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Frontal hyperintensities on HF with depression

Late-life depression, heart failure and
frontal white matter hyperintensity:
a structural magnetic resonance
imaging study
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Abstract

The relevance of the relationship between cardiac disease and depres-
sive symptoms is well established. White matter hyperintensity, a
bright signal area in the brain on T2-weighted magnetic resonance
imaging scans, has been separately associated with cardiovascular risk
factors, cardiac disease and late-life depression. However, no study
has directly investigated the association between heart failure, major
depressive symptoms and the presence of hyperintensities. Using a
visual assessment scale, we have investigated the frequency and
severity of white matter hyperintensities identified by magnetic reso-
nance imaging in eight patients with late-life depression and heart
failure, ten patients with heart failure without depression, and fourteen
healthy elderly volunteers. Since the frontal lobe has been the pro-
posed site for the preferential location of white matter hyperintensities
in patients with late-life depression, we focused our investigation
specifically on this brain region. Although there were no significant
group differences in white matter hyperintensities in the frontal re-
gion, a significant direct correlation emerged between the severity of
frontal periventricular white matter hyperintensity and scores on the
Hamilton scale for depression in the group with heart failure and
depression (P = 0.016, controlled for the confounding influence of
age). There were no significant findings in any other areas of the brain.
This pattern of results adds support to a relationship between cardio-
vascular risk factors and depressive symptoms, and provides prelimi-
nary evidence that the presence of white matter hyperintensities
specifically in frontal regions may contribute to the severity of depres-
sive symptoms in cardiac disease.
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Recently, the association between car-
diovascular problems and major depression
in elderly patients has been a subject of
considerable interest. Approximately 20%
of individuals with heart failure (HF), acute
myocardial infarction or recent cardiac cath-
eterization also present significant depres-
sive symptoms (1). HF is among the condi-
tions associated with the largest number of
inpatient admissions and public health costs.
The presence of depressive symptoms in HF
subjects predicts longer duration of in-hos-
pital stays and higher frequency of outpa-
tient medical visits after discharge compared
to HF without concomitant depression (2).

The neurobiological mechanisms under-
lying the association between depressive
symptoms and cardiac disease have not been
clarified, but there are hypotheses that vas-
cular abnormalities could play a significant
role (1-4). One of the research areas that may
help to clarify this issue is the investigation
of white matter hyperintensities (WMH) in
the brain. These areas of bright signal, best
seen on T2-weighted magnetic resonance
imaging (MRI) scans of the brain, are com-
monly associated with advanced age (1,4).
There have also been reports of increased
frequency of WMH in the general popula-
tion in association with cardiovascular risk
factors and cardiovascular disease (4-7).
Furthermore, there have been data indicat-
ing a higher incidence of WMH in samples
of patients with major depressive symptoms
emerging late in life. These findings have
provided support to the concept of a “vascu-
lar” type of depression specifically referring
to a subgroup of late-life depressive epi-
sodes with distinct clinical features and a
poor outcome (8,9).

In subjects with late-onset depression,
there is evidence that WMH are predomi-
nantly located in brain regions seen as criti-
cal for the regulation of mood, particularly
frontostriatal circuits (3,4). These data are
consistent with findings of frontal lobe im-
pairment in biochemical (10), anatomical

(11) and histological (9) investigations in the
brains of patient with a history of depressive
disorders (3,12).

Although WMH have been independent-
ly associated with the presence of cardiovas-
cular disease and the emergence of depres-
sion in elderly subjects, no study has demon-
strated to date the existence of a relationship
between HF, major depression and WMH.
In the present study, we investigated the
presence of WMH in a group of HF subjects
with co-morbid major depressive disorder, a
group of non-depressive HF subjects, and a
control group of healthy elderly volunteers
in order to test the hypothesis that WMH in
frontal regions may be associated with the
presence of depressive symptoms in HF pa-
tients. This hypothesis was tested in two
ways: by comparing the frequency and se-
verity of WMH between the three groups,
and by investigating the presence of signifi-
cant correlations between the degree of WMH
in frontal regions and the severity of depres-
sive symptoms in the group of patients with
HF and major depression.

