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Abstract

Context: Depression is a risk factor for vascular disease and vice versa. Identification of biological mechanisms common for depres-
sion and vascular pathology at microvascular level, and understanding their clinical significance may contribute to better treat-
ment and prognosis of this combined physical/psychiatric disorder.
Evidence Acquisition: We searched the PubMed computer database for the following key words “Microvascular AND Depression”
on the 28th of October, 2015 to obtain relevant articles, which were consequently summarized to facilitate further research in the
field of psychiatry.
Results: The majority of studies support the suggestion that microvascular abnormality is associated with depression even if sev-
eral documents do not necessarily support this idea. It seems probable that microvascular abnormality is only relevant in particular
subtypes of depression, for example depression due to a general medical condition, late-life depression, or pharmacoresistant de-
pression. The biological mechanisms by which microvascular abnormality is interconnected with depression may cover genetics,
epigenetics, endothelial dysfunction, inflammation or hyperhomocysteinemia.
Conclusions: Further research should be aimed at identifying biological mechanisms common in depression and microvascular
pathology, including genetics and epigenetics, longitudinal studies of this subcategory of patients with depression, and possible
pharmacotherapy overcoming the usual non-responsiveness. An active detection and aggressive treatment of physical diseases as-
sociated with microvascular pathology and depression, like hypertension, diabetes or inflammation, is warranted. This way, the
patients experience less distress, their quality of life will increase, and societal cost of this vascular/psychiatric disorder will be re-
duced.

Keywords: Depression, Microvascular Abnormalities, Neuroimaging, Retina, Biomarkers, Inflammation, Diabetes Mellitus,
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1. Context

Depression is a common illness worldwide, and about
350 million people are affected. Females are more suscep-
tible to depression and anxiety in comparison to males.
Especially in long-term case and moderate to severe sit-
uations, depression can become a serious health condi-
tion. Patients with depression experience great distress
and function poorly at work, at school and in their fam-
ily. At its worst, depression may lead to suicide. Every year,
an estimated 800000 people die from suicide, globally, the
majority being males (1, 2). Mental disorders also have seri-
ous economic consequences: depression was estimated to
cost at least 800 billion USD during 2010 in loss economic
output, a sum expected to more than double by 2030
(3). If the disease burden was measured using disability-
adjusted life-years (DALYs), depression accounted for 10%
of all DALYs in individuals aged 15 to 44 years in 1995. Fur-

thermore, this figure is expected to rise to 15% by the year
2020, rendering depression second in terms of worldwide
diseases burden, with only ischemic heart disease more
widespread (4).

Due to the fact that depression increases not only the
rate of vascular morbidity but also the mortality rate as-
sociated therein, we can view depression as one of the
risk factors for vascular disease. Community-based studies
have shown that there is an association between depres-
sion and heightened rates of cardiovascular disease mor-
tality in adults and the elderly. Depression is also an in-
dependent risk factor for heart failure and death after my-
ocardial infarction (5). An early treatment of depression
may stop this pathological process. On the other hand, de-
pression may be triggered by a vascular disease. The preva-
lence of depression-related symptoms during a post stroke
time period of 3- to 6-months lies between 29% and 36%. Af-
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ter the initial stroke,20% of patients exhibit symptoms of
depression more than 2 years (6).

Examination of the retinal vessels, in addition to brain
imaging techniques, could indicate the vessel condition of
the brain. The main vessel of the eye is the artery of the
central retina, which is a branch of the ophthalmic artery,
with the ophthalmic artery itself being a branch of the in-
ternal carotid artery. This artery of the central retina trav-
els inferior to the optic nerve within its dural sheath di-
rectly to the eyeball and branches out along the retina’s in-
ternal surface. These terminal branches are the sole supply
of blood to the larger part of the retina. As vertebrate em-
bryos develop, the retina and optic nerve are outgrowths
of the brain, thus making the retina part of the central ner-
vous system (CNS). It is in fact brain tissue and the only non-
surgically observable part of the CNS (7). In addition, the
examination of retinal vessels is relatively easy, available,
quick and cheap, and applicable in living subjects (8).

