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Objective: This study examined whether
evidence of cerebrovascular disease in
the form of magnetic resonance imaging
(MRI) signal hyperintensities in white mat-
ter was associated with depressive symp-
toms in a high-functioning group of nor-
mal elderly volunteers.

Method: Ninety-two community-dwell-
ing elderly individuals participating in a
study of white matter hyperintensities
(WMHs) in normal aging whose apolipo-
protein E (APOE) genotype had been de-
termined completed the Geriatric Depres-
sion Scale and received an MRI scan.
Univariate analyses of variance were used
to examine the relationship between de-
pressive symptoms and the location of
WMHs (in deep white matter versus in
periventricular white matter) and to de-
termine whether WMHs were more likely
to be associated with symptoms of im-
paired motivation and concentration or
with mood symptoms. The effect on de-
pressive symptoms of the interaction be-

tween severity of cerebrovascular disease

as evidenced by WMHs and APOE geno-

type was also examined.

Results: Hyperintensities in the deep

white matter, but not in the periventricu-

lar white matter, were associated with de-

pressive symptoms, especially symptoms

of impaired motivation, concentration,

and decision making. The relationship be-

tween deep WMHs and depressive symp-

toms was especially strong in individuals

carrying the APOE-4 allele.

Conclusions: The pattern of depressive

symptoms associated with WMHs in this

study was similar to the pattern described

in the literature as characterizing “vascu-

lar” depression in older persons with ma-

jor depression. The results suggest that

cerebrovascular disease may also under-

lie the depressive symptoms often found

in older individuals who are not clinically

depressed.

(Am J Psychiatry 2001; 158:878–884)

Increasing evidence suggests that cerebrovascular dis-
ease, and especially ischemic disease involving small ves-

sels, may be a factor in the pathogenesis of late-life major
depression. Cerebrovascular risk factors are more com-

mon in depressed than in nondepressed older persons
(1). Similarly, magnetic resonance imaging (MRI) studies

of patients with major depression commonly show signs

of ischemic small-vessel disease in the form of signal hy-
perintensities in the white matter (2), especially in the

deep white matter (3–5). These findings have led to the
hypothesis that among older persons suffering from ma-

jor depression, there is a subgroup of individuals who

have “vascular depression” (6–8). The clinical characteris-
tics of vascular depression are thought to include: 1) the

occurrence of a first episode of major depression late in
life, 2) the presence of MRI signal hyperintensities in the

subcortical white matter (white matter hyperintensities
[WMHs]), 3) a loss of motivation or interest, and 4) the

presence of cognitive decrements, especially those asso-

ciated with frontal lobe dysfunction (6, 7).

Although cerebrovascular disease may be a susceptibil-
ity factor or correlate for major depression in elderly per-
sons, whether there is a relationship between cerebrovas-
cular disease and milder depressive symptoms remains to
be determined. Major depression per se is not particularly
common in community-dwelling elderly persons, but
many older individuals do have substantial depressive
symptoms (8, 9) that do not rise to the level of clinical de-
pression. While the absolute number of depressive symp-
toms and their level of severity may be low in community-
dwelling elderly persons, the presence of depressive symp-
toms in this group has been linked to the subsequent de-
velopment of major depression (10). Cerebrovascular dis-
ease and its associated neuropathology, as evidenced by
WMHs, become more frequent as people grow older (11),
but it is not clear whether this pathology is related to the
presence of depressive symptoms in older persons who are
not suffering from major depression. Recent evidence has
suggested that cerebrovascular disease risk factors in non-
depressed elderly primary care patients are associated with
later development of depressive symptoms (12).
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In examining the relationship between cerebrovascular
disease and depressive symptoms, it may be important to
differentiate various types of symptoms. Patients with
vascular depression show low levels of interest and moti-
vation coupled with a high level of cognitive dysfunction
and a low level of depressive ideation (6). A factor analysis
of symptoms of depression in a group of community-
dwelling elderly persons found two major symptom clus-
ters: 1) a mood disturbance cluster and 2) a motivational
disturbance cluster that encompassed loss of energy or in-
terest and difficulty in concentrating and making deci-
sions (13). If the depressive symptoms found in non-
depressed elderly individuals are the result of vascular
disease, then evidence of cerebrovascular disease, such as
WMHs, should be more strongly associated with reports of
disturbed motivation and concentration than with symp-
toms of a mood disturbance.

