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Brief Report
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Objective: The authors sought to determine whether caudate
nucleus volumes or specific genotypes predict psychomotor
slowing in older persons with depression.

Method: Forty-seven persons with depression (mean age=51.8
years, SD=12.4) and 20 healthy volunteers (mean age=56.1
years, SD=9.8) underwent clinical assessments, a neuropsycho-
logical test of psychomotor speed (part A of the Trail Making
Test), high-resolution magnetic resonance imaging scans, and
genotyping for the apolipoprotein E ε4 allele and a mutation of
the methylenetetrahydrofolate reductase enzyme.

Results: Multivariate analyses revealed that psychomotor
speed was uniquely predicted by age, a diagnosis of depression,
right caudate nucleus volume, and mutation of the methylene-
tetrahydrofolate reductase enzyme.

Conclusions: Psychomotor slowing, a key clinical and cogni-
tive phenomenon in older persons with depression, is predicted
by reduced caudate nucleus volumes and genetic determinants
of homocysteine metabolism.

(Am J Psychiatry 2002; 159:2096–2098)

Magnetic resonance imaging (MRI) studies gener-
ally support the concept of frontostriatal abnormalities in
patients with depression (1). Such changes include deep
white matter and basal ganglia lesions and decreased vol-
umes of the prefrontal cortex, the caudate nucleus, and
the putamen (2). Limited evidence suggests that structural
abnormalities may be more evident in patients with clini-
cally evident psychomotor change (1). However, the spe-
cific relationships between volumetric changes and other
key neuropsychological or genetic features have not been
characterized.

A small number of genotypes have been suggested as
possible risk factors to late-life depression. Although the
apolipoprotein E ε4 (APOE-4) allele is an established risk
factor for Alzheimer’s disease, it has not been clearly
linked to depression (3). We recently reported an associa-
tion between a mutation of the methylenetetrahydrofolate
reductase enzyme (which, in combination with dietary co-
factors such as folate and vitamins B6 and B12, determines
the rate of homocysteine metabolism) and late-onset de-
pression (3). Here, we examine the interrelationships of a
key feature of cognition, namely psychomotor speed, with
caudate nucleus volumes and genotypes of APOE and the
methylenetetrahydrofolate reductase enzyme.

Method

The participants were drawn from a larger cohort study of late-
life depression (3). We have previously reported relationships

among clinical features, vascular risk factors, and genetics in
these subjects but not neuropsychological characteristics (3). The
current study consisted of 47 patients (age range=30 to 82 years)
meeting DSM-IV criteria for a current primary major depressive
episode and 20 healthy volunteers (age range=40 to 74 years) re-
cruited from the local community. The study was approved by the
Institutional Ethics Committee, and all subjects gave written in-
formed consent.

During a semistructured interview, clinicians recorded the
patients’ age at onset of depression, score on the 21-item Hamil-
ton Depression Rating Scale, and CORE rating of psychomotor
function (4). 

As part of a wider neuropsychological battery, all subjects were
administered the Mini-Mental State Examination and, as a test of
psychomotor speed, part A of the Trail Making Test (5). This test
requires the subject to draw a line as quickly as possible to con-
nect 25 numbered circles dispersed on a page.

As described previously (3), patients who were either heterozy-
gous (N=25) or homozygous (N=8) for a mutation of the methyle-
netetrahydrofolate reductase enzyme were pooled to indicate
those “at risk” of raised homocysteine levels. Similarly, subjects
were classified as either positive (N=17) or negative (N=50) for the
APOE-4 allele.

Whole-brain volumes were traced from high-resolution MRI
scans (124×1.5 mm coronal slices; TR=24 msec, TE=5 msec, field
of view=26 cm, matrix=256×256) by using methods previously de-
scribed (6). Two raters (S.N., K.T.; interrater reliability=0.86) man-
ually traced the head and body of left and right caudate nuclei in
the coronal plane using the BRAINS software package (7). Vol-
umes (mm3) of each structure were then computed.

All data were analyzed by using the Statistical Package for the
Social Sciences (SPSS, release 10.0.7 for Windows, SPSS Inc.,
Chicago).
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Results

Because of the skewed distribution of scores on part A of
the Trail Making Test, results of four patients were cur-
tailed to a maximum of 85 seconds (original scores being
120, 120, 107, and 87 seconds).

Relative to healthy volunteers, patients with depression
had significantly poorer performance on the Trail Making
Test and smaller whole-brain volumes (Table 1). With
whole-brain volume as a covariate, however, left caudate
nucleus and right caudate nucleus volumes did not differ
between persons with depression and healthy volunteers.

For the patients with depression, within-group analyses
revealed that Trail Making Test performance was signifi-
cantly inversely correlated with volume of the left caudate
nucleus (r=–0.42, df=45, p<0.01) and the right caudate
nucleus (r=–0.49, df=45, p<0.001). Caudate nucleus vol-
umes were not related to Hamilton depression scale score,
CORE rating, age at depression onset, or mutation of the
methylenetetrahydrofolate reductase enzyme. Age at on-
set of depression was unrelated to Trail Making Test per-
formance, Hamilton depression scale score, CORE rating,
or mutation of the methylenetetrahydrofolate reductase
enzyme.

