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Abstract
Since being proposed as a unique subtype of late-life depression (LLD), the vascular depression
hypothesis has received considerable research attention. Although this effort has generated
considerable empirical support for the validity of the subtype, fundamental questions remain
including how the illness is defined, whether cerebrovascular disease and executive dysfunction
(ED) define two separate entities or one underlying subtype, and whether ED is responsible for
poor response to antidepressant treatment. In this guest editorial, we explore these and other issues
(i.e., the role of personality and social support, psychosocial treatments targeting cognitive
abilities frequently impaired in LLD) using a number of important papers that are either directly or
indirectly related to the vascular depression hypothesis. In so doing we highlight a range of critical
problems facing the vascular depression hypothesis and the effort to establish the illness as a
unique diagnostic entity in late-life.

Keywords
vascular depression; late-onset depression; executive dysfunction; cerebrovascular disease;
treatment outcome; geriatric depression

Since being proposed as a subtype of depression in late-life (1–4), the vascular depression
hypothesis has received considerable research attention. The vascular depression hypothesis
originated from the following findings: 1) patients with late-onset depression (LOD) had
higher rates and greater severity of hyperintensities on T2-weighted brain MRI when
compared with patients with early-onset depression (EOD) (3,5–7), 2) patients with LOD
and MRI hyperintesities demonstrated greater neuropsychological impairment than patients
with EOD (1,5,8), and 3) greater severity and higher rates of MRI hyperintensities were
associated with poor response to treatment (3). A coherent theory of vascular depression
began to emerge in which cerebrovascular disease causes structural damage to corticostriatal
circuits creating a vulnerability to antidepressant treatment resistant LOD that is
characterized by the presence of deficits in executive functioning (1,6,9) (see Figure 1).

Throughout the history of the vascular depression hypothesis, a number of researchers have
proposed different diagnostic criteria (1,2,10–12). Alexopoulos et al (13) regarded clinical
and or/laboratory evidence of vascular disease and late depression onset (after age 65) as
cardinal features whereas Krishnan et al (6) considered clinical and/or neuroimaging
evidence of cerebrovascular disease and NP impairment as the defining features of the
illness. Since then, both researchers have further refined their notions of vascular depression.
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Krishnan and his colleagues (10) have proposed a subcortical ischemic depression (SID) in
which only MRI evidence of cerebrovascular pathology is needed to define the disorder.
Alexopoulos and colleagues proposed a depression executive dysfunction (DED) disorder of
late-life that, while recognizing the role of cerebrovascular pathology in the etiology of the
illness, only requires executive dysfunction (ED) to meet diagnostic criteria (11,12).

Lack of consensus on criteria makes it difficult to interpret discrepant findings across studies
(14). For example, Sheline et al (15) found that neuropsychological test performance and
MRI hyperintensities predicted depression symptom severity over a 12-week course of
treatment in depressed older adults. However, their definition of vascular depression did not
correspond to any prior definition of the illness making it difficult to compare findings
across studies (6,10,16). To address problems like these, Sneed et al (16) used data from
two, large clinical samples of late-life depressed patients and showed that the vascular
group, defined by a high probability of having MRI hyperintensities (deep white matter and
periventricular), ED, and late age-at-onset, was most accurately identified by deep white
matter lesions. Although deep white matter hyperintensities (DWMH) were the only
indicator necessary to determine class membership, the use of ED as a secondary feature
increased the accuracy of diagnostic classification suggesting that ED represents a critical
secondary feature of the subtype.

In what follows, we highlight a number of critical questions facing the vascular depression
hypothesis. Interestingly, none of the articles selected for this editorial contains the term
“vascular depression” in its title. A number of papers, however, contain the phrase
“depression executive dysfunction syndrome” or “executive function.” This raises the first
and perhaps most important question: What is the relationship between vascular depression
and ED? In this issue, Kim et al (17) examine the role of vascular risk factors in the
development of the proposed DED syndrome. The authors found a significant association
between a previous cerebrovascular attack and DED whereas depression without ED was
unrelated to a previous cerebrovascular attack. These findings raise the possibility that the
different criteria used to define vascular depression and DED ultimately define that same
patient population.

Diagnostic overlap is highlighted in studies of antidepressant treatment response. Some
studies have shown that being classified as vascular depressed predicts poor antidepressant
treatment response (3,18–22) whereas other studies have shown a role for ED in predicting
poor antidepressant treatment response (23–26). In one study examining the independent
roles of hyperintensity burden, ED, and late age-at-onset in predicting antidepressant
treatment response, Sneed et al (26) found that only ED (as measured by the Stroop Color
Word Test) predicted poor response. In contrast to the predictive utility of hyperintensity
burden, studies examining the predictive utility of ED rely on different tests that tap
different domains of this construct. Therefore, it is unclear which aspect of this broad and
multifaceted construct is responsible for poor antidepressant response. In this issue,
Morimoto and colleagues (27) examine the role of semantic strategy in explaining the
relationship between deficits on the initiation/perseveration subscale of the Mattis Dementia
Rating Scale and remission. The authors found that only the verbal fluency task of this
subscale predicted remission and that executive impairment in verbal strategy explained
performance on the verbal fluency task. This suggests that verbal strategy is responsible for
lack of remission.