The present study examined whether the presence of
WMHs is associated with depressive symptoms in high-
functioning community-dwelling elderly persons and
whether depressive symptoms in this group are more
likely to be related to deep WMHs, as is the case in geriat-
ric major depression (4, 5), than to periventricular WMHs.
The study also examined whether the presence of WMHs
was more likely to be related to motivational symptoms
than to mood symptoms.

Because ischemic cerebrovascular disease is more
common in individuals carrying an apolipoprotein E-4
(APOE-4) allele (14), we also examined the relationship
between depressive symptoms, WMHs, and APOE geno-
type. APOE-4 carriers with vascular disease are more
likely to have WMHs than are noncarriers (15). APOE gen-
otype and vascular disease have also been shown to have
an interactive effect on cognitive performance (16), with
APOE-4 carriers showing more decrements in the pres-
ence of vascular disease than do noncarriers. If cerebrovas-
cular disease contributes to the presence of depressive
symptoms in elderly persons, then it is possible that APOE
genotype interacts with the severity of WMHs and that
APOE-4 carriers will show more depressive symptoms than
noncarriers.

Method

Subjects

The 92 subjects in this study were recruited from the commu-
nity and were participants in an ongoing investigation of WMHs
in normal aging. This study was approved by the University of
Pittsburgh Institutional Review Board. After the entire study was
explained to the potential subjects, written informed consent was
obtained. Subjects were 66–80 years of age (mean=73.6 years, SD=
3.4) and were highly educated (mean=16.3 years of education,
SD=2.0). Their mean Mini-Mental State score was 27.9 (SD=1.6).
Twelve subjects were African American, and the rest were Cauca-
sian. Exclusion criteria included a history of major head injury,
stroke, Alzheimer’s disease, Parkinson’s disease, Huntington’s dis-
ease, alcoholism, schizophrenia, or bipolar disorder. We also ex-
cluded anyone with a history of depression within the last 5 years.

None of the subjects in this study had ever received a diagnosis of
major depression. However, three had received antidepressant
medication from their primary care physician. One of the three
had received fluoxetine as a “precaution” after retirement, the
second was taking paroxetine for anxiety, and the third had re-
ceived an unknown antidepressant for a short time 30 years be-
fore the present study.

The subjects were examined by a physician’s assistant from the
University of Pittsburgh Alzheimer’s Disease Research Center.
Each subject provided a complete history and received a physical
examination, including a neurological evaluation, ECG, blood
pressure measurement, and laboratory tests to measure serum
lipids. APOE genotyping was performed by staff of the Genetics
Core (Dr. I. Kamboh) of the Alzheimer’s Disease Research Center.

Assessment of Depressive Symptoms

The subjects completed the Geriatric Depression Scale, a self-
rating measure of depressive symptoms designed especially for
screening older individuals (17). It consists of 30 yes/no questions
(e.g., “Do you often feel downhearted and blue?”). Besides the
questions about mood, the Geriatric Depression Scale includes
questions about cognitive decrements that often co-occur with
depression in older persons, such as problems in making deci-
sions or in concentrating. The scale has a high test-retest reliabil-
ity (0.85) and has been widely used as a screening measure for de-
pressive symptoms in community-dwelling elderly persons. The
Geriatric Depression Scale differs substantially from the depres-
sion scale for which a factor analysis by Forsell et al. (13) found
separate clusters of mood and motivational symptoms. However,
similar clusters of mood and motivational symptoms emerged in
a factor analysis of Geriatric Depression Scale data from more
than 300 community-dwelling elderly subjects (18). The mood
symptom factor, which consisted of nine Geriatric Depression
Scale items (items 6, 8, 10, 13, 16, 18, 22, 23, and 25), reflected the
presence of a sad mood. The motivational symptom factor con-
sisted of six items (items 2, 20, 21, 26, 29, and 30) and identified a
loss of motivation or energy and difficulty in concentrating and
making decisions. In the study reported here, we used the two
groups of items associated with these factors as separate sub-
scales for mood and motivation symptoms.