Local Ethics Committees approved the
study and written informed consent was ob-
tained from all subjects. Eighteen patients
with HF functional class II (N = 12) or III (N
= 6) according to the New York Heart Asso-
ciation (FCNYHA) were recruited from the
outpatient cardio-geriatric unit of the Insti-
tuto do Coração, Faculdade de Medicina,
Universidade de São Paulo (InCor). The pres-
ence of HF was determined by detailed car-
diological evaluation, including echocardio-
graphic evidence of left ventricle ejection
fraction below 50%. All patients presented
chronic symptoms of HF and had been stable
on an optimized medication regimen for at
least one year prior to the study. According
to the diagnostic criteria of the Diagnostic
and Statistical Manual of Mental Disorders,
4th edn. (DSM-IV), this sample of subjects
with HF was then divided into a group of 10
non-depressed HF patients (FCNYHA-II = 7
and FCNYHA-III = 3) and a group of 8
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depressed HF subjects (FCNYHA-II = 5 and
FCNYHA-III = 3). The diagnosis of major
depressive disorder was based on the Struc-
tured Clinical Interview for DSM-IV (13).
The mean age of the subjects at the onset of
the current major depressive episode was
75.62 years (SD = 7.35), and the mean dura-
tion of the depressive episode was 7.62
months (SD = 5.44). Exclusion criteria for
the two HF groups were: 1) presence of other
medical conditions including neurological
disorders, delirium and dementia; 2) use of
any psychoactive medication in the last
month; 3) history of myocardial infarction or
cardiac surgery in the last 3 months; 4) diag-
nosis by DSM-IV criteria of major depres-
sive disorder that had started before the diag-
nosis of HF, or the presence of psychotic
symptoms (hallucinations and/or delusions);
5) diagnosis of other major psychiatric dis-
orders; 6) family history of major depression
or dementia; 7) presence of structural MRI
findings compatible with brain stroke or other
gross brain lesions or malformations.

A comparison group of 14 healthy eld-
erly volunteers was recruited from the com-

munity; they had no symptoms suggestive of
physical, neurological or psychiatric disorders
based on general medical questioning, physi-
cal and neurological examination and a Struc-
tured Clinical Interview for DSM-IV (13).

The demographic and clinical data for
the three groups are given in Table 1. The
groups were matched for age and years of
education; however, they differed signifi-
cantly in gender distribution (Table 1). As
expected, there were significant differences
between the overall HF sample and the
healthy control group regarding left ven-
tricle ejection fraction (F = 132.76, P <
0.001), and the presence of arterial hyper-
tension (χ2 = 10.71, P = 0.005). There were
no significant differences between the two
HF groups regarding the cause of HF, the
presence of arterial hypertension, or their
FCNYHA (Table 1). Finally, a significant
difference was observed between depressed
HF patients and the two other groups in
terms of the severity of depressive symp-
toms, as assessed quantitatively using the
31-item Hamilton scale (14). In the group of
HF patients with major depression, all sub-

Table 1. Demographic and clinical variables     of depressed and non-depressed subjects with heart failure and
control subjects.

Control (N = 14) HFnD (N = 10) HFD (N = 8) P

Age (SD) 73.4 (5.2) 74.2 (5) 75.6 (7.3) 0.694*a

Gender
Male (%) 4 (28.6) 8 (80) 3 (37.5) 0.037+a

Female (%) 10 (71.4) 2 (20) 5 (62.5)
Mean number of years of education (SD) 5.7 (2.9) 5.9 (2) 5.1 (3.2) 0.829§a

Diabetes (%) 6 (42.9) 2 (20.0) 1 (12.5) 0.247+b

Hypertension (%) 6 (42.9) 10 (100) 7 (87.5) 0.005+c

Etiology of HF
Idiopathic (%) - 5 (50) 4 (50) 1
Ischemic (%) - 5 (50) 4 (50)