2. Objectives

The aim of this article was to review the literature rel-
evant for microvascular abnormalities in depression in or-
der to facilitate further research in this field of psychiatry.

3. Evidence Acquisition

Firstly, the PubMed computer database was searched
on the 28th of October, 2015 using the following key words
“microvascular and depression”. Next, the content of rel-
evant articles was summarized. Regarding the inclusion
criteria, we preferred publications related to humans com-
pared to studies on research animals, and articles covering
living subjects to postmortem studies. We used original
research articles as well as reviews. Exclusion criteria in-
cluded animal studies, postmortem studies unrelated to
microvascular abnormalities and articles discovered only
by accident, unrelated to the topic of our review. Because
our manuscript is only a simple review including a broad
spectrum of studies with different research methods, we
did not apply statistical analysis of our results.

4. Results

4.1. Postmortem Studies

Santos et al. (2009) investigated 41 post-stroke pa-
tients, who underwent autopsy, after excluding patients
with neurological disease such as Alzheimer’s disease or
Parkinson’s disease. Among 20 post-stroke depression

(PSD) cases, 7 were untreated and 8 were treated with Se-
lective Serotonin Re-uptake Inhibitor (SSRI) or Tricyclic An-
tidepressants (TCA). In 5 PSD cases, data on antidepressant
treatment were incomplete for the entire post-stroke sur-
vival period. Postmortem tissues were examined investi-
gated for signs of macroscopic vascular lesions, for exam-
ple cerebral infarction, lacunes, and cerebral hemorrhage.
The results showed that small vascular lesions were asso-
ciated with PSD’s occurrence. This was the case for thala-
mic and basal ganglia lacunes bilaterally. It was also true
for deep white matter lacunes located in the right hemi-
sphere, which were found to occur significantly more of-
ten in PSD cases. The combined lacune score (thalamic plus
basal ganglia plus deep white matter) accounted for 25% of
the variability in terms of the occurrence of PSD (9).

Santos et al. (2010) undertook an in-depth post-
mortem analysis of small macrovascular and microvas-
cular pathology in the brains of 38 patients aged 65 to
89 (16 men and 22 women) with late-onset major de-
pression(LOD) and 29 (age- and gender-matched) controls
without depression. The analysis showed that the occur-
rence of LOD was not associated with the presence of mi-
crovascular ischemic lesions nor with the existence of la-
cunes (10).

Ballard et al. (2000) investigated 30 participants suf-
fering from cerebrovascular disease and significant cogni-
tive impairment (VaD), with special focus given to patients
with small infarct volumes (less than 15 mL). The study in-
cluded postmortem histological analysis. Thirty patients
with VaD had a mean volume of infarction of 24.4 mL. The
results showed that patients with VaD were significantly
more likely to have major depression (27 vs 5%; OR 6.4; 95%
CI 1.2 - 32.8) than control patients with Alzheimer’s disease.
Within the VaD patients, depression was associated with an
infarction volume of < 15 mL and areas of microinfarction
(11).

Thomas et al. (2001) investigated postmortem tissues
to ascertain whether depression developing late in life cor-
related with atheromatous changes in vessels (medium
and large) and cerebral microvascular disease. Post-
mortem tissue was collected from 20 patients who had
had a history of one or more episodes of major depres-
sion as based on the diagnostic and statistical manual of
mental disorders, 4th Edition (DSM-IV) major depression
and 20 control subjects. A significant increase in athero-
matous disease was present in the group with depression
(P = 0.023). However, there were no differences observed
for microvascular disease, neither in the brain generally
or in the frontal lobes specifically. The authors suggested
that screening for atheromatous disease should be avail-
able for those with depression later in life, the reason being
twofold: firstly, the disease functions as a factor adding to
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the depression itself; secondly, the condition predisposes
depression sufferers to other vascular disorders (12).

