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Abstract

Objective: To examine the relation between depressive symptoms and specific cognitive functions in patients with a recent stroke and to
examine associations with lesion characteristics.

Methods: We studied 126 of 183 consecutive patients within 3 weeks after a first-ever symptomatic stroke (mean interval, 8.3+4.3 days).
Presence and severity of depressive symptoms was assessed with the Montgomery Asberg Depression Rating Scale. Neuropsychological
functioning was examined by means of a detailed neuropsychological examination covering six cognitive domains. We included a healthy
control group (N=75) to obtain normative data for the neuropsychological examination. Functional impairment was measured with the
modified Barthel Index and the modified Rankin Scale. Symptomatic and preexistent lesion characteristics were determined on CT or MRI.
Results: Of the included patients, 40% demonstrated mild and 12% moderate to severe depressive symptoms. Severity of depressive
symptoms was related to lesion volume (p=0.008), functional impairment (all p<0.004), and degree of overall cognitive impairment
(p=0.005). After adjustment for lesion size, a specific neuropsychological profile emerged in patients with moderate to severe depressive
symptoms, affecting primarily memory, visual perception, and language (all p<0.05). No association was found between severity of
depressive symptoms and lesion location, presence of preexistent lesions (white matter lesions and silent infarcts), and demographic factors
(age, education, and gender).

Conclusions: Moderate or severe symptoms of depression in the early stage poststroke are associated with a specific pattern of cognitive
impairment, lesion size, and functional status. We suggest that depressive symptoms early after stroke are, at least in part, a reactive
phenomenon secondary to severe cognitive and functional deficits.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction outcome [4,6,7], and rehabilitation [1,8], several studies

have tried to identify patients who are most at risk for

In the first weeks following stroke, the reported
prevalence of depression varies from 9% to 37% [1-5].
Given this high prevalence and the negative impact of
poststroke depression (PSD) on case fatality [1], functional
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developing depression in the early phase after stroke. One of
the most debated questions regarding PSD concerns the role
of lesion location. Acute depression has been associated
with left anterior lesions or lesions in the underlying basal
ganglia [2,4,5,9,10], but more recent studies were unable to
replicate these results [3,11-13]. Lesion size has been
associated with early PSD in a single study [2] but not in
others [4,10]. Vascular risk factors [14,15], white matter
lesions [16—18], and silent infarcts [19] have been related to
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depression in elderly people without a history of stroke, but
studies of early depression in stroke patients have not
considered these factors.

In contrast, the association between depression and
global cognitive deterioration has been extensively demon-
strated in stroke patients [5,20-22]. However, information
about specific neuropsychological correlates is lacking. To
date, only one study has reported a specific association
between poor verbal abilities and depression in the first
weeks poststroke [3]. Conceivably, other cognitive impair-
ments could also be detected with a more detailed neuro-
psychological examination.

The aim of the present study was to characterize the
neuropsychological profile of patients with depressive
symptoms in the early phase of stroke and to examine the
relation with characteristics of the acute brain lesion and the
presence of older ischaemic lesions.

2. Methods
2.1. Subjects

2.1.1. Patients

The study population consisted of 183 consecutive
patients with first-ever symptomatic stroke admitted to
stroke units of three hospitals in The Netherlands
(University Medical Centre Utrecht, Tweesteden Hospital
Tilburg, and St. Elisabeth Hospital Tilburg) between
February 2002 and January 2003. Only patients with
ischaemic stroke or primary intracerebral haemorrhage
were included. Diagnosis of stroke was based on both the
presence of acute neurological symptoms and a compat-
ible lesion on CT or MRI scans. Patients with a normal
scan underwent a second scan within the first-weeks
poststroke. Patients without evidence of a visible infarct
or haemorrhage on the second scan, including those with
a transient ischaemic attack, were excluded (N=15). In
order to minimize the influence of preexistent impair-
ments on cognitive performance, we excluded patients
with previous depression (N=4), history of alcoholism or
drug abuse (N=3), preexistent dependence in activities of
daily living (ADL; N=2), preexistent cognitive decline [as
defined by a score of 3.6 or higher on the short
Informant Questionnaire on cognitive decline in the
elderly (IQCODE) Dutch version] [23] (N=5), and
patients older than 85 years (N=2). Inasmuch as we
were interested in symptoms of depression in the early
phase after stroke, we included only patients who could
be examined within 21 days of poststroke. This procedure
resulted in the exclusion of patients with severe dis-
turbances in consciousness (N=12) and patients unable to
communicate because of global aphasia (N=10) lasting
longer than 21 days. Four patients refused participation.
This resulted in a population of 126 first-ever sympto-
matic stroke patients.

