Brief Report

Frontal White Matter Microstructure and Treatment Response
of Late-Life Depression: A Preliminary Study

George S. Alexopoulos, M.D.
Dimitris N. Kiosses, Ph.D.
Steven J. Choi, Ph.D.
Christopher F. Murphy, Ph.D.
Kelvin O. Lim, M.D.

Objective: This study tested the hypothesis that microstruc-
tural abnormalities in white matter areas of the brain contain-
ing frontostriatal tracts are associated with a low rate of remis-
sion of geriatric depression.

Method: Thirteen older patients with major depression re-
ceived open, but controlled, treatment with citalopram at a tar-

get daily dose of 40 mg for 12 weeks. Diffusion tensor imaging
was used to determine fractional anisotropy in preselected
white matter regions.

Results: Survival analysis with Cox’s proportional hazards
model revealed that lower fractional anisotropy of the right and
the left frontal white matter regions 15 mm above the anterior
commissure—posterior commissure plane was associated with a
low remission rate after age was considered. Remission was not
significantly associated with fractional anisotropy of lower fron-
tal regions or a temporal region.

Conclusions: Microstructural white matter abnormalities lat-
eral to the anterior cingulate may be associated with a low rate
of remission of geriatric depression.

(Am | Psychiatry 2002; 159:1929-1932)

Eontostriatal dysfunction may contribute to depres-
sion (1-3) and influence its course. Executive impairment,
an expression of frontostriatal dysfunction, was reported
to predict a poor (4) and unstable (5) antidepressant re-
sponse of geriatric major depression. White matter hyper-
intensities, i.e., regions of greater signal intensity shown
by magnetic resonance imaging (MRI), are associated with
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executive dysfunction and with chronicity of geriatric de-
pression (6). In younger patients, remission of depression
is associated with metabolic increases in dorsal cortical
regions (1) and decreases in ventral limbic and paralimbic
structures (7). Persistence of elevated amygdala metabo-
lism during remission of depression may be a predictor of
relapse (1). Hypometabolism of the rostral anterior cingu-
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FIGURE 1. Time to Remission for 13 Depressed Elderly Subjects in Relation to Fractional Anisotropy in a White Matter Axial
Region Located 15 mm Above the Anterior Commissure-Posterior Commissure Plane?
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late is associated with treatment-resistant depression (7).
It has been proposed (1, 7) that disruption in dorsal corti-
cal-ventral limbic regulation perpetuates depression.

On the basis of these findings, we hypothesized that mi-
crostructural white matter abnormalities lateral to the an-
terior cingulate, compromising limbic-cortical balance,
are associated with a low likelihood of remission of geriat-
ric depression.

Method

Subjects at the Cornell Intervention Research Center who
agreed to MRI and signed written consent statements were con-
secutively recruited for this study. They were aged 60-77 years,
met the Research Diagnostic Criteria for unipolar major depres-
sion, and had a score of 18 or higher on the 24-item Hamilton De-
pression Rating Scale. Exclusion criteria were other axis I disor-
ders, dementia, metastatic cancer, brain tumors, myocardial
infarction within the 3 months before the study, delirium, stroke,
Parkinson’s disease, and multiple sclerosis.

The subjects were assessed with the Schedule for Affective Dis-
orders and Schizophrenia and the 24-item Hamilton depression
scale. Overall cognitive impairment was determined by the total
score on the Mini-Mental State Examination (MMSE), and execu-
tive dysfunction was measured with the initiation/perseveration
domain of the Mattis Dementia Rating Scale (8) and the Stroop
Color-Word Response Inhibition Test (9). Medical burden was as-
sessed with the Cumulative Illness Rating Scale—Geriatrics (10);
the psychiatric domain was not included.

Diffusion tensor imaging was performed at Nathan Kline Insti-
tute, Orangeburg, N.Y., by using a 1.5-T Siemens Vision MR and
an echo-planar double-spin echo sequence with TR=6000 msec,
TE=100 msec, 5-mm-thick slices, skip 0, alignment with the ante-
rior commissure-posterior commissure (AC-PC) plane, 24-cm
field of vision, 128x128 matrix reconstructed to a 256x256 b ma-
trix for which b=1000 sec/mm?. The tensor was computed from
seven images: the b=0 sec/mm? image and six images with b=
1000 sec/mm? with gradients applied in six noncollinear direc-
tions. Six maps of the apparent diffusion coefficient were com-
puted. Then six independent elements of the diffusion tensor
were determined, the eigenvalues and eigenvectors were com-
puted, and a scalar measure, fractional anisotropy, was assessed
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(11). Fractional anisotropy yields values between 0 (i.e., isotropic
or unrestricted diffusion, as in CSF) and 1 (i.e., anisotropic or con-
strained diffusion due to barriers, as in organized white matter
fibers).

Circular regions of interest of fixed sizes were positioned bilat-
erally in the frontal white matter of five consecutive images, from
15 mm above to 5 mm below the AC-PC plane. The size of the re-
gions of interest at 15 mm, 10 mm, and 5 mm above the AC-PC
line was 84.4 mm?, and the size on and 5 mm below the AC-PC
line was 43.5 mm?. We hypothesized that low fractional anisot-
ropy at regions of interest 15 and 10 mm above the AC-PC plane is
associated with a low remission rate. The lower frontal regions
and a temporal white matter region of interest adjacent to the
hippocampus were used to evaluate the specificity of the hypoth-
esized relationships.