Sinka et al. (2012) studied and analyzed the post-
mortem morphological parameters of capillaries in the
area of the anterior cingulate cortex (ACC), which could
affect brain perfusion in schizophrenia (N = 8), sporadic
bipolar disorder (N = 10), sporadic major depression (N =
8), and age and gender matched control cases (N = 7). The
results showed that the mean capillary diameter signifi-
cantly decreased in bipolar and unipolar depression cases
whereas schizophrenia patients showed similar results to
the controls (13).

4.2. Neuroimaging

Hajjar et al. (2011) investigated the association between
hypertension, white matter hyperintensities and concur-
rent impairments in mobility, cognition and mood of 4700
adults aged 65 years and older. The authors discovered
that there were concurrent impairments present in 498
(11%) of the subjects, and in 3086 (66%) all three measures
were found intact. Hypertensive individuals were more
likely to be impaired at baseline (OR 1.23; 95% CI 1.04 - 1.42;
P = 0.01) and become impaired during the follow-up (HR
= 1.3; 95% CI 1.02 - 1.66; P = 0.037). There was an associa-
tion between impairments in three domains (P = 0.007)
and a greater degree of white matter hyperintensities, thus
mediating the association with hypertension. The authors
concluded that the risk of concurrent impaired mobility,
cognition, and mood increase with the presence of hyper-
tension, with microvascular brain injury partly mediating
this association (14).

Wolfson et al. (2013) measured brain white matter hy-
perintensities (WMH), blood pressure, mobility, cognition
and depression (center for epidemiologic studies depres-
sion scale) of 67 participants aged 75 to 89 during 4 years.
The results showed that WMH increased from 0.99% of in-
tracranial cavity volume at baseline to 1.74% on average,
after 4 years. Regression analyses showed that three of
five mobility measures, two of four cognitive measures, as
well as depression itself, were associated with the baseline
WMH and 4-year WMH (P = 0.005) (15).

Patankar et al. (2007) hypothesized that virchow-robin
spaces (VRS) dilatation may be a predictor of antidepres-
sant monotherapy resistance in elderly patients suffer-
ing from depression. Virchow-Robin Spaces are spaces in
cerebrospinal fluid and are associated with microangiopa-
thy of small cerebral vessels. Fifty sufferers of Late onset
(age over 60 years) major depressive disorder (29 respon-
ders to monotherapy, 21 nonresponders to monotherapy)
and 35 normal volunteers were recruited. The authors as-
sessed deep white matter lesions (WML) and periventricu-
lar hyperintensities (PVH) using the Scheltens rating scale

score. The results showed that in the monotherapy resis-
tant group there was a trend for greater WML Scheltens
scores compared to responders and control subjects. It was
only when the basal ganglia VRS score was used that a sta-
tistically significant difference appear (P < 0.05). The basal
ganglia VRS score accounted for 38% of the variance of non-
response in the multiple regression model, and the Schel-
tens PVH score produced the additional 6% of the variance
(16).

4.3. Myocardial Imaging

Vaccarino et al. (2009) used positron emission tomog-
raphy to find the association between major depression
and coronary flow reserve for 289 male middle-aged twins,
including 106 twins (53 twin pairs) discordant for a life-
time history of major depressive disorder (MDD) (25 dizy-
gotic and 28 monozygotic), and 183 control twins pairs free
of MDD (76 dizygotic and 107 monozygotic). The results
showed that no difference was found between twins with
and without MDD in terms of myocardial ischemia. Among
the dizygotic twin pairs who were discordant for MDD, the
coronary flow reserve (CFR) was 14% lower in MDD twins
than in their non-MDD brothers (2.36 vs 2.74; P = 0.03), and
also significantly lower than in the control twins. Those
pairs, who were monozygotic discordant, lacked this as-
sociation. The results yield important new information
which points at microvascular disease as one of the key
component of the shared pathway between MDD and coro-
nary heart disease (17).