2.1.2. Controls

A healthy control group was studied (N=87) to obtain
normative data for the neuropsychological examination. The
control group was closely matched to the patient group with
respect to age, gender, and education. The controls were
either spouses or family of patients or volunteers who came
to our attention through advertising in newspapers or by
word of mouth. Control subjects with signs of depression
[either Montgomery Asberg Depression Rating Scale
(MADRS)>38 or a history of depression (N=5)], preexistent
cognitive decline [as defined by a score of 3.6 or higher on
the short Informant Questionnaire on cognitive decline in
the elderly (IQCODE) Dutch version]| [23] (N=3), or a
history of neurological illnesses (N=4) were excluded from
this study. This resulted in a population of 75 healthy
controls.

The Ethics Committee of each participating hospital
approved the study protocol. Written informed consent was
obtained from each subject.

2.2. Methods

Presence and severity of depressive symptoms was rated
by means of the Montgomery Asberg Depression Rating
Scale (MADRS) [24]. This observer-rated scale is a 10-item
scale ranging from 0—60 and puts little emphasis on somatic
symptoms. Therefore, it has often been used in elderly
patients and patients with stroke [25-28].

All patients received a detailed neuropsychological
examination covering the six major cognitive domains.
Each domain was composed of at least two neuropsycho-
logical tasks resulting in the following test battery [29]: (1)
reasoning [Raven Advanced Progressive Matrices (short
form) and Similarities (WAIS-III)], (2) memory (Rey
Auditory Verbal Learning Test and Rey—Osterrieth Complex
Figure-Delay), (3) executive functioning [Brixton Spatial
Anticipation Test [30], Visual Elevator [31] (Test of
Everyday Attention), and letter fluency], (4) visuopercep-
tion [Judgement of Line Orientation (short form), Test of
Facial Recognition (short form), Rey—Osterrieth Complex
Figure-Copy], (5) attention [Digit Span (WAIS-III), Corsi
Block span, Star Cancellation (Behavioural Inattention
Test)], (6) language [Token test (short form) and Boston
Naming Test (short form)]. We used the number of impaired
cognitive domains (0-6) to represent overall cognitive
performance.

Functional status was evaluated with the modified
Barthel Index [32]. This is a commonly used basic ADL
checklist ranging from 0 (completely dependent) to 20
(completely independent). Handicap was rated with the
modified Rankin Scale [33] ranging from 0 (no symptoms)
to 5 (severe disability). Both functional measurements were
performed on the same day as the neuropsychological
examination.

Lesion characteristics were determined from CT (N=65)
or MRI (N=61) by an experienced stroke neurologist
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(HBvdW) who was blind for the clinical data. Lesions were
classified by territory of arterial blood supply (classified as
anterior, middle, posterior, vertebral, or basilar artery) and
involvement of supra- (left, right, and bilateral) or infra-
tentorial (brain stem or cerebellum) areas. Supratentorial
stroke lesions were further dichotomised into (1) purely
subcortical and (2) combined cortical and subcortical
lesions. Moreover, involvement of the caudate nucleus,
internal capsule, basal ganglia, and thalamus was rated as
absent or present. Silent infarcts were classified as present
when an infarct was found in the brain without the
description by the patient, family, or medical record of a
prior stroke event. The extent of white matter lesions was
classified as follows: 0—no white matter lesions, 1—minor
white matter lesions, 2—moderate white matter lesions, 3—
confluent white matter lesions [34]. Lesion volume was
calculated with Leica Q500 MCP image analysis software
by manual tracing of the lesion on each slice showing the
infarct or haemorrhage. This method has been shown to
have a high interrater reliability and is described in detail
elsewhere [35].

2.3. Statistical analyses

Patients were classified into three categories based on the
level of depressive symptoms (absent, mild, and moderate to
severe) according to standardized cutoff scores on the
MADRS [36]. Between-group comparisons were made by
using chi-square analyses for nominal data, Kruskall-Wallis
H tests for ordinal data and univariate analyses of variance
(ANOVA) for continuous data. Post hoc Scheffé comparison
tests were undertaken for further analysis of significant
ANOVAs.