The role of personality (e.g., personality traits like neuroticism, extraversion, openness to
experience, conscientiousness, and agreeableness) in LOD in general, and vascular
depression in particular, has been largely ignored. The theoretical justification for this stems
from the early finding that patients with LOD had higher rates of DWMH compared to
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patients with EOD (3,5–7) indicating that the etiology of LOD was vascular and not related
to a long-standing predisposition to depression. This notion was supported by data showing
that neuroticism levels are lower in depressed women with LOD compared to depressed
women with EOD (28). However, this idea is based on the faulty assumption that someone
with EOD could not have a vascular depression later in life (16,29). Moreover, because there
is an established relationship between psychosocial stress and the development of vascular
risk factors (30,31), a role for personality seems natural and compelling. Although not
directly related to the vascular depression hypothesis, Oddone and colleagues (32) in this
issue examine the relationship between social support, personality, and depression among
older adults with and without depression. They found that depressed older adults reported
higher neuroticism and lower extraversion, openness, and conscientiousness and had more
impairment in instrumental social support, social interaction and subjective social support
than non-depressed adults. Furthermore, subjective social support modified the association
between personality and depressive symptoms. These findings are important not only
because they support the role of personality in late-life depression (LLD) but also because
they support the important role of social support, which was implicated in early models of
the vascular depression hypothesis (4).

The vascular depression hypothesis is specific regarding the location of DWMH. In
particular, the functional deficits of the subtype have been hypothesized to reflect lesions
within frontostriatal circuits that are integral to emotion regulation and executive functioning
(13). Studies have documented neuroimaging evidence of cerebrovascular irregularities in
the form of DWMH and/or reduced volume in frontal and subcortical regions (33–37).
Previous reports of morphometric studies in LLD have documented neuronal abnormalities
within the prefrontal cortex (38,39). In this issue, Khundakar and colleagues (40) extend
existing findings by conducting the first morphometric investigation of the caudate nucleus
in LLD. They found a significant reduction in neuronal density in both the dorsolateral and
ventromedial areas of the caudate nucleus, although there was no evidence of changes in
glial density or in neuronal volume. These findings suggest that neuronal abnormalities in
some LLD are present not only within the frontal region but also within the striatal region,
which is consistent with the vascular depression hypothesis.

Cognitive impairment is common in LLD, particularly in memory (41), visuospatial
functioning (42), information processing speed (8), and executive functioning (43). In this
issue, Yen and colleagues (44) examined the impact of depressive symptoms on memory,
reasoning, speed of processing abilities and everyday problem-solving. The relationship
between LLD and functional disability (i.e., everyday problem-solving difficulties) was
mediated by cognitive abilities such as learning, memory, and reasoning (a component of
executive functioning). Given the relationship between ED and poor antidepressant
treatment response, problem-solving therapy has been proposed as an effective alternative to
antidepressant medication in the treatment of LLD (45,46). However, the findings of Yen et
al (44) in this issue suggest that successful interventions may also need to target other
cognitive abilities (i.e., learning and memory) that are impaired in LLD.

At this point, the critical question facing the field with regard to the vascular depression
hypothesis is how to define the patient population (14,16). Researchers have gravitated
towards defining the population in two different but certainly related ways: One in terms of
functional outcomes (ED and treatment outcome) and the other in terms of underlying
pathophysiology (DWMH burden). To examine the relative value and contribution of these
factors in defining the subtype, studies need to include comprehensive neuropsychological
and neuroimaging evaluations. One of the critical issues facing such an endeavor is the
definition and measurement of executive functioning as it consists of a number of different
components (47,48), and tests of executive functioning often measure multiple cognitive
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abilities making it difficult to know what aspect is operating (49). Consequently, it is also
difficult to determine whether the underlying deficit is attributed to higher order functions or
lower order cognitive processes (i.e., processing speed) (50–52). Finally, in order to make
real progress regarding the validity of this proposed subtype, its longitudinal course needs to
be characterized (16). By differentiating the course of illness between diagnostic groups
much of the definitional issues that exist within the subtype may be resolved.
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Figure 1.
A schematic diagram depicting the vascular depression hypothesis [based on Krishnan and
McDonald (4)].
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