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Patients with depression have neuropsychological
deficits in attention, memory, psychomotor speed,
processing speed, and executive function. It is not
clear, however, whether neurocognition in depres-
sion is impaired in a global or nonspecific way or
if specific cognitive domains are selectively im-
paired. This naturalistic cross-sectional study em-
ployed a computerized neurocognitive screening
battery to evaluate 38 depressed, drug-free pa-
tients, compared to 31 patients who responded to
antidepressant monotherapy and to 69 healthy
comparison subjects. There was evidence for
global neuropsychological impairment in un-
treated depressed patients. In patients who had
been successfully treated, performance was im-
proved but not normalized. There was also evi-
dence for specific depression-related deficits in ex-
ecutive function and processing speed but not in
memory, psychomotor speed, or reaction time. Al-
though depressed patients have global neurocogni-
tive impairments, deficits in certain cognitive do-
mains are more important than in others. In
particular, impairments are noted in tests of exec-
utive control and in tests that demand effortful at-
tention. Information processing speed is also im-
paired but not reaction time. Computerized
testing in the clinic setting demonstrates a range
of neurocognitive problems in patients with de-
pression. These problems may have a bearing on
treatment and outcome.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2006; 18:217–225)

It is not uncommon for depressed patients to complain
of problems concentrating or remembering. Their

complaints, however, do not always correlate with the
results of objective tests; in other words, they feel that
they do worse than the results warrant. On the other
hand, patients with mood disorders in general and de-
pression in particular are known to have actual impair-
ments that can be measured with neuropsychological
tests in various cognitive domains. The more severe
their condition, the more apt they are to be cognitively
impaired.1

Depressed individuals may have severe, global cog-
nitive defects or focal, discrete cognitive deficits, or they
may be cognitively intact. Their cognitive status is de-
pendent on age, depression severity, premorbid cogni-
tive state, or whether they have a comorbid condition,
such as stroke or early dementia. However, even mildly
depressed patients without complicating factors are
more impaired, as a group, than normals.2 As a rule,
patients with bipolar disorder or psychotic depression
are more impaired than patients with nonpsychotic uni-
polar depression.3,4

Investigators have established that cognitive impair-
ment is a concomitant of affective illness, and deficits
have been elicited in every cognitive domain. The focus
of recent research has been to discern a pattern of spe-
cific cognitive functions that might be selectively im-
paired in depressed patients. If this is found to be true,
it might have a bearing on issues related to diagnosis
and treatment.

Specific neurocognitive deficits have been demon-
strated in tests of sustained and/or selective attention.
Attentional problems have been demonstrated in mixed
groups of depressed patients, including young patients
who are drug-free.5,6 Impairments in working memory,
a cognitive function that requires effortful attention, also
occur in patients with depression.7,8 The attentional def-
icits of depressed patients are more likely to be evident
in effortful tasks.9
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Studies of attentional impairment in depressed pa-
tients highlight the fragility of their subjective responses
and the interaction between cognition and emotional re-
sponse. Depressed patients tend to overreact to the mis-
takes they make. In one study, depressed men made
more errors on a sustained attention task than nonde-
pressed men, but they reported much higher incidences
of cognitive failures on a standardized questionnaire. It
was concluded that depressed patients responded “cat-
astrophically” to errors. Making mistakes, even on a
simple task of sustained attention, seemed to heighten
their subjective sense of failure.1

Another specific area of neurocognitive impairment
in depressed patients is in tests of memory.10,11 De-
pressed patients are aware of memory impairment in
their day-to-day lives.12 Studies have suggested that
memory systems reliant on medial temporal lobe struc-
tures are impaired in patients with depression. The re-
lationship between depression and some specific com-
ponent of the memory system, however, is ambiguous.
To date, studies have demonstrated problems with en-
coding as well as retrieval, recall as well as recogni-
tion.13,14 Depressed patients have particular difficulties
with memory tasks requiring sustained effort, such as
list learning and free recall, which are qualitatively dif-
ferent from tasks carried out automatically (e.g., mem-
ory for spatial events).15

The memory deficits of depressed patients seem to be
independent of the patients’ current mood state, but
they are related to the past course of the patients’ illness;
for example, the number of prior depressive episodes.
Thus, memory impairment is at least to a degree trait-
related, in contrast to attentional dysfunction, which ap-
pears to be state-dependent.12

Psychomotor retardation is not necessarily pathogno-
monic of depression. However, it is one of the most dra-
matic symptoms of major depression and one that
should be demonstrable on neurocognitive tests. In fact,
psychomotor slowing can be demonstrated in depressed
patients in numerous ways, including reaction time
measures, information processing speed, writing and
drawing tasks, and other kinesthetic measures.16–21

Younger depressives are less likely to evidence psycho-
motor slowing than older patients.6

Language functions tend to be preserved in various
forms of depression, although impairments in fluency
have been noted.5,22 Fossati et al.23 found verbal fluency
impairments in patients with depression to be associated
with reduced ability to shift mental set on card sorting

tests, suggesting that language deficits were not primary
but reflective of general executive problems in depres-
sion.

