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MRI-Defined Vascular Depression

K. Ranga Rama Krishnan, M.D., Judith C. Hays, R.N., Ph.D., and Dan G. Blazer, M.D., Ph.D.

Objective: The authors’ goal was to characterize the clinical and demographic features of
vascular depression. Method: They classified 89 depressed patients into two groups—those
with vascular (N=32) and nonvascular (N=57) depression—on the basis of examination of
brain magnetic resonance images. All of the patients were enrolled in the National Institute
of Mental Health Clinical Research Center for the Study of Depression in Later Life, located
at Duke University. The patients with vascular and nonvascular depression were compared
on several clinical and demographic risk factors. Results: Bivariate analyses and a fully ad-
justed logistic regression model revealed that older age, late age at onset, and nonpsychotic
subtype occurred more often in patients with vascular depression than in those with nonvas-
cular depression. A family history of mental illness was found somewhat less often, and an-
hedonia and functional disability were seen somewhat more often in patients with vascular
depression. Conclusions: The profile of patients with vascular depression needs to be devel-
oped further. This is likely to have important therapeutic and theoretical implications for the
management of these patients.
 (Am J Psychiatry 1997; 154:497–501)

R isk factors for the onset of depression in late life are
poorly understood. Genetic factors appear to be

less important in late-onset depression than in early-onset
depression (1). In contrast, structural changes in the
brain, especially vascular or ischemic changes, appear to
be of more importance (2, 3). Fujikawa et al. (4) used the
term “silent cerebral infarction” to describe the pathol-
ogy in these patients. We had introduced the term “arte-
riosclerotic depression” to denote depression in patients
with cerebrovascular or ischemic changes in the brain (5).
The term “vascular depression” may be more consistent
with the current conceptualization of vascular dementia
in, for example, DSM-IV, where the multiple cognitive
deficits are judged to be related to multiple infarcts in the
brain. We conceptualize vascular depression as depres-
sion related to multiple infarcts in the brain (we discussed
this with George S. Alexopoulos, M.D., of Cornell Uni-
versity Medical College).

In this paper we used data from the National Institute
of Mental Health (NIMH) Clinical Research Center for
the Study of Depression in Later Life, located at Duke
University, to further advance our understanding of
vascular depression. Using brain magnetic resonance
imaging (MRI), we identified depressed patients with
vascular changes and compared them with depressed
patients without vascular changes. The classification

was based on a patients’ scores on a modified Fazekas
scale (6) (described in the Method section). Because de-
pressive symptoms can occur quite often in the early
stages of vascular dementia, we excluded patients
whose mental status was compromised to safeguard
against the confounding effect of cognitive impairment.

Five hypotheses were tested: patients with vascular
depression would 1) be older, 2) have a later age at on-
set, 3) have less family history of mental illness, 4) re-
port more apathy (based on our previous study noting
greater loss of interest among patients with late-onset
depression [7]), and 5) have more functional impair-
ment than depressed patients without vascular changes.

METHOD

Subjects and Design

The study used a case-comparison group design. Clinical and phe-
nomenological data for this study were obtained from patients
treated at the NIMH Clinical Research Center for the Study of De-
pression in Later Life, located at Duke University (7). All patients
with a diagnosis of major depressive disorder who had no comorbid
dementia or other major neurological disorders, whose depression
was not secondary to medications (e.g., steroids) or medical illnesses,
and for whom brain MRI data were available were eligible for the
study (N=156). As an additional safeguard against the confounding
effect of cognitive impairment, patients with low-to-moderate scores
on the Mini-Mental State scale (errors ≥4) (N=26) were removed
from the study group. Data on age at onset were not available for 15
patients; these were dropped from further analysis. Missing values for
age at onset were distributed similarly across patients with vascular
and nonvascular depression. Of the remaining 115 patients, 89 had
unipolar disorder and constituted the study group. Seventy-three of
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the 89 subjects had recurrent unipolar depression; 12 had psychotic
features; six had a history of chronic obstructive pulmonary disease;
six had a history of emphysema; none was diabetic; 15 had hyperten-
sion; 10 had cardiac disease; four had a history of alcohol depen-
dence. The procedures and purpose of the study were explained to all
patients and written informed consent was obtained from each.

Measures

Case status. MRI acquisition procedures were as follows: all subjects
were screened by a technologist for presence of cardiac pacemakers,
neurostimulators, metallic implants, metal in the orbit, aneurysm clips,
or any other circumstance where MRI is contraindicated. Any such sub-
jects were excluded from the study. Physicians (K.R.R.K. or another
physician) conducted preliminary interviews with the screened subjects,
explaining the MRI examination. The subjects wore patient gowns dur-
ing scanning to eliminate any external ferromagnetic contaminants (e.g.,
snaps, zippers, hairpins, or bra underwire).

