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The authors aimed to investigate whether remit-
ted adult and elderly major depressive disorder
patients show different patterns of executive dys-
function. Executive functions of 20 euthymic
major depressive disorder patients and 29 healthy
comparison subjects were evaluated using the
Behavioral Assessment of the Dysexecutive Syn-
drome. Relative to adult patients and healthy
comparison subjects, euthymic elderly patients
were more impaired in the subtest of Modified
Six Elements. Since the regions most implicated
in this subtest are the medial prefrontal, the ante-
rior cingulate, and the dorsolateral prefrontal
areas, the authors conclude that dysfunctions of
such frontal neural networks remain unresolved
even in the remission phase of late-life depres-
sion.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2010; 22:70-74)
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Several studies have demonstrated that major de-
pressive disorder is associated with impairment in a
wide range of neuropsychological domains, including
verbal and nonverbal memory, selective and sustained
attention, processing speed, and executive function. Ex-
ecutive dysfunction may present with impairments in
cognitive flexibility, planning, sequential problem-solv-
ing, monitoring, and feedback.'™

Neuroimaging studies using single photon emission
tomography and positron emission tomography have
consistently demonstrated decreased regional glucose
metabolism and/or regional cerebral blood flow in
the dorsolateral prefrontal cortex, the anterior cingulate
cortex, the thalamus, the striatum, the basal ganglia,
and the hippocampus.® Conversely, increased glucose
metabolism and regional cerebral blood flow have been
observed in the ventrolateral and orbital prefrontal cor-
tex and in the amygdala.”® It is speculated that impair-
ment in widely distributed brain networks, including
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the prefrontal cortex, may cause executive dysfunction
in patients with major depressive disorder.®

Despite successful treatment, some recent studies
have documented that executive dysfunction remains
unresolved even after remission of depressive epi-
sodes.”' Results to date are mixed and inconsistent
regarding whether executive dysfunction in patients
with major depressive disorder resolves following re-
mission.

In addition to depressive episodes, the aging pro-
cess may also affect executive function. Lockwood et
al.* demonstrated that older depressed adults dem-
onstrated the poorest performance on tasks that re-
quired set shifting, problem solving, and the initia-
tion of novel responses. Furthermore, several recent
studies demonstrated that cognitive dysfunction in
elderly patients with major depressive disorder per-
sists after remission.''”'® Patients with late-life de-
pression may frequently show multiple small lacu-
nar/cerebrovascular lesions, suggesting that vascular
factors are associated with mood changes. Because
subcortical vascular lesions further deteriorate fron-
tal-subcortical connections, executive dysfunction ob-
served in depression is likely to be enhanced in el-
derly patients.

Although a number of researchers documented
cognitive dysfunction in major depressive disorder,
no studies have directly compared cognitive dysfunc-
tion in elderly and adult patients with major depres-
sive disorder after remission. The aim of our study
was to examine executive function in remitted major
depressive disorder patients by age, and to compare
elderly patients with younger patients directly to de-
termine whether patients with late-life depression
differ cognitively from adult patients during the re-
mission phase. We evaluated executive functions us-
ing the Behavioral Assessment of the Dysexecutive
Syndrome (BADS).'® The BADS is a test battery
aimed at predicting everyday problems that arise
from the “dysexecutive syndrome,” a term that is
used to refer to varied groups of deficits resulting
from diverse etiologies, different locations, and vari-
able extents of abnormalities.'”” The BADS is charac-
terized to assess an individual’s problem-solving
ability in various everyday situations, thereby pro-
viding a measure for assessing executive functions
with ecological validity. We hypothesized that major
depressive disorder patients would present with ex-
ecutive dysfunction even in the remission phase
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when compared with healthy comparison subjects. In
addition, we postulated that patients with late-life
depression are more impaired in executive function
compared with adult major depressive disorder pa-
tients.

METHODS

Subjects

Ten adult patients (20-59 years old) and 10 elderly
patients (=60 years old) with major depressive disorder
were recruited for participation through Shimodate
Hospital and Juntendo Koshigaya Hospital. Twelve
participants were inpatients (seven adult and five el-
derly), and eight participants were outpatients (three
adult and five elderly). Diagnoses were made based on
the DSM-1V, and all patients were in remission at the
time of testing. Depressive symptoms were evaluated
by experienced psychiatrists (HB, IN) using the 21-item
Hamilton Depression Rating Scale score, and remission
was defined as a score of 7 points or below. All patients
were treated with one or two antidepressants, including
paroxetine, fluvoxamine, milnacipran, and tricyclic an-
tidepressants. The mean dosages of drugs as imipra-
mine equivalents were not different between adult and
elderly patients (Table 1). Some patients were taking
benzodiazepine derivatives as well.