MRI Acquisition

MRI scans were acquired with a 1.5-T Signa scanner (GE Medi-
cal Systems, Milwaukee). The following axial series oriented par-
allel to the plane connecting the anterior and posterior commis-
sures were obtained: T1-weighted (TR/TE=500/11; 1 excitation);
fast spin-echo T2-weighted (TR/TE=2500/111 effective; 1 excita-
tion); fast spin-echo proton-density-weighted (TR/TE=2200/17
effective; 1 excitation); fast fluid-attenuated inversion recovery
(TR/TE=9002/56 effective; TI=2200; 1 excitation). The section
thickness was 5 mm with a 1-mm intersection gap. All axial se-
quences were obtained with a 24-cm field of view and a 192 × 256
pixel matrix.

White Matter Ratings

Two neuroradiologists (M.B.F., R.L.W.) independently evalu-
ated WMHs on the fluid-attenuated inversion recovery images.
Separate ratings were made for hyperintensities in the periven-
tricular white matter (those in contact with the ventricles) and
hyperintensities in the deep white matter (those not in contact
with the ventricles). The ratings were based on a system devel-
oped for the Cardiovascular Health Study (19, 20), which gave
only one rating for all WMHs. Our examination of the rating stan-
dards used in the Cardiovascular Health Study suggested that
most of the variability in the mild to moderately severe ratings re-
flected differences in the severity of periventricular WMHs.
Therefore, we used the original Cardiovascular Health Study rat-
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ing standards as our measure of periventricular WMHs, and we
devised a comparable scale to evaluate hyperintensities in the
deep white matter.

Rating of periventricular WMHs. A numerical rating for peri-
ventricular WMH burden was assigned by comparing each sub-
ject’s imaging data to predefined Cardiovascular Health Study vi-
sual standards that represent progressive severity with a 10-point
scale (0 through 9). If the two independent raters differed in their
rating by one point, the final rating was the mean of the two
values. A greater than 1-point difference between raters was con-
sidered a disagreement and was adjudicated by consensus. The
percentage of interrater disagreement for the ratings of the
periventricular WMHs in this study was 8.7%. We also had ratings
of periventricular WMHs from T2-weighted and proton-density-
weighted images for 91 of the 92 subjects. Since the original Car-
diovascular Health Study rating scheme was designed to examine
T2-weighted and proton-density-weighted images, we compared
each subjects’ rating for the fluid-attenuated inversion recovery
image with the rating for the T2-weighted and proton-density-
weighted images. We used intraclass correlations to examine in-
terrater reliability on the periventricular WMH ratings for the T2-
weighted and proton-density-weighted images and for the fluid-
attenuated inversion recovery images. The two intraclass correla-
tions were almost identical (0.81 versus 0.83). The ratings of the
periventricular WMHs in the T2-weighted and proton-density-
weighted images and the fluid-attenuated inversion recovery im-
ages were very highly correlated (r=0.91, df=89, p<0.0001). The
mean ratings of the fluid-attenuated inversion recovery images
was significantly higher than the mean ratings of the T2-weighted
and proton-density-weighted images (mean=2.6, SD=1.5 versus
mean=2.2, SD=1.5; t=4.93, df=91, p<0.0001), as would be ex-
pected, since the former type of scan is more sensitive to the pres-
ence of WMHs than the latter type (21).

Rating of deep WMHs. Hyperintensities in deep white matter
were assessed by using a 10-point scale (0 through 9) modeled af-
ter the Cardiovascular Health Study scale. The scale for rating
deep WMHs was developed by three neuroradiologists (M.B.F.,
R.L.W., C.C.M.) and consisted of images representative of an in-
cremental progression of deep WMHs from none (score=0) to se-
vere (score=9). Like the Cardiovascular Health Study scale, the
scale for rating deep WMHs provided visual standards corre-
sponding to ratings 1 through 8, indicating increasing severity.
Where no WMHs were present, a rating of zero was assigned.
Where WMHs more severe than the visual standard for the rating
of 8 were present, a rating of 9 was assigned. The intraclass corre-
lation for the ratings of deep WMHs was almost identical to that
for the ratings of periventricular WMHs (0.84 versus 0.83).