Patients’ neuropsychological test results were stand-
ardized into z scores based on the means and standard
deviations (S.D.) of the control group. It should be noted
here that no difference emerged between spouses or family
of patients and the community volunteers in our control
sample with respect to cognitive function. Performance was
categorized as cognitive impairment if z scores of patients
fell below —1.5 [31]. Domain scores were calculated by
averaging z scores of tasks contributing to the specific
domains and compared between patient groups. All tests
were two-tailed, with results considered significant at
p<0.05.

3. Results

Of the patients included, 48% had no depressive
symptoms (MADRS<S), 40% had mild depressive symp-
toms (MADRS 8-19), and 12% had moderate to severe
depressive symptoms (MADRS>19). Patients’ demographic
and functional characteristics are presented in Table 1. The
three groups did not differ with respect to age, education,
gender, or days between stroke onset and the examination.

Table 1
Patients’ characteristics classified by severity of depressive symptoms
Overall  Depressive symptoms
N=126  Absent  Mild Mod./sev. P
(N=60) (N=51) (N=15)
Age
Mean (S.D.) 62.3 61.9 62.0 65.1 0.70*
(13.3) (12.5) 14.7) (11.9)
Education®
Median (range) 4.0 4.0 4.0 4.0 0.47¢

(1-=7 1-=7) 1-=7 (2-6)
Male gender
% 46.8 48.3 49.0 333 0.54¢
Interval between
stroke and
examination
(days)
Mean (S.D.) 8.3 7.8 8.7 8.9 0.46"
(4.3) 4.4) (4.6) 2.7)
Modified Barthel
Index
Median (range) 17.0 18.0 18.0 9.0 0.003¢
(2-20) (5-20) (2-20) (2-18)
Modified Rankin
Scale
Median (range) 3.0 3.0 2.0 4.0 0.004¢
(1-5) a1-4) (1-5) (2-5)
S.D.—standard deviation, Mod./sev.—moderate to severe.
? By univariate ANOVA.
® Education level is scored using seven categories. 1—not finished
primary school, 7—university degree [37].
¢ By Kruskall-Wallis test.
d By y2 test.

Patients with moderate to severe depressive symptoms were
more physically dependent and had a more severe handicap
than patients with no or mild depressive symptoms. During
their hospital stay, 10 of 126 (8%) patients received
antidepressant medication. Three of these patients demon-
strated no depressive symptoms on the MADRS, five
patients showed mild symptoms, and three patients showed
moderate to severe symptoms.

Lesion characteristics were similar in patients inves-
tigated by CT or MRI. Therefore, further analysis was
carried out on the group as a whole. Table 2 shows an
overview of lesion characteristics for the entire group and
for each of the three categories of depressive symptoms. A
large main effect of lesion volume on severity of depressive
symptoms was found between groups [F(2,124)=5.062,
p=0.008]. Post hoc Scheffé analysis revealed that patients
with moderate to severe depressive symptoms had a larger
lesion volume than patients with no depressive symptoms
(p=0.008) or patients with mild depressive symptoms
(p=0.05). No association could be demonstrated between
severity of depressive symptoms and lesion location,
territory of arterial blood supply, presence of silent
infarct(s), and extent of white matter lesions. No differences
between groups were found in involvement of subcortical
structures (Table 3).
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Table 2
Lesion characteristics classified by severity of depressive symptoms
Overall Depressive symptoms
N=126 % None Mild Mod./sev.
N=60 % N=51 % N=51 %
Type of stroke
Infarct 111/126 88.1% 55/60 91.7% 42/51 82.4% 14/15 93.3%
Haemorrhage 15/126 11.9% 5/60 8.3% 9/51 17.6% /15 6.7%
Lesion location
Supratentorial
Left 53/126 42.1% 28/60 46.7% 19/51 37.3% 6/15 40.0%
Right 50/126 39.7% 17/60 28.3% 26/51 51.0% 7/15 46.7%
Bilateral 4/126 3.2% 3/60 5.0% 1/51 2.0% 0/15 0.0%
Infratentorial
Brain stem 9/126 7.1% 6/60 10.0% 3/51 5.9% 0/15 0.0%
Cerebellum 10/126 7.9% 6/60 10.0% 2/51 3.9% 2/15 13.3%
Supratentorial lesions
Cortical/subcortical 49/107 45.8% 18/48 37.5% 22/46 47.8% 9/13 69.2%
Subcortical 58/107 30.8% 30/48 62.5% 24/46 52.2% 4/13 30.8%
Territory of arterial supply
Anterior c.a. 3/126 2.4% 1/60 1.7% 1/51 2.0% 1/15 6.7%
Middle c.a. 77/126 61.1% 38/60 63.3% 29/51 65.9% 10/15 66.7%
Posterior c.a. 26/126 20.6% 8/60 13.3% 16/51 31.4% 2/15 13.3%
Vertebral a. 11/126 8.7% 7/60 11.7% 2/51 3.9% 2/15 13.3%
Basilar a. 9/126 7.1% 6/60 10.0% 3/51 5.9% 0/15 0.0%
Lesion volume, cm®
Mean+S.D.* 16.5+27.3 11.6+24.7 16.7+27.5 35.8429.7
Silent infarction 25/126 19.8% 16/60 26.7% 8/51 15.7% /15 6.7%
Leukoaraiosis
Absent 96/126 76.2% 43/60 71.7% 40/51 78.4% 13/15 86.7%
Mild 17/126 13.5% 11/60 18.3% 4/51 7.8% 2/15 13.3%
Moderate 10/126 7.9% 4/60 6.7% 6/51 11.8% 0/15 0.0%
Confluents 3/126 2.4% 2/60 3.3% 1/51 2.0% 0/15 0.0%