Patients were excluded if they had a history of other
psychiatric disorders including manic episodes, psy-
chotic features, epilepsy, and substance abuse; a history
of neurological disorders including head trauma, brain
tumor, and cerebrovascular disease; or a history of ECT.
In addition, we excluded those who presented with
clinical evidence of dementia or Mini-Mental State Ex-
amination (MMSE) score less than 24, and we excluded
those with severe physical illnesses in general including
myocardial infarction and diabetes mellitus. Adult and
elderly healthy comparison subjects were recruited
from the community. Those who had a history of psy-
chiatric and/or neurological disorders, including sub-
stance use, were excluded. All participants signed in-
formed consent statements.

Participants were grouped by diagnosis (depression
versus comparison) and current age (adult versus el-
derly). Each patient group was equated to a corre-
sponding comparison group for age, education, and
intelligence (Mann-Whitney U test, p>0.10). The demo-
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TABLE 1. Baseline Demographic and Clinical Characteristics of Depressive Patients and Healthy Comparison Subjects
Elderly
Elderly Depression Adult Depression Comparison Adult Comparison
n=10 (four men) n=10 (seven men) n=10 (six men) n=19 (five men)

Diagnostic Group Mean SD Mean SD Mean SD Mean SD
Age (years) 69.20 3.70 46.30 7.79 67.80 7.66 49.05 7.09
Estimated IQ 100.96 15.95 107.15 9.76 109.3 9.68 102.78 8.61
Education (years) 11.50 2.95 14.40 2.07 13.90 2.13 14.26 2.02
MMSE score 26.40 217 28.30 1.83 27.50 1.65 28.68 1.60
Age at onset (years) 63.00 8.92 39.67 9.31
Number of episodes 2.50 3.72 1.38 0.52
Score of HAM-D 1.86 2.48 2.83 1.60
Dosage of antidepressants 85.00 55.50 83.00 58.50

HAM-D=Hamilton Depression Rating Scale; MMSE=Mini-Mental State Examination; Elderly =60 years old; Adult=20-59 years old

graphic and clinical characteristics of the four groups
are summarized in Table 1.

lem solving. The Modified Six Elements test is believed
to test the ability to plan, organize, and monitor multi-
tasking behavior.

Measures
Neuropsychological assessment of the participants was
performed at either Shimodate Hospital or Juntendo
Koshigaya Hospital. Hospitalized major depressive dis-
order patients were examined on discharge after remis-
sion. Intelligence was recorded as estimated IQ, using
the Japanese National Adults Reading Test,'® which is
the functional equivalent of the widely used JART.
Executive functions were measured by BADS,'® the
total profile score of which was obtained from the sum-
mation of each of six subtests, as follows.
The Rule Shift Cards test is believed to reflect cogni-

Statistical Analysis

Although there were no statistically significant differ-
ences in education and estimated IQ between groups,
we thought that the results could be confounded by
their effects. Accordingly, 2 (age: adult versus elderly)
X 2 (diagnosis: depression versus comparison) analysis
of variance with covariance of education and estimated
IQ (ANCOVA) was used to compare the four groups.
The significance level was set at 0.05.

tive flexibility. The Action Program test examines the
ability to solve a close-ended, sequential problem. The
Key Search test examines the ability to solve an open-
ended problem. The Temporal Judgment test examines
the ability of cognitive estimation. The Zoo Map test
examines the ability to plan and use feedback in prob-

RESULTS

Means and standard deviations of the total and subtest
scores of the BADS for the two patient groups and two
comparison groups are shown in Table 2. The main
effects of age (adult versus elderly) and diagnosis (de-

TABLE 2. Results of the Four Groups on the Total Score and Each Subtest Score of the Behavioral Assessment of the Dysexecutive

Syndrome (BADS)

Interaction
Between
Elderly Adult Elderly Adult Main Effect of Main Effect Age and
Depression Depression Comparison Comparison Age of Diagnosis Diagnosis
Mean SD Mean SD Mean SD Mean SD F p F p F p
Total score 1290 238 18.10 345 1570 3.77 1853 237 13.66 <0.001 255 0.12 0.62 0.44
Subtest score
1. Rule Shift Cards 250 1.18 320 0.79 240 1.08 347 051 9.22  <0.005 0.002 096 1.48 0.23
2. Action Program 320 0.63 350 0.85 350 097 358 0.96 0.02 0.89 0.01 091 0.08 0.78
3. Key Search 2.00 1.05 250 1.35 200 1.25 274 110 2.70 0.11 0.16 0.67 0.01 0.94
4. Temporal Judgment 1.80 0.79 290 0.74 2.00 1.05 284 077 1540 <0.001 0.18 0.68 0.28 0.6
5. Zoo Map 140 097 240 1.18 260 1.17 279 118 5.65 <0.05 7.27 <0.05 1.62 0.21
6. Modified Six Elements 2.00 1.25 350 0.85 340 0.70 332 1.00 6.32 <0.05 3.87 <0.05 427 <0.05

72 http://neuro.psychiatryonline.org

J Neuropsychiatry Clin Neurosci 22:1, Winter 2010



pression versus comparison subjects), as well as the
interactions between age and diagnosis, are also shown
in Table 2. For the total score, the main effect of age was
found to be significant (F=13.66, df=1, 45, p<0.001),
indicating that elderly subjects (elderly depression pa-
tients and elderly comparison subjects) performed sig-
nificantly lower than adult subjects (adult depression
patients and adult comparison subjects). The main ef-
fects of diagnosis, as well as the interactions between
age and diagnosis, were not significant.

