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Abstract

Background: Past neuropsychological studies on depression have documented exccutive dysfunction and it has been reported that
some dysfunction persists even after depressive symptoms disappear. Studies have shown a correlation between cerebrovascular
lesions and executive dysfunction in depression among the clderly. The aim of the present study was to focus on executive
functions in remitted major depressive disorder (MDD) patients, and to investigate whether remitted young and elderly patients
show different pattemns of executive dysfunction, and to ascertain the relationships with vascular lesions.

Methods: Subjects were 79 inpatients with MDD and 85 healthy controls. Each subject received Wisconsin Card Sorting Test
(WCST), Stroop test, and Verbal Fluency Test (VFT) in a remitted state. Both the MDD and control groups were divided into
young and elderly groups, and the performances between 4 groups were compared.

Results: For Stroop test, the scores of the MDD group were significantly lower than controls. In addition, as for VFT, the scores for
the elderly MDD group were significantly lower than the other groups. Multiple regression analysis showed that VFT scores were
affected by the presence of vascular lesions.

Conclusions: The results of the present study demonstrated that executive dysfunction remained even in a remitted state in MDD
patients, but the patterns of impairment were different between young and elderly patients. The results also suggested that vascular
lesions affect executive dysfunction, particularly in elderly depressive patients.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

It is well known that patients with major depressive
disorder (MDD) present with cognitive deficits, in
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and elderly MDD patients while on depressive episodes,
and reported that selective and sustained attention
exhibited no age and depression interaction whereas the
elderly depressed patients alone demonstrated the slowed
psychomotor speed and impaired performance on tasks
requiring set sifting, problem solving and initiating novel
responses, Recent studies have also documented that
executive dysfunction may at least in part remain
unresolved even after remission of depressive episodes
(Trichard et al., 1995; Paradiso et al., 1997; Reischies and
Neu, 2000; Neu et al., 2001; Biringer et al., 2005;
Paclecke-Habermann et al., 2005).

Neural bases for residual executive dysfunction in
remitted MDD patients are not well understood. One
plausible account is existence of deep white matter
vascular changes, which have reportedly been associated
with exccutive dysfunction in elderly patients with MDD
(Boone et al.,, 1992; Lesser et al., 1996; Aizenstein et al.,
2002). White matter changes are more prevalent and
severe in depressed elderly patients than in age-matched
controls, and mainly occur in subcortical regions and
their frontal white-matter projections (Coffey et al., 1990;
Krishnan, 1993; Greenwald et al., 1996; Krishnan et al.,
1997; Tupler et al., 2002; Taylor et al., 2003).

Although reports regarding executive dysfunction in
remitted state of depression are increasing, few studies
have investigated the possibly dissociable patterns
between young and elderly patients. The aim of the
present study was to explore differences in executive
dysfunctions between young and elderly MDD patients
in a remitted state and elucidate how cerebrovascular
changes may affect these functions.

2. Subjects and methods
2.1. Subjects

Seventy-nine depressive inpatients (38 males and 41
females; mean age, 52.4 years; age range, 25-78 years)
were recruited from Juntendo Koshigaya Hospital. All
the patients previously met the Diagnostic and Statistical
Manual for Mental Disorders, 4th edition (DSM-IV)
criteria for MDD. Thirty-cight patients experienced a
single episode, 32 patients experienced recurrent epi-
sodes. For remaining nine patients it was unable to
determine the number of episodes. At the time of the
study, however, the patients were considered in remis-
sion, which was confirmed by the fact that they no longer
met the DSM-IV criteria for MDD. In addition, their
Hamilton Rating Scale for Depression (HAM-D) scored
below 7 points (Hamilton, 1960). Patients were excluded
if they had a history of other psychiatric disorders
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including delusions, severe or acute medical illnesses,
neurological disorders, or use of drugs that may cause
depression. All the patients were on antidepressant
medication at the time of the study (Table 1).