Survival analysis with Cox proportional hazards was used to ex-
amine the relationship of fractional anisotropy to remission. Stu-
dent’s t test and chi-square were used to examine demographic
and clinical differences at baseline, and Spearman’s rank-order
correlation was used to study the relationship of fractional anisot-
ropy to executive function. Two-tailed alpha levels of significance
were used.

Results

Of the 13 subjects (60-77 years old), eight were treated
with 40 mg/day of citalopram (target), one with 30 mg,
and four with 20 mg. Five subjects remained depressed,
and eight achieved remission, defined as no longer meet-
ing the DSM-1V criteria for a depressive disorder and hav-
ing a score less than 10 on the Hamilton depression scale
for at least 2 weeks.

Survival analysis revealed that higher fractional anisot-
ropy of the right frontal white matter 15 mm above the AC-
PC plane was associated with the occurrence of remission
(x?=4.02, df=1, p<0.05) (Figure 1), even when the effect of
age on remission was taken into consideration (x?=4.36,
df=1, p<0.04). A similar relationship was noted for frac-
tional anisotropy of the left frontal white matter 15 mm
above the AC-PC plane, but it fell short of statistical signif-
icance (x?=3.67, df=1, p=0.06) (Figure 1). The relationship
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of frontal fractional anisotropy 10 mm above the AC-PC
line approached significance (right: x?=2.97, df=1, p<0.08;
left: X?=1.77, df=1, p<0.18) after the effect of age was taken
into consideration (right: x?=3.20, df=1, p<0.07; left: x?=
4.42, df=1, p<0.04). Remission was not significantly associ-
ated with fractional anisotropy of frontal regions below
the 10-mm plane (5 mm, 0 mm, -5 mm) or the temporal
region.

There were no significant differences between the pa-
tients with remitted (N=8) and nonremitted (N=5) depres-
sion in the dose of citalopram, baseline severity of de-
pression (Hamilton depression scale total score), overall
cognitive impairment (MMSE total score), or education.
The subjects in remission had more normal scores on ex-
ecutive function tests than those without remission (initi-
ation/perseveration: t=3.04, df=11, p<0.05; Stroop: t=2.42,
df=11, p<0.05). The scores on the Stroop test were associ-
ated with fractional anisotropy 15 mm above the AC-PC
plane in frontal regions on the right side (Spearman’s rank
correlation: 1;=0.65, df=10, p<0.03) but not the left (r;=0.31,
df=10, p<0.36) and were also significant at 10 mm above
the AC-PC plane on both the right (r;=0.78, df=10, p<0.005)
and left (rs=0.66, df=10, p<0.03). Correlations with the
Mattis Dementia Rating Scale domain of initiation/persev-
eration were not significant for fractional anisotropy 15
mm above the AC-PC plane on the right (rs=0.54, df=11,
p<0.06) or left (r;=0.44, df=11, p<0.15) or at 10 mm above
the AC-PC plane on the right (r,=0.42, df=11, p<0.18) or left
(rs=0.38, df=11, p<0.22).

Discussion

The principal finding of this study is that lower frac-
tional anisotropy at the frontal white matter located 15
mm, and perhaps 10 mm, above the AC-PC line is associ-
ated with a lower rate of remission of geriatric major de-
pression after treatment with citalopram. No such rela-
tionship was identified in lower frontal regions or in a
temporal region. To our knowledge, this is the first study to
localize microstructural white matter abnormalities asso-
ciated with lower likelihood of remission of depression.

White matter 15 mm and 10 mm above the AC-PC plane
is located laterally to the anterior cingulate at the level of
the middle frontal gyrus and contains fibers of the ante-
rior cingulate and the dorsolateral pathways (12). Com-
promised white matter in these regions may interfere
with the reciprocal regulation of dorsal neocortical-ven-
tral limbic structures and lead to a “disconnection syn-
drome” with poor antidepressant response. This view is
further supported by the association of lower fractional
anisotropy in these regions with executive dysfunction,
an abnormality noted to predict poor response of depres-
sion to treatment (3, 4).

The theoretical value of these findings is that they pro-
vide a step in understanding the neural systems needed
for antidepressant response. If these observations are
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confirmed, subsequent diffusion tensor imaging studies
can use fiber mapping to identify with greater precision
specific frontostriatal pathways interfering with treat-
ment response.

The clinical value of this study is that it can guide the se-
lection of cognitive tests for studies of prediction of treat-
ment response. Tests of specific frontostriatal functions,
validated through neuroimaging, are available. If shown to
predict treatment response, such tests can be used in
treatment planning.

The principal limitation of this study is its small study
group. Despite this limitation, the localization of micro-
structural abnormalities can guide studies of specific
pathways associated with treatment response and gener-
ate pharmacological investigations of novel agents target-
ing depressed elderly patients with abnormalities in fron-
tostriatal systems.
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