Values are frequencies (within-group percentages). Mod./sev.—moderate to severe; c.a.—cerebral artery; S.D.—standard deviation.

* p<0.01.

A significant relationship was found between the severity
of depressive symptoms and overall cognitive function, that
is, patients with moderate to severe depressive symptoms
demonstrated three times more cognitive impairments than
patients with no or mild depressive symptoms [72(2)=10.4,
p=0.005]. Subsequently, we assessed whether differences in
neuropsychological profiles could be demonstrated between
groups. An ANCOVA was performed to correct for the
difference in lesion size between groups. Fig. 1 shows mean
cognitive domain scores for each group. Between-group
differences were found in memory [F(2,122)=4.08,
p=0.019], visuoperception [ F(2,122)=4.64, p=0.012], and
language [ F(2,122)=3.26, p=0.042]. Further analyses indi-

Table 3

cated that patients with moderate or severe depressive
symptoms performed significantly worse than the other
patient groups (p<0.05). Patients with mild depressive
symptoms showed the same performance as patients without
depressive symptoms on all cognitive domains (all p>0.05).

4. Discussion

In the present study, we have demonstrated for the first
time that stroke patients with early depressive symptoms
show a specific neuropsychological profile, which is in
contrast with earlier reports of a global cognitive

Involvement of subcortical structures classified by severity of depressive symptoms

Overall Depressive symptoms
None Mild Mod./sev.
N=60 % N=51 % N=15 %
Caudate nucleus 11/126 8.7% 4/60 6.7% 5/51 9.8% 2/15 13.3%
Basal ganglia 27/126 21.4% 10/60 16.7% 12/51 23.5% 5/15 33.3%
Thalamus 17/126 13.5% 7/60 11.7% 8/51 15.7% 2/15 13.3%
Internal capsule 34/126 27.0% 14/60 23.3% 15/51 29.4% 5/15 33.3%

Values are frequencies (within-group percentages). Mod./sev.=moderate to severe.
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depressive symptoms
O absent mild

W moderate to severe

mean z-scores

Fig. 1. Mean z scores in each cognitive domain across patient groups. Error
bars indicate standard errors.

deterioration [5,20,21,38]. Visuoperception, memory, and
language were particularly affected in patients with
moderate to severe depressive symptoms. Age, education,
nor gender could account for these findings as these
variables were not related to severity of depressive
symptoms. Moreover, this pattern emerged after adjust-
ment for the volume of the lesion. The most probable
explanation for the selective neuropsychological profile in
our patient sample is that aphasia, amnesia, and perceptual
distortions are immediately apparent and disabling to
patients in the early phase of stroke and that depressive
symptoms are secondary to these impairments. In contrast,
impairments in executive functioning, reasoning, and
attention span are less noticeable in a structured environ-
ment, like the stroke unit. Alternatively, depression might
evolve simultaneously with cognitive impairment follow-
ing acute stroke. However, given the diverse nature of the
cognitive impairments associated with depression severity
in our study and the lack of a relationship with lesion
location, this explanation seems less likely.