Detailed demographic and clinical features of the
participants are shown in Table 1. Presumed IQ was
computed using the Japanese Adult Reading Test (JART)
(Matsuoka et al., 2006). The patients were examined
using the brain computed tomography (CT) to assess low
density areas indicaling white matter cerebrovascular
changes. The brain CT of each patient was read by two
reading specialists independently of and blindly to the
results of the neuropsychological tests. Patients with large
organic changes that may directly affect psychiatric
features were excluded. The CT data were assessed using
the Fazekas criteria by Krishnan et al. (1997). These
criteria introduced a modified Fazekas classification
system (Greenwald et al, 1996), which provided a
rough assessment of the extent of subcortical gray matter,
deep white matter, and periventricular changes on brain
CT. Patients were classified as having vascular lesions if
a score of = 2 on either deep white matter low densities or
subcortical gray matter ratings was obtained. Based on
this criterion, 7% of young and 54% of elderly patients
were classified as having vascular lesions.

Eighty-five healthy control participants (15 males and
70 females) matched for age and education were also
recruited. All the controls were recruited from the employ-
ees of Genkikai Yokohama Hospital. Based on recent
studies having reported individuals > 60 years as geriatric
subjects (Lockwood et al., 2002; Murphy et al., 2006), we
divided both the MDD patients and controls into two age
groups (young, <60 years and elderly, = 60 years) and the
neuropsychological performances were compared between
the four groups. Presumed IQ was higher in the young
MDD patients as compared to young controls (p<0.05).
There were more females in the young controls than in the
young MDD group (p<0.001). Subjects who had clinical
evidence of dementia or whose Mini-Mental State
Examination (MMSE) score< 24 were excluded. Twelve
MDD patients and 19 healthy subjects had hypertension.

The study was approved by the Medical Ethics
Committee of Juntendo University, and was performed
in accordance with the regulations outlined by Juntendo
University. All the participants signed an informed
consent form.

2.2. Executive function tests
Three executive function tests were given to each

participant; the Wisconsin Card Sorting Test (WCST),
Stroop and Verbal Fluency Test (VFT). For the WCST,
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Table 1
Demographic of the subjects

Young (=60 years) Elderly (=60)

Control (N=60) MDD (N=55) Control (N=25) MDD (N=24)

Mean (SD) Mean (5D) Mean (SD) Mean (SD)
Age (years) 44.0(11.4) 45.1 (8.3) 66.6 (4.5) 68.9 (4.5)
Sex (M/F) 12/48 3223 22 6/18
Education (years) 13.2(3.0) 14.2 (2.0) 12.1 (29) 11.5(2.8)
Presumption 1Q 101.2 (11.6) 105.5 (10.6) 95.7(13.1) 97.3 (13.0)
On-set age (years) 40.5 (8.6) 63.0 (10.6)
Number of depressive episodes 1.8(1.2) 2.1(1.6)
Total duration of depressive phase (months) 258 (38.2) 43.0 (120.0y
Total duration of medication (months) 27.65 (42.1) 47.7(116.4)
Vascular lesions 4(7%) 13(54%)

two indices of Categories Achieved (CA) and Perse-
verative Errors (PE) were selected as measures. The PE
were useful for documenting problems in forming
concepts, profiting from correction, and conceptual
flexibility (Lezak et al., 2004). A computerized version
of the test was used in the present study. We used
modified Japanese version of Golden’s (1978) ‘Stroop
Color and Word Test’. In the Stroop test Part I, the
participant read aloud color words printed in ink of
different colors (congruent condition). Part I1 required
the participant to name the incongruent printed color of
the color words (incongruent condition). Time differ-
ence between Part I and I (Part 11-Part I) was evaluated
(Golden, 1978). This difference has been attributed to a
response conflict and to a failure of response inhibition
(Lezak et al,, 2004). For the VFT, we used the Japanese
characters “a,” “ka,” and “sa” as prompts, and the score
was the sum of all acceptable words produced within
three one-minute trials. Successful performance in this
test depends in part on the participant’s ability to
“organize output in terms of clusters of meaningfully
related words™ (Lezak et al, 2004). Fluency tests
requiring word generation according to an initial letter
provide subjects with the greatest scope for secking a

strategy to guide the search for words (Estes, 1974;
Lezak et al., 2004).

