
rence, and chronicity. An unexpected finding is increased
volume of the amygdala, which requires further replication
and an expanded understanding of its significance. There are
emerging findings implicating abnormalities in areas of the
medial prefrontal cortex, both from imaging and pestmortem
studies, including the orbitofrontal cortex and subgenual cor-
tex, which might underlie symptoms of depression. These
findings are consistent with the hypothesis that a circuit
including the amygdala, hippecampus, caudate, thalamus,
and various subregions of the medial prefrontal cortex
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undedie symptoms of depression. and that disruptions of this
circuit lead to symptoms of depression. Understanding the
neural circuitry of depression will zo a long way to developing
new treatments for this disorder. &
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