Statistical Analysis

The total Geriatric Depression Scale score, the mood and
motivation subscale scores, and demographic measures were
analyzed with univariate two-way analyses of variance (ANOVA)
testing the main effects of high versus low ratings of deep and
periventricular WMHs and the presence of an APOE-4 allele. In-
teractions between these main effects were also tested. The p val-
ues for all test results are two-tailed.

Results

Geriatric Depression Scale

The number of depressive symptoms present in these
subjects was low, ranging between 0 and 15 (mean=3.0,
SD=3.5). A Geriatric Depression Scale score of 11 (of a pos-
sible maximum of 30) appears optimal as a cutoff for possi-
ble depression (22). On the basis of this cutoff score, the

scores of all but three subjects were in the nondepressed
range. Of these three subjects, one scored 13, the other two,
15. Thus, although almost none of the subjects was clini-
cally depressed, many had varying amounts of depressive
symptoms within the normal range. The mood subscale
scores showed little mood disturbance in this group. The
scores ranged between 0 and 5 (of a possible maximum of
9), with a mean score of 0.5 (SD=1.1). In contrast, the scores
on the motivational subscale covered the total possible
range of 0 to 6; the mean score was 1.4 (SD=1.5).

Ratings of WMHs

The ratings of both periventricular and deep WMHs
covered the entire range of 0–9. The mean rating was 2.6
(SD=1.5) for periventricular WMHs and 3.4 (SD=2.2) for
deep WMHs. For analysis of both types of hyperintensity
we divided the subjects into two groups, those with a low
rating (3 or less) and those with a high rating (more than
3). The rationale for this division was based on data show-
ing that among the healthiest subjects in the Cardiovascu-
lar Health Study, a rating of 4 represented the 95th percen-
tile of ratings of severity (20) in the age group of most
subjects in the present study (i.e., 70–74 years).

APOE Genotype

Of the 92 subjects, 19 (20.7%) were APOE-4 heterozy-
gotes and another two (2.2%) were APOE-4 homozygotes.
The allele frequencies for the total study group were 9.2%
for APOE-2, 78.3% for APOE-3, and 12.5% for APOE-4. The
distribution of APOE alleles is known to differ among Afri-
can Americans and Caucasians (23), as it did in the present
subjects. The allele frequencies for the 80 white subjects
were 8.1% for APOE-2, 80.6% for APOE-3, and 11.2% for
APOE-4, while for the 12 black subjects they were 16.7%,
62.5%, and 20.8%, respectively.

Deep WMH Ratings and Depressive Symptoms

A series of ANOVAs examined the effect that deep WMH
rating and APOE genotype had on scores for the 1) Geriat-
ric Depression Scale total score, 2) motivation subscale
score, and 3) mood subscale score (Table 1). There was a
significant main effect of deep WMH rating on Geriatric
Depression Scale total score; subjects with a high rating
for deep WMHs had higher depression scores than those
with a low rating. There was no main effect of APOE geno-
type, but APOE genotype did interact with deep WMH rat-
ing such that APOE-4 carriers with a high rating for deep
WMHs showed more depressive symptoms than did sub-
jects with a high rating who were not APOE-4 carriers. For
the motivation subscale, there were significant main ef-
fects of deep WMH rating and APOE genotype, as well as a
significant interaction between these two factors. For the
mood subscale, there were no main effects of deep WMH
rating or APOE genotype, but there was a significant inter-
action.

We also examined whether subject age, education, or
Mini-Mental State score varied as a function of deep WMH
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rating or APOE genotype. While age and Mini-Mental State
score did not vary with these two factors, education did.
Individuals with a high rating for deep WMHs tended to be
somewhat less educated than those with a low rating. We
therefore repeated the analyses covarying for education.
The results yielded an identical pattern of significant and
nonsignificant findings to that of the original analysis.