For all subjects, poorer Trail Making Test performance
was related to increasing age (r=0.27, df=65, p<0.05), de-
pression diagnosis (t=–3.2, df=65, p<0.01), smaller caudate
nuclei volumes (left caudate nucleus: r=–0.41, df=65,
p<0.01; right caudate nucleus: r=–0.47, df=65, p<0.001),
and mutation of the methylenetetrahydrofolate reductase
enzyme (t=–2.3, df=64, p<0.05). There was no relationship
between Trail Making Test performance and whole-brain

volume or years of education. Presence of the APOE-4 al-
lele was associated with faster Trail Making Test perfor-
mance (F=4.3, df=1, 65, p<0.05). However, those subjects
with the APOE-4 allele had more years of education (t=2.7,
df=66, p<0.01). After this variable was controlled, APOE-4
was no longer a significant predictor.

In a multiple regression model, age and whole-brain
volume were first entered as a separate block. Left caudate
nucleus volume, right caudate nucleus volume, mutation
of the methylenetetrahydrofolate reductase enzyme, pres-
ence of the APOE-4 allele, and a depressive diagnosis were
then entered (stepwise). The overall model predicted
43.2% of the variance in Trail Making Test performance
(F=9.1, df=5, 60, p<0.001). Examination of influential data
points yielded one criterion outlier (studentized deleted
residual=3.2) that, when deleted, resulted in an improve-
ment in the model (R2=48.7%; F=11.2, df=5, 59, p<0.001).
Age, whole-brain volume, depression diagnosis, right cau-
date nucleus volume, and mutation of the methylenetet-
rahydrofolate reductase enzyme remained significant pre-
dictors and uniquely accounted for 4.1% (p<0.05), 1.5%
(p<0.19), 15.4% (p<0.01), 9.7% (p<0.001), and 8.9%
(p<0.01) of variance respectively, with an additional 9.1%
being shared predictor variance.

Discussion

While previous studies have reported structural changes
in the basal ganglia in persons with major depression (2),
this study demonstrates two novel findings. Both caudate
nucleus volumes and genetic determinants of homo-
cysteine metabolism were associated with slower psycho-

TABLE 1. Demographic and Clinical Characteristics of Older Patients With Depression and Healthy Volunteers in a Study of
Predictors of Psychomotor Slowing

Characteristic
Older Patients With
Depression (N=47)

Healthy Volunteers
(N=20) Total (N=67)

Mean SD Mean SD Mean SD

Age (years) 51.8 12.4 56.1 9.8 53.1 11.7
Education (years) 11.3 3.1 11.4 1.9 11.3 2.8
Age at onset (years) 37.4 16.1
Hamilton Depression Rating Scale score 27.5 6.3
CORE rating of psychomotor functioning 11.7 7.4
Brain volume (mm3)

Whole braina 1,265.9 112.4 1,329.2 125.5 1,284.9 119.1
Left caudate nucleusb 2.86 0.49 2.95 0.46 2.89 0.48
Right caudate nucleusb 2.97 0.47 3.13 0.49 3.02 0.47

Neuropsychological performance
Time for Trail Making Test, Part A (sec)c 49.0 18.9 34.6 9.6 46.2 21.9
Mini-Mental State Examination score 27.8 1.8 28.5 1.5 28.0 1.7

N % N % N %

Female 32 68.1 12 60.0 44 65.7
At risk of raised homocysteine leveld 25 53.2 8 40.0 33 49.3
APOE-4 allele present 9 19.1 8 40.0 17 25.4
a Significant difference between groups (F=4.1, df=1, 65, p<0.05).
b Adjusted for whole-brain volume.
c Significant difference between groups (F=8.8, df=1, 65, p<0.01).
d Subjects were either heterozygous or homozygous for the methylenetetrahydrofolate reductase enzyme gene mutation. Patients with de-

pression: N=46.
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motor speed. The search for etiologic factors in major
psychiatric disorders may well be assisted by a focus on
determinants of such key clinical phenomena rather than
broad or heterogeneous diagnostic categories (4, 8).
Raised homocysteine levels are now recognized as a risk
factor to vascular disease and dementia (9). Homocysteine
is thought to have adverse impacts on cognitive function-
ing through indirect effects on cerebral microvasculature
or direct neurotoxic effects. Smaller caudate nucleus vol-
umes may be the result of a number of developmental,
vascular, or neurodegenerative processes. The potential
causal role of vascular factors in late-life depression has,
however, received increasing support (2, 3, 10). Such fac-
tors are thought to have their effects by disruption of key
frontostriatal paths. It is important to note that raised ho-
mocysteine levels can be reduced by simple dietary sup-
plements, and other vascular risks may be modified by
other preventive strategies (10).
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