4.4. Retinal Imaging

Cheung et al. (2009) investigated 10364 Caucasian and
African Americans aged 48 to 73 years to establish a pos-
sible association between microvascular changes in the
retina with vital exhaustion (including depressive symp-
toms). Vital exhaustion was modestly associated when
retinopathy was present (OR 1.27; 95% CI 1.01 - 1.59), particu-
larly retinal hemorrhages and generalized retinal venular
widening (18).

Jensen et al. (2009) investigated retinal photographs
with retinal microvascular signs and psychosocial risk fac-
tors of 6814 adults aged 45 to 84 years. The authors dis-
covered that subjects who did not appear to have access
to emotional support (enriched social support instrument
score) had a 60% greater chance of retinopathy than sub-
jects with this support (OR 1.6; 95% CI 1.3 - 2.0). Subjects ex-
hibiting high scores on the Spielberger trait anxiety scale
and subjects with high depressive symptoms (center for
epidemiologic studies depression) were more likely to suf-
fer from retinopathy (OR 1.4; 95% CI 1.1 - 1.9; and OR 1.5; 95%
CI 1.2 - 1.9, respectively). In this cross-sectional study, the
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absence of emotional support, increased trait anxiety, and
more depressive symptoms were associated with signs of
retinopathy, independently of the other known risk factors
(19).

Ikram et al. (2010) tested whether small retinal arterio-
lar or larger venular calibers were associated with inciden-
tal late-life depression. With a total number of 3605 partic-
ipants, those with incidental depression symptoms, found
during follow up visits and monitoring, were identified.
After a mean follow up of 9 years, 555 patients (15.4%) de-
veloped late-life depression. There was no correlation be-
tween retinal vascular calibers and incidental late life de-
pression, neither in small arteriolar or larger venular cal-
ibers (20).

Sun et al. (2007) performed a large population-based
cohort study in order to examine the association between
the manifestations of depression and microvascular ab-
normalities of retina like retinopathy, arteriovenous nick-
ing, generalized arteriolar narrowing in the retina, focal ar-
teriolar narrowing and generalized retinal venular dilata-
tion in 2420 subjects. Data provided from digital retinal
photographs, as well as the short-item centers for epidemi-
ologic studies depression scale (CES-D), were analyzed. In
conclusion, no association was found between retinal mi-
crovascular abnormalities and symptoms of depression
(21).

Kim et al. (2011) performed an assessment of retinal mi-
crovascular signs and functional loss of 1744 participants
(mean age 78) free of stroke. The results showed that reti-
nal signs (generalized arteriolar narrowing) had correla-
tions with depressive mood. The authors suggested that
retinal signs might represent microvascular damage due
to various vascular insults including hypertension, inflam-
mation, smoking, and diabetes (22).

Li et al. (2013) measured symptoms of antenatal de-
pression, anxiety, and sleep quality as well as retinal vas-
cular caliber of 952 Asian pregnant females aged 18 to 46
years. They applied retinal photography and assessments
of the edinburgh postnatal depression scale (EPDS), state-
trait anxiety inventory (STAI), and pittsburg sleeping qual-
ity index (PSQI). In multiple linear regression models, each
standard deviation (SD) increase in the Edinburgh postna-
tal depression scale and the pittsburgh sleep quality in-
dex was significantly linked to an 0.80 µm (P = 0.03) and
1.22 µm (P = 0.01) expansion of the retinal arteriolar cal-
iber, respectively. The authors concluded that study reveals
the link between antenatal depressive symptoms and poor
sleep and the widening of the retinal arteriolar in pregnant
females (23).