One potential factor complicating interpretation of the
interaction between the effects of deep WMH rating and
APOE genotype was the presence in our study group of 12
black subjects. The APOE-4 genotype is more common
among blacks, although its role as a risk factor for neuro-
pathology in this group is less clear (23). To examine
whether the presence of black subjects altered the general
pattern of these results, we redid the analyses using data
from the 80 white subjects (there were not enough black
subjects to do comparable analyses). The pattern of sig-
nificant and nonsignificant results was unchanged from
that found with the total study group.

It is possible that the relationship between severity of
deep WMHs and the Geriatric Depression Scale score was
being driven largely by the presence of a few mildly de-
pressed individuals (i.e., the three subjects whose Geriatric
Depression Scale scores exceeded 11). We therefore redid
the analyses excluding the data from these three persons.
The pattern of significant and insignificant results was un-
changed from that found with the total study group.

Periventricular WMH Ratings 
and Depressive Symptoms

Periventricular WMH rating was not related to the Geri-
atric Depression Scale total score or to the motivation or
mood subscale scores. Although there was a significant ef-
fect of APOE genotype on motivation subscale score, there
were no interactive effects of APOE genotype and periven-
tricular WMH rating on these measures of depression (Ta-
ble 2). There was also no relation between periventricular
WMH rating and education or Mini-Mental State score.
There was, however, a significant age effect; subjects with

a high periventricular WMH rating were older than those
with a low rating. As with the deep WMH data, exclusion of
African American subjects or subjects who were mildly de-
pressed did not alter the pattern of results found with the
total study group.

Discussion

The results of this study suggest that WMHs are related
to the presence of depressive symptoms even in nonde-
pressed, high-functioning elderly individuals. While the
absolute amount of depressive symptoms seen in this
group was low, the presence of depressive symptoms was
related mainly to the severity of deep WMHs, not periven-
tricular WMHs, a pattern similar to that found in geriatric
major depression (3–5). The relationship between deep
WMHs and major depression has been considered evi-
dence for the existence of a “vascular” form of depression.
Also, as in the characterization of vascular depression (6),
the symptoms most strongly related to deep WMHs in the
present study were problems in motivation and concen-
tration. Thus, the location of the hyperintensities related
to depressive symptoms and the nature of these symp-
toms is similar in both nondepressed older normal sub-
jects and persons with actual geriatric major depression.

There was a significant interaction effect of APOE geno-
type and deep WMH severity on the Geriatric Depression
Scale total score and on the motivational subscale score.
Subjects with severe deep WMHs who also carried an
APOE-4 allele reported considerably more depressive
symptoms than did non-APOE-4 carriers. The nature of
this interaction is similar to that reported by Slooter et al.
(16), who showed that the deleterious effect of WMHs on
cognitive performance is greater if subjects also carry an
APOE-4 allele. The existence of an interaction between
deep WMH severity and APOE genotype is consistent with
a role for cerebrovascular disease in producing depressive
symptoms, even in nondepressed, high-functioning nor-

TABLE 1. Demographic and Clinical Characteristics of Normal, High-Functioning Elderly Subjects (N=92), by Apolipoprotein
E (APOE) Genotype and Severity of Deep White Matter Hyperintensities (WMHs)

Genotype

APOE-2 or APOE-3 APOE-4 Analysis (df=1, 88)

High Severity 
of Deep
WMHsa

(N=28)

Low Severity 
of Deep
WMHsb

(N=43)

High Severity
of Deep
WMHsa 
(N=10)

Low Severity 
of Deep
WMHsb 
(N=11) APOE Genotype

Severity of 
Deep WMHs

Interaction of 
APOE Genotype 
and Severity of 

Deep WMHs 

Characteristic Mean SD Mean SD Mean SD Mean SD F p F p F p
Age (years) 73.9 4.1 73.5 3.2 74.2 3.0 73.2 3.2 0.00 n.s. 0.65 n.s. 0.13 n.s.
Education (years) 15.6 2.2 16.7 1.9 15.5 1.4 17.1 1.0 0.07 n.s. 7.88 <0.007 0.32 n.s.
Geriatric Depression Scale