The following results were obtained for each subtest
of the BADS. For the Rule Shift Cards and the Temporal
Judgment tests, the main effect of age was significant,
but the main effect of diagnosis or the interaction be-
tween age and diagnosis was not. For the Action Pro-
gram and Key Search tests, none of the results reached
significance. For the Zoo Map test, the main effects of
age and diagnosis were significant, but the interaction
between age and diagnosis was not. This indicates that
elderly subjects performed more poorly than adult sub-
jects, and the major depressive disorder patients per-
formed more poorly than healthy comparison subjects.
Finally, for the Modified Six Elements test, both the
main effects of age and diagnosis were significant. In
addition, a statistically significant interaction between
age and diagnosis was obtained, suggesting that the
elderly depression group performed more poorly com-
pared with the other three groups.

DISCUSSION

The present study provided two major findings con-
cerning executive dysfunction in major depressive dis-
order, as indexed by BADS. For subtests 1 (Rule Shift
Cards) and 4 (Temporal Judgment), together with the
total score, the overall aging effect was remarkable,
whereas the diagnosis of depression per se did not seem
to impair executive functioning. These results suggest
that the abilities of cognitive flexibility and cognitive
estimation may decline due to aging. We must withhold
strong conclusions concerning negative results for a de-
pression diagnosis on the total score and subtests, as the
sample size is small.

On the other hand, for subtests 5 (Zoo Map) and 6
(Modified Six Elements), the effects of diagnosis as well
as aging were remarkable. Even in remission, major
depressive disorder patients preferentially showed
lower performance than healthy subjects in these two
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subtests of the BADS. Specifically, patients with late-life
depression in remission showed significantly lower
performance than both adult depression patients and
healthy comparison subjects in the Modified Six Ele-
ments subtest. Burgess et al.'” argued that multitasking
tests such as the Modified Six Elements subtest might
simulate a patient’s everyday situations involving plan-
ning and organization, thereby providing an index for
ecologically valid executive functioning. In their paper,
it was proposed that the following three cognitive com-
ponents work together to facilitate multitasking: retro-
spective memory, prospective memory, and planning.
Based on their focal brain-damaged patients’ perfor-
mances, Burgess et al.' suggested that the anterior cin-
gulate cortex plays a part in retrospective memory de-
mands, while Brodmann’s area 10 and the immediately
adjacent areas play a part in prospective memory com-
ponents and the dorsolateral prefrontal cortex in plan-
ning components. We speculate that residual inability
to plan, organize, and monitor multitasking behavior
may partially account for poorer social functioning of
patients with late-life depression even in the remitted
stage. The relation between residual executive dysfunc-
tion and social malfunctioning in late-life depression
should be addressed in future research.

Brain areas with decreased metabolism and/or per-
fusion in major depressive disorder have been reported
to involve the dorsolateral prefrontal cortex and ante-
rior cingulate cortex. In addition, such hypometabo-
lism/hypoperfusion is state-independent and may re-
main even during the remission phase.”’ Therefore, we
speculate that remitted patients with late-life depres-
sion may have some pathology in these brain areas. We
conclude that dysfunctions in frontal networks remain
unresolved even in the remission phase of late-life de-
pression. Such network dysfunctions may represent an
endophenotype of depression in elderly cohorts. Al-
though preliminary, the present study suggests that an
impact of late-life depression exacerbates executive
function even in the remitted stage.

There are several limitations in our study. First, pa-
tients were treated with antidepressants, which may
exert deleterious effects on cognition. Accordingly,
drug-free euthymic patients should be included in fu-
ture investigations. Second, we only assessed memory
with MMSE. It was possible for elderly subjects to show
memory impairment which could not be identified with
MMSE regardless of depression status, and such subtle
memory impairment may affect executive function. An-
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other limitation is that this study only concerns behav-
ioral measures and that neuroimaging information, in-
cluding MRI scans, was unavailable for some of the
patients. Additional research is warranted to investi-
gate the relationship between executive dysfunction
and specific functional brain lesions in major depressive
disorder.

CONCLUSION

We found that executive dysfunction remains even in
the remission phase of major depressive disorder. Al-
though overall executive function, as indexed by the
total score of the BADS, is affected by the aging process,
remitted major depressive disorder patients still pre-
sented with residual impairment in particular subtests

of executive function. Specifically, the Modified Six El-
ements subtest was sensitive to the dysfunction of re-
mitted patients with late-life depression. We speculate
that patients with late-life depression may have resid-
ual pathology in several brain areas, including the an-
terior cingulate, anterior medial prefrontal areas, and
the right dorsolateral prefrontal cortex.
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