Mean %LVEF (SD) 73.5 (4.6) 41.4 (6.6) 36 (7.3) <0.001*b

FCNYHA-II (%) - 7 (70) 5 (62.5) 0.737+d

FCNYHA-III (%) - 3 (30) 3 (37.5)
Mean Hamilton scores 2.9 (0.8) 6.7 (3.2) 25.9 (6) <0.001§b

SD = standard deviation; HFnD = heart failure with no depression; HFD = heart failure with depression; HF =
heart failure; %LVEF = percentage of left ventricle ejection fraction; FCNYHA = functional class according to
the New York Heart Association criteria.
*Fa = 0.37; Fb = 132.76 (ANOVA). +χ2

a = 6.57; χ2
b = 2.8; χ2

c = 10.71; χ2
d = 0.11 (exact Fisher test). §Fa = 0.37;

Fb = 24.73 (Kruskal-Wallis test).
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jects had Hamilton scores higher than 18,
which are in the range of moderate to severe
depression.

MRI scans were acquired using a 1.5T
General Electric Signa LX CV scanner (Mil-
waukee, WI, USA). The presence of WMH
was assessed on transaxial T2-weighted im-
ages acquired with the “fast spin-echo” tech-
nique (slice thickness of 6 mm, interval be-
tween cuts of 0.6 mm, head office 256 x 256,
vision field 24 x 24 cm, echo train = 12,
repetition time = 4466 ms, and echo time =
98 ms). Images were evaluated by a neurora-
diologist with 14 years of research experi-
ence in brain MRI who was blind to the
diagnostic status of all subjects, using the
visual scale of Scheltens et al. (15). This
instrument systematically assesses the local-
ization, size and number of WMH in infra-
and supra-tentorial regions. Our radiologist
has been involved in studies using this scale
which demonstrated associations between
the presence of WMH and a diagnosis of
dementia (16). According to the criteria of
the Scheltens scale, scores of periventricular
regions range from 0 (absent) to 1 (hyperin-
tensities up to 5 mm) and 2 (from 6 to 10
mm); in other brain regions, scores range
from 0 (absent) to 1 (up to 3 mm and a
maximum of 5 lesions), 2 (6 or more lesions
up to 3 mm), 3 (up to 5 lesions of 4 to 10
mm), 5 (one lesion of more than 10 mm) and
6 (confluent lesions).

First we investigated WMH in the frontal
region according to our hypothesis using the
variables: frontal periventricular WMH (PV-
WMH) and frontal deep WMH (D-WMH).
Subsequently, we performed an exploratory
investigation regarding the presence of WMH
in the basal ganglia (caudate nucleus, puta-
men, globus pallidus, thalamus, and internal
capsule), as well as in temporal, parietal,
occipital, and cerebellar regions.

Using the SPSS software version 10
(SPSS Inc., Chicago, IL, USA), we used the
nonparametric Kruskal-Wallis test and the
Fisher exact test to compare all groups. Par-

tial correlation coefficients between scores
on the Hamilton and Scheltens scales in the
depressed HF group were also calculated tak-
ing age as the confounding variable. The level
of statistical significance was set at P < 0.05,
one- tailed.

There were no significant differences in
the frontal PV-WMH or frontal D-WMH
between the three groups, either when the
mean Scheltens scores were compared (F <
2.17, P > 0.34) or when the percentage of
subjects with each degree of severity was com-
pared between groups (χ2 < 8.35, P > 0.59).

In the depressed HF group, a significant
positive partial correlation, controlling for
age as a confounding variable, emerged be-
tween the severity of depressive symptoms
and WMH ratings in the frontal PV-WMH
(partial correlation coefficient = 0.79, P =
0.016 for both hemispheres; see Figure 1).
The correlations between depression scores
and frontal D-WMH were not statistically
significant (partial correlation coefficient =
0.51, P = 0.12 for both hemispheres).