Meier et al. (2014) conducted a research on the link
between retinal vessel damage, anxiety and depression in
young adults and adolescents. The tests have been con-

ducted on 865 participants during years 2000 to 2013.
They included the somatic and psychological health report
(SPHERE) questionnaire, which contains subscale scores
related to depression, anxiety and overall mental health.
For the measurement of retinal vessel caliber, stereoscopic
optic disk-centered photographs were taken. The results
were presented as central retinal arteriolar equivalent
(CRAE) and central retinal venular equivalent (CRVE). The
results showed that symptoms of depression and anxiety
showed a positive association with a wider retinal arteri-
olar caliber (P = 0.016), even after adjusting for other car-
diovascular risk factors (P = 0.025), but not with CRVE. This
shows that pathological microvascular mechanisms asso-
ciated with depression/anxiety may be operative from a
young age (24).

Nguyen et al. (2010) conducted a clinical study to ex-
amine whether retinal vascular luminal size was an indi-
cator of microvascular disease and depression in patients
with type 2 diabetes. The study participants were people
with type 2 diabetes as well as with major depression (n =
43), with type 2 diabetes without depression (n = 49), and
subjects without diabetes or depression (n = 54). The par-
ticipants with type 2 diabetes and depression had a big-
ger retinal vascular lumen compared with those without
depression and healthy controls (P = 0.002 for arteriolar
and P = 0.02 for venular caliber). This supports the sug-
gestion that early microvascular disease in diabetes type 2
may contribute to depression (25).

Nguyen et al. (2008) evaluated the correlation between
microvascular disease and depression through a cross-
sectional study performed on patients with diabetes mel-
litus type 2. For this reason, a sample of 99 participants
was recruited, of whom 38 healthy, neither diabetic nor
mood-affected participants represented the control group,
27 were diabetic patients without mood disorders, and 34
were type 2 diabetes patients with major depression. Dig-
ital retinal photographs were used as a means to measure
changes in retinal vessels’ caliber, which is considered to
have a primary role, early in the process of microvascu-
lar compromise. The group of diabetic patients with de-
pression was associated with the largest mean retinal cal-
iber measurement; the value of retinal caliber of diabetics
without depression stood in between that of the other two
groups, while the healthy, control group demonstrated
the smallest retinal caliber measurement, respectively (P =
0.008 for arteriolar and P = 0.03 for venular caliber). How-
ever, an opposite trend was evident when the measure-
ments were further adjusted for additional vascular risk
factors. According to the authors, the increasing size of
retinal caliber is mainly attributable to poor management
of diabetes, insufficient glycemic control, inferior physical
functioning, and poor compliance to diet and physical ex-
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ercise regimens (26).

4.5. Inflammatory Markers

Tchalla et al. (2015) measured Interleukin-6 (IL-6), sol-
uble Intercellular Adhesion Molecule-1 (sICAM-1), circulat-
ing vascular cell adhesion molecule-1 (sVCAM-1) and C-
reactive protein (CRP) levels in plasma of 680 community-
dwelling individuals, aged 65 years and older. Cell adhe-
sion molecules are important biomarkers in those inflam-
matory processes which involve activation or damage to
the endothelium and cells such as platelets. The authors
also assessed magnetic resonance imaging (MRI) volumes
of cerebral white matter hyperintensities (WMH) in a sub-
set of 25 participants. Depressive symptoms were evalu-
ated using the revised center for epidemiological studies
depression scale (CES-D scale) (CESD-R; scores of < 16 indi-
cates no or minimal depressive symptoms and ≥ 16 indi-
cates the presence of moderate or severe symptoms). The
results showed that 179 (27%) subjects had a CESD-R score
≥ 16. The mean sVCAM-1 concentration of 1176 ng/mL was
found in the group with CESD-R Scores <16 and 1239 ng/mL
in those with CESD-R Scores ≥ 16 (P = 0.036). The CESD-
R score indicated a positive association with sVCAM-1 (r =
0.11; P = 0.004). In a subset of subjects, sVCAM-1 concen-
tration showed a positive correlation with cerebral WMH
volume (P = 0.018). The mean IL-6 plasma level was sig-
nificantly higher in those with depressive symptoms (P
= 0.046). The authors concluded that increased plasma
levels of pro-inflammatory mediators might function as a
biomarker for the presence of cerebral microvascular dis-
ease in elderly individuals with symptoms of depression
who live in a community (27).