The standardized section of the MRI study used T1- and T2-
weighted 1H spin-echo pulse sequences to image the subject’s brain
in the head coil of the MRI system. The landmark of the imaging
volume was the nasion. Calibration standards for T2 (80- and 120-
msec T2 values) were included within the field of view. The first set
of images were obtained with an axial multisection long TR (2500–
3000 msec) double-echo (30–40 and 75–80 msec) spin-echo data-ac-
quisition sequence with flow compensation gradients, 256 phase-en-
coding steps. To obtain enough sections to cover the whole brain,
5-mm-thick with 2.5-mm-gap acquisitions were used. Saturation of
spins outside the imaging volume (standard gap=15 mm) and flow
compensation (gradient moment nulling) were used routinely to
eliminate artifacts due to flowing blood and CSF. This was followed
by a series of T1-weighted images (TR=500 msec, TE=20 msec) with
a 256 × 192 matrix, 5-mm section thickness with 2.5-mm gap. Alias-
ing in the phase-encoding and frequency-encoding axes was elimi-
nated if necessary by oversampling and filtration. These two sequences
formed a “minimal” routine brain examination that is adequate for

TABLE 1. Risk Factors Among Patients With Vascular and Nonvascular Depression

Patients With
Vascular

Patients With
Nonvascular Analysisa

All Patients
(N=89)

Depression
(N=37)

Depression
(N=52)

Odds 
Ratio

95%
Confidence 

IntervalRisk Factor N % N % N %

Age (years)
≥60 39 43.8 27 73.0 12 23.1
<60 50 56.2 10 27.0 40 76.9

Sex 0.87 0.30–2.51
Female 61 68.5 26 70.3 35 67.3
Male 28 31.5 11 29.7 17 32.7

Family history of mental illness 0.84 0.30–2.35
Yes 59 66.3 22 59.5 37 71.2
No 30 33.7 15 40.5 15 28.8

Family history of suicide 0.58 0.20–1.72
Yes 27 30.3  9 24.3 18 34.6
No 62 69.7 28 75.7 34 65.4

Family history of alcohol or drug use 1.53 0.55–4.29
Yes 45 50.6 18 48.6 27 51.9
No 44 49.4 19 51.4 25 48.1

Psychotic features 0.17 0.03–0.99
Yes 12 13.5  2  5.4 10 19.2
No 77 86.5 35 94.6 42 80.8

Loss of interest 1.40 0.45–4.34
Yes 66 74.2 29 78.4 37 71.2
No 23 25.8  8 21.6 15 28.8

Motor retardation 0.77 0.22–2.67
Yes 72 80.9 30 81.1 42 80.8
No 17 19.1  7 18.9 10 19.2

Guilt feelings 1.11 0.36–3.43
Yes 67 75.3 28 75.7 39 75.0
No 22 24.7  9 24.3 13 25.0

Age at onset (years) 3.35 1.02–10.97
>40 (late) 30 33.7 22 59.5  8 15.4
≤40 (early) 59 66.3 15 40.5 44 84.6

Number of episodes 1.66 0.52–5.32
>12 23 25.8  9 24.3 14 26.9
≤12 66 74.2 28 75.7 38 73.1

Montgomery-Åsberg Depression Rating
Scale score 1.42 0.53–3.79
≥30 49 55.1 23 62.2 26 50.0
<30 40 44.9 14 37.8 26 50.0

Instrumental activities of daily living score 4.07 0.91–18.13
≥10 14 15.7 11 29.7  3  5.8
<10 75 84.3 26 70.3 49 94.2

Vascular symptoms 1.04 0.23–4.76
Yes 10 11.2  6 16.2  4  7.7
No 79 88.8 31 83.8 48 92.3

aAge-adjusted odds of risk factor among patients with vascular depression.
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reference to clinical care standards and location of
lesions but that needed additional sequences for good
volume measurement and further characterization
of lesions.

Lesions were classified according to a modified
Fazekas classification system (8, 9), which provides a
rough assessment of the extent of subcortical gray
matter, deep white matter, and periventricular
changes on brain MRI. Patients were classified as
having vascular depression if they had a score of 2 or
more on either deep white matter hyperintensity or
subcortical gray matter ratings. Comparison subjects
(those whose depression was nonvascular) had scores
of 0 or 1 on both the deep white matter hyperinten-
sity and subcortical gray matter ratings. A single
punctate lesion in deep white matter reflects perivas-
cular space and is considered normal; thus, the clas-
sification was based on a conservative interpretation.
The large lesions correlated with areas of myelin pal-
lor, infarcts, or lacunae (9). The ratings were con-
ducted blind to clinical information. The intraclass
correlation coefficient (ICC) for deep white matter
hyperintensity was 0.85; for subcortical gray matter
ICC=0.80.