2.3, Data analysis

Statistical analysis was performed using 2 (diagnosis;
MDD vs. controls)x2 (age group; young vs. elderly)
analysis of variance (ANOVA) at a significance level of
p<0.05. Performances on each executive function test
between MDD and controls were compared using two-
tailed unpaired Student’s t-test for post hoc analysis
within each age group. Bonferroni correction was
applied, and 0.25% level of significance was adopted.

Multiple regression analysis was conducted using
neuropsychological test scores as dependent variables
and age, gender, education level, and vascular lesions as
independent variables. Statistical procedures were
performed using Japanese version of SPSS vi5.1
(SPSS Japan Inc. Tokyo, Japan).

3. Results

The means and standard deviations of the executive
function tests are presented in Table 2, along with the

Table 2
Results of the four groups on the neuropsychological tests
Young (<60) Elderly (= 60) Main effect of age  Main effect of Interaction
Control (N=60) MDD (N=55) Control (N=25) MDD (N=24) Vigmona SenEcn
age > diagnosis
Mean (SD) Mean (SD)  Mean (SD) Mean (SD)  F(1,160) p F(1,160) p F(1,160) p
WCST
CA 33(2.0) 34(2.1) 1.96 (1.5) 20(1.9) 14,84 <0.001 0.08 0.782 0.27 0.869
PE 5.6 (5.0) 6.0 (6.0) 9.6 (5.0) 79(4.7) 8.95 0.003 043 0.515 1.20 0275
Stroop test  55.2 (20.6) 78.5(36.9)°*  82.6 (31.0) 1222 (77.8)* 2673 <0.001 20.9% <0.001 141 0.236
VFT 321 (89) 32,7 (10.0) 29.8 (12.9) 222(9.2)* 1424 <0.001 419 0.042 573 0018

Two-tailed paired Student's -test for post hoc analysis within each age group. *p<0.025, **p<0.001,
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Table 3
Results of multiple regression analysis

WCST Stroop test VFT

CA PE

B P B P B P B P
Age 0.27 0.129 0.05 0.780 0.54 0.001 -0.17 0.225
Sex 0.13 0347 -0.21 0.153 0.1 0.370 0.09 0.398
Education 0.18 0.229 -0.15 0.335 ~0.05 0.735 034 0.005
Vascular lesions 0.04 0.845 -0.02 0.923 -0.14 0.324 -0.33 0.015

main effects of age and diagnosis, and the interaction
between the two. For both CA and PE on the WCST,
two-way ANOVA revealed a significant main effect for
age, but not for diagnosis. The age * diagnosis interac-
tion was not significant.

For the Stroop test, the main effects of both age and
diagnosis were significant, indicating that MDD patients
performed poorer than controls, irrespective of age.
However, agexdiagnosis interaction was not signifi-
cant. Post hoc analysis confirmed that both young
(<0.001) and elderly (p=0.024) patients with MDD
showed poorer performance in the Stroop test as
compared to their age-matched counterpart.

For the VFT, significant main effects of age and
diagnosis were obtained. In addition, an interaction
between age and diagnosis reached significant level,
suggesting that the elderly MDD group alone performed
more poorly than the other three groups. This was
confirmed by the post-hoc analysis which indicated that
only elderly depressives performed poorer than elderly
controls.

Multiple regression analysis showed that age had a
significant effect on the Stroop test, while education
level and the presence of vascular lesions had a
significant effect on VFT scores (Table 3).

4. Discussion

Lockwood et al. (2002) investigated executive
dysfunction in young and elderly MDD patients in
depressed phase, and found that only elderly, but not
young patients in current depression present with
difficulty in set shifting as indexed by PE in the
WCST. In contrast, Biringer et al. (2005) reported that
the performance on the WCST of recovered patients
with MDD were comparable to healthy controls. Our
present results are in according with Biringer et al.
(2005) study in that the two indices of the WCST were
not affected by the previous episodes of depression.
Although we did not directly compare WCST perfor-
mance of MDD patients in depressed and remitted

states, by combining previous findings and ours, one
may speculate that deficient set shifting of clderly
patients observed during depressive state resolves as
depressed symptoms improve, One may further spec-
ulate that within the subdivisions of the prefrontal cortex
(PFC), dorsolateral PFC activity which is most sensi-
tively indexed by WCST set shifting abilities is
recoverable after remission.