Gorska-Ciebiada et al. (2015) studied the serum levels
of C-reactive protein, Interleukin-6 (IL-6) and tumor necro-
sis factor (TNF-α) in 276 elderly diabetic patients. Among
them were 57 patients with depressive syndrome only, 25
patients with depression and a mild cognitive impairment
(MCI), 62 patients with MCI only, and 132 diabetic controls
with no depression or MCI. To assess depressive mood, the
long version of the geriatric depression scale (GDS-30) was
applied. In order to evaluate cognitive impairment, the
Montreal Cognitive Assessment (MoCA) was used. In all
groups of patients (depression, MCI or both), CRP, IL-6 and
TNF-α levels were significantly higher as compared to con-
trols (P < 0.001). The group with depressive mood and
coexisting MCI displayed the highest level of inflamma-
tory markers. Correlations were found among all the in-
flammatory markers in the group with patients exhibit-
ing depressive mood only and in the group of subjects dis-
playing depressive symptoms and coexisting MCI. There
was a positive correlation in the GDS-30 score with levels
of all inflammatory markers in the group with depressive

mood without MCI, and with levels of CRP and TNF-α in the
group with depressive mood and coexisting MCI. The au-
thors showed that the presence of depressive syndrome is
linked to higher levels of inflammatory markers in elderly
patients suffering from diabetes. The presence of MCI in
these depressed subjects has an additive effect on inflam-
matory mediator levels (28).

5. Discussion

Most of the studies support the suggestion that mi-
crovascular abnormality is associated with depression,
whilst other works contradict this idea. It seems plausible
that microvascular abnormality is only relevant in some
subtypes of depression, for example, depression due to
a general medical condition like atherosclerosis, myocar-
dial ischemia, hypertension, diabetes mellitus or inflam-
mation, late-life depression, or pharmacoresistant depres-
sion. For details and references, see Table 1.

Authors of several review articles tried to depict bi-
ological mechanisms by which microvascular abnormal-
ity is interconnected with depression (Figure 1). Camus
et al. (2004) overviewed 37 articles. Among other ge-
netic findings, a preliminary study revealed that the sero-
tonin transporterl-linked polymorphism (5-HTTLPR) could
increase the risk of geriatric depression. Literary, data sug-
gest that the dual implication for serotonin in both depres-
sion and thrombogenesis supports the view that seroton-
inmediated platelet activation serves as a plausible patho-
physiological process linking depression and vascular dis-
eases. Apart from this, the allelic combination of two genes
linked with an increase in the risk of myocardial infarction
(angiotensin I converting enzyme and G-protein beta 3 sub-
unit) was shown to heighten the vulnerability to depres-
sive disorder (5). Camus et al. suggested three general po-
tential pathways of association of vascular diseases and de-
pression: 1. Direct influence of arteriosclerosis on the inci-
dence of depression; 2. Direct impact of depression on the
cardiovascular system; 3. Either a shared common patho-
physiological process or genetic background between de-
pression and vascular disease.

According to Santos et al. (2009; 2012), depression
may be induced either by the interrupting biogenic amine
pathways through ischemic lesions in the brain, or the
negative effect of proinflammatory cytokines released as
a response to acute cerebral ischemia. There is also a pos-
itive relationship between the presence of the ApoE ε4
allele and an increase in the risk of late-life depression.
There exist three main etiopathogenetic pathways which
have been implicated in both cardiovascular pathologies
and latelife depression: hyperhomocysteinemia, endothe-
lial dysfunction and inflammation. The authors also state
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Table 1. A General Overview of the Applied Studies

Type of Studies Authors and Year

Studies supporting the idea that microvascular abnormality is associated
with depression