Risk factors. All patients were given the Duke De-
pression Evaluation Schedule (7), a composite diag-
nostic interview instrument that includes the Center for Epidemio-
logic Studies Depression Scale, the Carroll Rating Scale, the NIMH
Diagnostic Interview Schedule (DIS), and the Montgomery-Åsberg
Depression Rating Scale. The instruments included were used sepa-
rately and were enriched with items permitting diagnosis of all disor-
ders in DSM-III and DSM-III-R, including major depressive episode,
its subtypes, and comorbid psychiatric conditions (e.g., generalized
anxiety, panic, and somatization disorders).

Data on all risk factors were taken from the Duke Depression
Evaluation Schedule. Several of the clinical risk factors, such as age
at onset, number of depressive episodes, symptoms of depression
(apathy, guilt feelings, motor retardation), and subtype (psychosis),
were obtained with the DIS section that assesses depression. The
interrater reliability for most DIS items was 1.0, reflecting the ex-
tremely structured format of the Duke Depression Evaluation
Schedule. Patients were subdivided into those with early-onset and
late-onset depression by using age 40 as the cutoff. Cutoffs of 45
and 50 years were also examined. Excess risk for number of epi-
sodes was counted for patients with episodes in the highest quintile
(>12). Information on family history of suicide, alcohol or drug
abuse, and other mental illness was also obtained from the patients
in the study. The reliability for family history of suicide was 0.83,
based on a blind reassessment of videotaped interviews. Severity of
depression was assessed by using the Montgomery-Åsberg Depres-
sion Rating Scale; patients were considered at high risk if their total
score was 30 or higher.

Medical vascular risk was assessed as positive if the patient re-
ported heart disease with history of hypertension or stroke or a his-
tory of hypertension and stroke. The measure of disability included
nine self-reported instrumental activities of daily living items that as-
sessed gross mobility and cognitive function (e.g., shopping and man-
aging household finances). Instrumental activities of daily living risk
was counted as positive for patients with disability scores in the high-
est quintile (≥10).

Analysis

Differences in risk factors between patients with vascular and non-
vascular depression were examined initially with chi-square tests of
differences in proportions and subsequently with logistic regression
models of the vascular risk associated with each individual risk factor,
adjusted for age only. No colinearity problems were evident among
independent variables. A multivariable logistic regression model was
also tested with all potential risk factors in the model. The relation-
ship of risk factors to brain lesions measured as continuous variables
was also examined.

RESULTS

The distribution of risk factors in the patients with
vascular and nonvascular depression is presented in ta-
ble 1. Patients with vascular depression were more
likely to be at least 60 years old than were patients with
nonvascular depression (χ2=21.9, df=1, p=0.001). In
age-adjusted analyses, patients with vascular depres-
sion demonstrated higher odds of having nonpsychotic
subtypes of depression and of having late-onset depres-
sion (>40 years) when the cutoff for age at onset was 40
years, but not when it was 45 or 50 years. In analyses
adjusted only for age, vascular brain changes were not
significantly disproportionate across the items of gen-
der, family history of mental illness, depressive subtype,
symptoms associated with the index episode, number of
episodes, symptom severity, functional disability, or
medical history of vascular problems. The relationship
between age at onset and severity of hyperintensity was
nonlinear when age was controlled for.

In fully controlled analyses (table 2), patients with
vascular depression demonstrated significantly higher
odds of being elderly, nonpsychotic, and having a late-
onset depressive disorder. In addition, the odds of a
family history of alcohol or drug abuse, functional dis-
ability, and anhedonia were greater than four or three
times those of the patients with nonvascular depression
(table 2). However, the confidence intervals associated
with these odds ratios demonstrated that chance cannot
be excluded as the reason for differences in the propor-
tions. The number of subjects limits the precision of
these estimates. Cognitively impaired subjects demon-
strated more cardiovascular comorbidity and a trend
toward more hyperintensities. Hyperintensities were
more frequent in older men than in younger men or
older women.