In the present study, performances on the Stroop test
were affected both by age and diagnosis. For both young
and elderly groups, remitted MDD patients performed
more poorly than age-matched controls. The results were
consistent with previous findings suggesting residual
impaired performance on Stroop even after remission of
MDD (Trichard et al, 1995; Paradiso et al, 1997;
Paelecke-Habermann et al., 2005). Recent functional
neuroimaging studies have suggested that the PFC and the
anterior cingulate cortex (ACC) are particularly impaired
in MDD patients (Bench et al., 1992; Tto et al., 1996;
Mayberg, 1997; Mayberg et al., 1997; Davidson et al,,
2002). In addition, studies documented that dysfunctions
of PFC, ACC and amygdala may remain even in a
remitted state, suggesting pathological influence within
fronto-subcortical networks persist in remission (Drevets,
2000; Harrison, 2002; Holthoff et al., 2004). Within such
functional abnormalities of amygdala-ACC-PFC projec-
tion, we consider that dysfunction of the ACC is most
crucial in pathogenesis of MDD and reasonably persists in
remitted stage (Ishizaki et al., 2008). Recent fMRI study
using Stroop task paradigm demonstrated inefficiency of
ACC and dorsolateral PFC in MDD (Wagner et al., 2006).
Our findings, together with those of Paelecke-Habermann
et al. (2005), are in line with such fMRI experiment
suggesting residual pathophysiological dysfunction of the
ACC in remitted MDD, which is most sensitively indexed
by poor Stroop performance.

Concerning the VFT, we found a different pattem;
i.e., performances of only elderly, but not young patients
with MDD were impaired even in remitted state. Such
dissociable findings between young and elderly patients
with remitted depression were observed by Trichard
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et al. (1995). Their MDD patients with an average age of
47.0 years, which approximated that of our young patients
(45.2 years), showed severe impairment in the VFT on
admission. However, such impairment in the VFT
resolved to a comparable level to healthy controls at
discharge. In addition, our study suggests that VFT scores
were influenced by vascular lesions independent of age,
gender, and education level. These vascular lesions
associated with executive dysfunction are more prevalent
and severe in depressed elderly individuals than age-
matched controls, and mainly occur in subcortical regions
and their frontal white-matter projections.
Neuropsychological and functional neuroimaging
studies have documented that VFT is tightly linked
with the left PFC, including Broca’s and adjacent areas,
together with the premotor cortex and insula (Tucha et al.,
1999; Baldo et al., 2001). In addition, PET and fMRI
studies have suggested that not only the left, but also the
right frontal lobe, may play a crucial role in voluntary
speech intention and/or attentional resources. Intercon-
nected areas such as these are implicated in organizing a
functional language network subserving word output
(Perani et al., 2003). In the present study, VFT scores
were found to be poor only for elderly depressives, and
these poor results correlated to the presence of white
matter lesions. This suggests that the vascular lesions
associated with elderly depression may lead to impair-
ment of the language-related frontal lobe functions.

5. Limitations

There are several limitations in the present study.
First, the patients were treated with one or two different
antidepressants, which may possibly have exerted
deleterious effects on cognition. Executive dysfunction
in our patients may have been influenced by an adverse
effect of anticholinergic medication. Accordingly, drug-
free euthymic patients should be investigated in future
research.

Second, in the present study, necuroimaging informa-
tion was obtained using brain CT only for MDD
patients. In addition, CT images were assessed using
rating scales, not with more quantified method. When
compared to MRI, the detection rate of white-matter
lesions is lower for CT, and in reality, more patients may
have had vascular lesions in the present study than were
detected. Additional research is warranted in order to
investigate the relationship between executive dysfunc-
tion and the degree of white matter changes using MRI,
with more quantified measurement. Also, direct com-
parison of vascular lesions between MDD patients and
controls are warranted.
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6. Conclusion

In MDD patients, executive dysfunction persisted
even when in a remitted state; however, impairment
patterns differed between young and elderly MDD. And
the results suggest that vascular lesions affect executive
dysfunction, particularly in elderly depressive.
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