Ballard et al., 2000; Sinka et al., 2012; Nguyen et al., 2010; Hajjar et al., 2011; Kim et
al., 2011; Li et al., 2013; Wolfson et al., 2013; Meier et al., 2014; Tchalla et al., 2015

Studies contradicting the idea that microvascular abnormality is
associated with depression

Thomas et al., 2001; Santos et al., 2010; Sun et al., 2007; Nguyen et al., 2008

Studies suggesting that microvascular abnormality is only relevant in
some subtypes of depression, for example, depression due to a general
medical condition like atherosclerosis, myocardial ischemia,
hypertension, diabetes mellitus or inflammation

Thomas et al., 2001; Santos et al., 2009; Vaccarino et al., 2009; Nguyen et al., 2010;
Hajjar et al., 2011; Kim et al., 2011; Santos et al., 2012; Wolfson et al., 2013; Tchalla et
al., 2015; Gorska-Ciebiada et al., 2015

Studies assuming that microvascular abnormality is only relevant in
late-life depression

Ballard et al., 2000; Thomas et al., 2001; Patankar et al., 2007; Santos et al., 2009;
Hajjar et al., 2011; Kim et al., 2011; Sinka et al., 2012; Wolfson et al., 2013; Tchalla et al.,
2015; Gorska-Ciebiada et al., 2015

Study presuming that microvascular abnormality is only significant in
pharmacoresistant depression

Patankar et al., 2007
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Figure 1. Biological Mechanisms of Depression With Microvascular Abnormalities

that a vascular stress-induced decrease in the neurogene-
sis of the hippocampal dentate gyrus may bring on depres-
sive episodes(9, 29). Disturbed adult neurogenesis, possi-
bly leading to a malfunctioning hippocampus, may add to
the cognitive deficits and reduced hippocampal volumes
seen in depressed patients.

Several avenues for further research into microvascu-
lar pathology in clinical depression, which may also in-
clude the assessment of retinal vessels, are possible:

- Whole-genome association studies identifying the
genes responsible for microvascular changes, depression
and their overlap, including their epigenetic status in var-
ious ethnic groups

- A more intense evaluation of the role of inflammation
biomarkers in the development of depression

- More precise identification of depression subtypes in
which microvascular abnormality is significant

- Exploration of unipolar, bipolar and adjustment de-
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pression separately as of a possible microvascular pathol-
ogy

- Research aimed at finding specific brain loci in which
microvascular disorders may trigger depression

- Looking for psychosocial variables important in the
development of the microvascular subtype of depression

- Gene-Environment Wide Interaction Studies (GEWIS)
in which multiple gene vs gene, gene vs environment and
environment vs environment interactions are evaluated si-
multaneously, taking the statistical problem of multiple
comparisons into account

- Longitudinal studies in depressed patients focused on
their microvascular pathology and a possible relationship
to the clinical state

- Psychiatric and ophthalmological examination of off-
spring of the patients with depression and microvascular
pathology

- Psychopharmacological studies of antidepressants
and other medications (e.g. anti-inflammatory drugs) ef-
ficient in the treatment of depression accompanied by mi-
crovascular abnormality

From the clinical point of view, it seems to be rea-
sonable to actively search for physical illnesses, which
contribute to depression associated with a microvascular
pathology, (e.g. hypertension, diabetes, and inflamma-
tion) in depressed patients, and to treat them sufficiently.

6. Conclusion

Most studies support the idea that at least some sub-
types of depression are associated with microvascular ab-
normality. Further research should be aimed at identifying
the genetic background of depression accompanied by mi-
crovascular changes, searching for other biological mech-
anisms common in depression and microvascular pathol-
ogy, longitudinal studies of this subcategory of depressed
patients, and possible pharmacotherapy overcoming the
usual non-responsiveness. Last but not least, an active
detection and aggressive treatment of physical diseases
like hypertension or diabetes associated with microvascu-
lar pathology and depression is warranted (Corriere et al.,
2013; Khavandi et al., 2013) (30, 31).
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