We also regressed continuously distributed scores for
deep white matter hyperintensity over all risk factors in
ordinary least squares models. Age, family history of

TABLE 2. Multiple Logistic Regression Parameters for Comparison of 37 Patients
With Vascular Depression and 52 Patients With Nonvascular Depressiona

Risk Factor
Parameter
Estimate

Standard
Error

Odds 
Ratio

95%
Confidence

Interval

Age ≥60 –1.71 0.78 0.18 0.04–0.83
Female  0.03 0.65 1.03 0.29–3.72
Family history of mental illness –1.02 0.72 0.36 0.09–1.48
Family history of suicide –0.57 0.79 0.57 0.12–2.69
Family history of alcohol or drug use  1.49 0.79 4.42 0.94–20.88
Psychotic features –2.52 1.16 0.08 0.01–0.79
Loss of interest  1.22 0.83 3.37 0.66–17.30
Motor retardation –1.71 1.04 0.18 0.02–1.38
Guilt feelings  1.05 1.03 2.87 0.38–21.62
Late onset (>40 years)  1.97 0.87 7.16 1.30–39.45
Number of episodes >12  0.26 0.83 1.30 0.26–6.58
Montgomery-Åsberg Depression Rat-

ing Scale score ≥30  0.26 0.77 1.30 0.29–5.88
Instrumental activities of daily living

score ≥10  1.40 0.93 4.04 0.65–25.08
Vascular symptoms  0.44 0.97 1.55 0.23–10.44

a–2 log likelihood χ2=77.24, df=14, p=0.0001.
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alcohol use, and nonpsychotic subtype were strongly
significant risk factors. Other risk factors were in the
direction of hypothesized relationships (data not shown).

DISCUSSION

The present study of a relatively large number of de-
pressed patients whose vascular or nonvascular depres-
sion was determined by MRI provides limited support
for all five hypotheses. We found that both crude and
adjusted risks of vascular depression were associated
with age and late-onset depressive illness. These results
validate earlier studies showing a link between vascular
changes and late-onset depression (10–14). Lower risk
of a family history of mental disorder or suicide and
higher risk of anhedonia and functional disability were
evident among patients with vascular depression, al-
though chance cannot be ruled out as the explanation.
The lack of significance may be related to an insuffi-
cient number of subjects and also the lack of clinically
significant differences in these variables. The results of
this study may reflect a unique group of patients who
seek evaluation in a clinical research center. Further
studies in larger numbers of patients are needed to ex-
pand on these initial results. The findings also suggest
that depression—even in patients with cerebrovascular
changes—is probably multifactorial and that genetic
factors and life events continue to be important. The
genetic factors in this group of patients may be different
and could be related to the genetic risk factors for vas-
cular disease.

The concept of vascular depression is subject to the
same limitations as the concept of vascular dementia.
The major problem with these concepts is that they pre-
suppose that vascular factors are the sole cause of the
syndrome. In the case of vascular dementia there is in-
creasing recognition that vascular factors are often con-
tributors even though they may not be the primary
cause of the cognitive deficits (15–17). In a similar vein,
we have speculated that depression in patients with
cerebrovascular disease is also multifactorial in origin
and that vascular factors are but one etiologic factor. In
the case of vascular dementia, treatment of vascular risk
factors has not been shown to provide cognitive im-
provement (18). To a certain extent, the findings affirm
the effects of coexisting cerebrovascular disease, i.e., in-
creased disability. At the current time there are limited
data suggesting that treatment response is different in
these patients (19). We are in the process of completing
long-term outcome studies that could supplement the
limited data now available. It is possible that treatment
of vascular risk factors may be of benefit in patients
with vascular depression.

We have suggested that depression in these patients
may be the result of damage to the striato-pallido-tha-
lamo-cortical pathways (20). The damage due to the le-
sions may cause depression either by means of direct dis-
ruption of the circuits regulating mood or disruption of
the norepinephrine and serotonin circuits that regulate

this system. Studies evaluating monoamine function and
functional imaging studies may provide further expo-
sition of the pathophysiology of vascular depression.

The concept of vascular depression may have diag-
nostic, prognostic, and treatment implications. Further
studies are needed to evaluate if the cause of illness,
disability, and cognitive impairment is different in these
patients. The demonstration by recent epidemiologic
studies that the type of vascular changes seen in the
brain are related to carotid atherosclerosis, hyperten-
sion, and history of myocardial infarcts (21, 22) also
points to the need for evaluating vascular risk more
closely in these patients and designing suitable treat-
ment regimens to reduce these risk factors. Treatment
could include regimens such as a low-fat, low-salt diet,
use of suitable pharmacological strategies to control
high cholesterol or hypertension, and surgical tech-
niques to treat carotid atherosclerosis.
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