Total score 2.5 2.5 3.1 3.6 5.9 5.2 1.5 2.4 1.20 n.s. 4.93 <0.03 8.53 <0.005
Motivation subscale score 1.1 1.2 1.3 1.3 3.1 2.2 0.9 1.4 4.79 <0.04 8.13 <0.006 11.36 <0.002
Mood subscale score 0.3 0.6 0.5 1.2 1.1 1.7 0.0 0.0 0.29 n.s. 2.67 n.s. 6.73 <0.02

Mini-Mental State score 28.1 1.5 28.0 1.5 27.2 1.8 27.6 1.9 2.61 n.s. 0.27 n.s. 0.34 n.s.
a Rating of more than 3 on a 0-to-9 scale consisting of representative MRIs showing an incremental progression of deep WMHs from none to

severe.
b Rating of 3 or less on a 0-to-9 scale consisting of representative MRIs showing an incremental progression of deep WMHs from none to severe.
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mal individuals, just as it does in some individuals with ge-
riatric major depression.

Recent studies by Sato et al. (24) and by Steffens et al.
(25) examined the relation of MRI variables to the pres-
ence of depressive symptoms in a large population-based
sample (the Cardiovascular Health Study). Neither found
any strong evidence for a link between WMHs and depres-
sive symptoms. There are several possible explanations for
why the present study found a relationship between WMH
severity and depressive symptoms while the two earlier
studies did not. First, there were substantial differences in
MRI methods. The Cardiovascular Health Study rated
WMHs on T2 images, whereas we used the newer fluid-
attenuated inversion recovery technology, which is more
sensitive to the presence of white matter pathology (21).
The present study also differentiated between periven-
tricular WMHs and deep WMHs, while the WMH rating
scale used by Sato et al. and by Steffens et al. was heavily
weighted toward variability in periventricular WMHs, ex-
cept at the most severe end of the scale. A second area of
difference is the method used to measure depression. The
Cardiovascular Health Study used a modified version of
the Center for Epidemiologic Studies Depression Scale
(CES-D Scale), whereas the present study administered
the Geriatric Depression Scale. More important, in the
present results the strongest relationship between deep
WMHs and depressive symptoms involved a subset of
items dealing with difficulties in motivation, concentra-
tion, and problem solving, and not items dealing with de-
pressed mood. The studies by Sato et al. and Steffens et al.
measured depressive symptoms using the total CES-D
Scale score and did not distinguish between mood and
motivation symptoms. Finally, in the present study, APOE
genotype interacted strongly with deep WMH severity,
while the effect of APOE genotype was not examined in
the two earlier studies.

Why should cerebrovascular disease be related to moti-
vational symptoms in this group of nondepressed elderly
subjects? One possibility is that the subjects’ reports of
motivational difficulties are signs of a mild depressive
state. Depressed individuals tend to assess their own cog-
nitive performance as poor, even when their actual scores
are no worse than those of nondepressed persons (26).
Vascular depression is thought to be particularly charac-
terized by a loss of interest and motivation (6). In this
sense, the relation of WMH severity to our subjects’ com-
plaints of problems in motivation and concentration
would fit with the concept of vascular depression. Arguing
against the view that motivational and concentration
complaints are early symptoms of a subclinical depression
is the paucity of actual mood symptoms in our subjects;
on the mood subscale of the Geriatric Depression Scale,
there was little evidence for feelings of sadness or hope-
lessness. Another possibility is that the frontostriatal dys-
function associated with deep WMHs produces genuine
deficits in motivation, concentration, and decision mak-
ing (4). If this were the case, subjects’ complaints of im-
pairments in these areas would not necessarily be signs of
a mood disturbance, but rather a realistic self-assessment
of actual difficulties. The data in the present study do not
allow us to differentiate between these two possibilities.