There were no significant between-group
differences in WMH ratings in any of the
other brain regions that were investigated
exploratorily (F < 4.5, P > 0.10 for all re-
gions). Also, no partial correlations between
WMH ratings and Hamilton scores for de-

Figure 1. Distribution of scores on the Hamilton and
Scheltens scales for subjects with heart failure and
major depression for the frontal periventricular region.
The correlation between severity of symptoms of de-
pression and severity of scores on the Scheltens scale
was statistically significant in this region (partial corre-
lation coefficient = 0.79, P = 0.016, including age as a
confounding covariate). Scores on the Scheltens scales
were equal for both hemispheres.
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pression were obtained for these regions in
the depressed HF group (r < 0.6, P > 0.06 for
all regions).

Our finding of a significant correlation
between WMH and the severity of depres-
sive symptoms in depressed HF patients,
circumscribed to the frontal region, is com-
patible with the view that the emergence of
depressive symptoms in association with HF
may be related to vascular damage to white
matter tracts connecting brain sites relevant
to the regulation of mood (10). The fact that
our significant correlation was restricted to
PV-WMH is consistent with studies on the
general population that have related cardio-
vascular risk factors more consistently to
PV-WMH (10,17). On the other hand, other
studies of clinical samples have shown that
D-WMH may contribute more significantly
to the presence of depressive symptoms in
patients with stroke (6). Future studies with
larger samples are needed to better distin-
guish the influence of D-WMH or PV-WMH
on the severity of depressive symptoms in
HF and related disorders.

An investigation of a large group of sub-
jects with major depression has reported
differences in WMH ratings depending on
the presence of arterial hypertension, a highly
relevant cardiovascular risk factor, although
no mention was made of WMH ratings spe-
cifically in frontal regions (5). The fact that
between-group differences in WMH in our
study were not statistically significant may
have been related to the presence of arterial
hypertension in a fraction of the control
subjects, as well as to the small size of our
samples and the wide variability usually seen
for scores on the Scheltens scale (15). In
samples of HF subjects, the results of previ-
ous studies investigating WMH have been
relatively inconsistent, reporting findings of
either increases (7) or no differences (6) in
WMH ratings in comparison to healthy sub-
jects. However, those reports detected the
presence of HF only by anamnesis (5), or
using echocardiogram data in only some of

the patients (6). Moreover, previous studies
of WMH in HF patients have not reported
data regarding the frequency of concomitant
major depression. Our results suggest that
the inconsistent results could be related to
differences in the samples studied regarding
the inclusion of patients with severe major
depression.

Our results must be interpreted with cau-
tion, given the several limitations of the study.
The fact that the groups were not gender-
matched may have contributed to obscure
WMH differences, as there have been re-
ports of increased WMH incidence in males
in the general population (18). However, the
latter question is still under debate, and there
have been reports of no WMH differences
between sexes (18,19). On the other hand,
the association between WMH and advanc-
ing age is well established and this justified
our strategy of matching groups for age and
controlling the correlations between WMH
and depression severity for the confounding
influence of this demographic variable. Fi-
nally, the WMH was assessed by a single
investigator using a visual inspection method,
and this could cause difficulties in the repli-
cation of the results. Therefore, it is essential
to extend our findings using automated meth-
ods for WMH evaluation in more represen-
tative samples of HF subjects. Nevertheless,
it is interesting to mention that recent studies
of WMH in elderly subjects have reported
similar findings either with automated as-
sessment methods or the visual method of
Scheltens (20).

Our results provide preliminary evidence
that the presence of frontal PV-WMH may
be a contributing factor to the severity of
major depressive symptoms in HF subjects.
If confirmed in subsequent studies, these
findings may also provide further support to
the concept of “vascular depression”, as well
as stimulate studies aimed at developing
broader strategies for the treatment and pre-
vention of such vascular-related depressive
conditions.
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