It has recently been suggested that the time elapsed
since stroke onset is very important in distinguishing
between directly related (biological) and reactive (psycho-
logical) forms of PSD [2]. Several studies have reported
an association between depression and lesion character-
istics in the very early phase poststroke, thus supporting
the concept of biological depression [2,4,5,9,10]. More
recent studies were not able to replicate these findings
[3,11-13], for which reason some argue that PSD is
always reactive in nature, independent of the interval
since stroke onset [12,39,40]. This view is corroborated
by a recent study demonstrating that depressive symptom
profiles of patients with PSD in both acute and more
chronic stages showed a psychological ‘reactive’ pattern,
whereas depressed patients without a history of stroke
demonstrated more biologically determined symptoms
[12].

The present study sheds new light on this ongoing
controversy. Neither lesion side nor lesion location was

related to severity of depressive symptoms in the early
phase of stroke. Furthermore, no association could be
demonstrated with involvement of subcortical structures in
the brain. The volume of the lesion was the only lesion
characteristic associated with the severity of depressive
symptoms in the first weeks poststroke. The neuro-
psychological profile found in the present study is
different from what is usually reported in depressed
patients without a history of stroke. Major depression in
these patients typically results in impairments in concen-
tration, memory encoding, psychomotor speed, and
executive functioning [41,42], whereas our patients
showed disproportionately poor language capacities,
long-term memory failure, and perceptual distortions. This
dissimilar pattern suggests that the underlying mechanisms
of cognitive disorders in PSD and major (not stroke
related) depression are different. Furthermore, in patients
with major depression without a history of stroke,
depression has been associated with white matter lesions
[16-18], silent infarcts [19], and cardiovascular risk
factors [14,15]. In contrast, our study shows that neither
silent infarcts nor white matter lesions contribute to
depressive symptoms in the early phase poststroke.
Similarly, another study found that the extent of white
matter lesions was unrelated to depression at more chronic
stages of poststroke [43]. Altogether, these findings imply
that depressive symptoms occurring in the early phase
poststroke are, at least in part, a reactive manifestation to
sudden and severe cognitive and functional impairment
rather than a direct result of damage to specific brain
regions.

Our study has the following strengths. First, this study
has included a substantial number of patients, and it is
among the few that examined patients in the very early
phase poststroke. Second, instead of using a global
cognitive screening instrument such as the Mini-Mental
State Examination [44] or the R-CAMCOG [45], we
examined patients with a detailed neuropsychological
examination, which allowed evaluation of specific cogni-
tive performance. Third, we chose to assess severity of
depressive symptoms with the MADRS, an observer-rated
measure that is easy to use in clinical practice, whereas a
formal psychiatric assessment might not be feasible in
some patients with cognitive or aphasic disturbances.
Moreover, the MADRS has often been used in stroke
patients [25-28] and puts little emphasis on somatic
symptoms. This is important because some of the
symptoms that are used to diagnose depression such as
fatigue, pain, or sleeping disorders can be the direct result
of the stroke itself [40]. Given that these somatic
symptoms are common in the first weeks of stroke, we
avoided categorizing patients by means of standard self-
rating questionnaires or standard criteria.

Several limitations of our study should also be
addressed. First, in order to maximize comparability
between CT and MRI, simple methods for rating white
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matter lesions and silent infarcts were used. These methods
are less detailed than volumetric methods. Moreover, given
that the extent of subcortical but not periventricular white
matter lesions has been related to depression in patients
without a history of stroke [18], the location of white
matter changes and silent infarcts might still be important
in stroke patients. Second, in order to study neuropsycho-
logical correlates of early depressive symptoms and the
relation with lesion characteristics, we excluded patients
with preexistent cognitive dysfunction or depression.
Presumably, these patients show more white matter lesions
and silent infarcts than our patient population. Third,
inasmuch as we were interested in the acute phase
poststroke, patients with global aphasia and with severe
disturbances of consciousness could not be included in this
study.

In conclusion, the present study is the first to examine
the relation between severity of depressive symptoms and
detailed neuropsychological functioning in the very early
phase after stroke. The presence of severe depressive
symptoms in this early stage is associated with specific
cognitive impairment, large lesion size, and poor func-
tional status. These findings might contribute to the early
identification of patients at risk for developing depres-
sion. We suggest that early depressive symptoms in
stroke patients are, at least in part, a reactive phenom-
enon secondary to severe cognitive and functional
deficits.
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