Although we have interpreted the present results as
demonstrating a relation between deep WMHs and de-
pressive symptoms, there is an alternative explanation.
Some of the individuals with a large amount of deep
WMHs could have incipient dementia. Hyperintensities
tend to be more common in persons with Alzheimer’s dis-
ease than in normal elderly persons (5), and depressed
mood can be an early manifestation of Alzheimer’s dis-
ease (27). Thus, the relation between deep WMHs and de-
pressive symptoms in this study, and especially the inter-
action of deep WMH severity with an APOE-4 genotype,

TABLE 2. Demographic and Clinical Characteristics of Normal, High-Functioning Elderly Subjects (N=92), by Apolipoprotein
E (APOE) Genotype and Severity of Periventricular White Matter Hyperintensities (WMHs)

Genotype Analysis (df=1, 88)

APOE-2 or APOE-3 APOE-4

APOE
Genotype

Severity of
Periventricular

WMHs

Interaction of 
APOE Genotype
and Severity of
Periventricular

WMHs

High Severity of
Periventricular
WMHsa (N=17)

Low Severity of 
Periventricular 
WMHsb (N=54)

High Severity of 
Periventricular 
WMHsa (N=5)

Low Severity of 
Periventricular 
WMHsb (N=16)

Characteristic Mean SD Mean SD Mean SD Mean SD F p F p F p
Age (years) 74.4 3.7 73.4 3.5 76.2 3.7 72.9 2.4 0.39 n.s. 4.76 <0.04 1.40 n.s.
Education (years) 16.2 2.3 16.3 2.0 15.4 1.9 16.6 1.2 0.17 n.s. 1.42 n.s. 0.90 n.s.
Geriatric Depression 

Scale
Total score 3.0 3.2 2.8 3.2 5.8 6.4 2.9 3.7 2.04 n.s. 2.22 n.s. 1.71 n.s.
Motivation subscale 

score 1.3 1.4 1.2 1.2 2.8 2.6 1.7 2.0 5.05 <0.03 1.80 n.s. 1.48 n.s.
Mood subscale score 0.5 0.9 0.4 1.1 1.2 1.8 0.3 1.0 0.86 n.s. 2.65 n.s. 1.52 n.s.

Mini-Mental State 
score 28.2 1.6 28.0 1.5 27.0 1.4 27.6 1.9 3.12 n.s. 0.19 n.s. 0.61 n.s.

a Rating of more than 3 on a 0-to-9 scale consisting of representative MRIs showing an incremental progression of periventricular WMHs from
none to severe.

b Rating of 3 or less on a 0-to-9 scale consisting of representative MRIs showing an incremental progression of periventricular WMHs from none
to severe.
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could reflect the presence of preclinical Alzheimer’s dis-
ease among our subjects. While we cannot exclude this
possibility, several pieces of evidence argue against it.
First, WMHs in Alzheimer’s disease appear to be located
predominantly in the periventricular region rather than
in the deep white matter, whereas the hyperintensities re-
lated to major depression in previous studies (4, 5) and to
depressive symptoms in the present study were predomi-
nantly in the deep white matter. Second, in the present
study, subjects with a high rating for deep WMH and
those with a low rating did not differ in their Mini-Mental
State scores. There was also no direct effect of APOE gen-
otype on Mini-Mental State score, nor did APOE genotype
interact with the effect of deep WMHs. However, the
Mini-Mental State is relatively insensitive to dementia in
highly educated subjects, and so the results on this scale
do not rule out the possibility that incipient Alzheimer’s
disease contributed to the present results. A 3-year fol-
low-up of these subjects is presently under way and will
hopefully resolve whether preclinical Alzheimer’s disease
played any role in producing depressive symptoms in this
study.

Overall, the present results show that in a high-func-
tioning group of nondepressed older individuals, the bur-
den of deep WMHs is related to the total amount of de-
pressive symptoms and more specifically to problems of
motivation and concentration. This pattern of results is
similar to that found in patients with geriatric major de-
pression and generally supports the possibility of a vascu-
lar origin for at least some of the depressive symptoms
that are common in older individuals.
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