Performance on measures of executive control func-
tions tend to be impaired in depressed patients, al-
though not to the degree they are compromised in
schizophrenics.4,6,27 Nevertheless, investigators have
proposed that even if the impairment in brain function
is global and diffuse, there is “particular involvement
of the frontal lobes in nonpsychotic unipolar major de-
pressive disorder.”5 Moreover, executive dysfunction
can be demonstrated in young as well as old depressed
patients.28

Unipolar depressed patients exhibit executive deficits
in tests of inhibition, problem-solving and planning.
Cognitive inhibition deficits in depressed patients can
lead to inefficient allocation of cognitive resources. They
can cause the depressed patient to process information
that is either irrelevant or counterproductive and thus
reduce his or her capacity to deal effectively with de-
pressive thinking and mood control.29,30

Several studies have found evidence of problem solv-
ing impairments in depressed patients. In card sorting
tasks, depressed subjects have difficulty with hypothesis
testing and cognitive flexibility. This state of cognitive
rigidity can prevent patients from coping with life
events, thus perpetuating depressed mood by prolong-
ing stress exposure. Planning tasks, such as the Tower
of London Test, also demonstrate that depressed pa-
tients fail to use negative feedback as a motivational
boost to improve their performance.29

In addition, executive functioning deficits may pre-
dict a poorer outcome in depression. Thus initiation and
perseveration scores—measures of cognitive flexibil-
ity—are associated with relapse and recurrence of de-
pression and residual depressive symptoms.29

Brain imaging studies show that reduced blood flow,
particularly in medial prefrontal cortex and dorsal an-
terior cingulate cortex, subserves executive impairments
in depression. Neuroimaging studies also underscore
the importance of mood-cognitive interactions in de-
pression. A recent working model of depression31 im-
plicates failure of the coordinated interactions of distrib-
uted cortical-limbic pathways in the pathology of
depression. According to this model, neocortical (pre-
frontal and parietal regions) and superior limbic ele-
ments (dorsal anterior cingulate) are postulated to
mediate impaired attention and executive function,
whereas ventral limbic regions (ventral anterior cingu-
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late, subcortical structures) are postulated to mediate
circadian and vegetative aspects of depression.32

Not everyone agrees, however, that executive dys-
function is central to neurocognition in depression. In
2003, Porter et al.6 indicated that confounding factors,
such as the effects of psychotropic medication, had
rarely been controlled for in studies of neurocognition
in depression. Porter et al. studied 44 medication-free
major depressive disorder patients for at least 6 weeks.
The patients were impaired significantly in a range of
cognitive domains, including attention and executive
function and visuospatial learning and memory, com-
pared with healthy subjects. Motor and psychomotor
functions were intact. The study found severity of de-
pression to be correlated with learning and memory per-
formance but not with executive function.6

HYPOTHESES OF NEUROCOGNITIVE
IMPAIRMENT IN DEPRESSION

As research has broadened in recent years and more
data have accrued, including data from neuroimaging
technology, investigators have aimed to ascribe a pat-
tern to the neurocognitive deficits that occur in depres-
sion.24 There are at least three theories that ascribe a spe-
cific pattern to the neuropsychology of depression. One
such theory is the effort hypothesis, which states that
performance on effortful tasks is disproportionately im-
paired in depressives compared with the performance
on automatic tasks. Above, we have alluded to several
instances where effortful tests of attention and memory
were more likely to reveal impairments in depressed pa-
tients. The second, the cognitive speed hypothesis, states
that depression is characterized by cognitive slowness
and that slowing may be at the root of other cognitive
impairments. Research indicates that cognitive function-
ing in depression is characterized by a reduced speed of
information processing. Researchers who favor the cog-
nitive speed hypothesis tend to dismiss the effort hy-
pothesis, although the two are by no means mutually
exclusive.26 The third hypothesis, also alluded to previ-
ously, is that impairment in executive control functions is
central to the neurocognition in depressed patients. Be-
cause at least some degree of neuropsychological impair-
ment is a trait marker for depression, “localizing” the
deficits of depressed patients to one particular functional
system would be a signal advance. Even though de-
pressed patients have difficulty with effortful tasks and

impairments in cognitive speed and executive function
are reliably demonstrated, universal acceptance has not
been given to the cognitive speed hypothesis or the ex-
ecutive function hypothesis. In contrast to theories of
specific impairment is what could be referred to as the
global impairment hypothesis: that depressed patients
suffer from diffuse cognitive impairments—that their
test performance is heterogeneous and that group anal-
ysis does not reveal any coherent pattern of dysfunc-
tion.25 Ravnkilde et al.25 averred that “the large range of
existing neuropsychological, neuropsychiatric, and,
more recently, neuroimaging investigations have not yet
given a consistent picture of the psychological . . . dis-
turbances involved in depression.” Their research indi-
cated that 1) depressed patients suffer from widespread
cognitive impairments, 2) test performance was hetero-
geneous, and 3) group analysis did not allow any hy-
pothesis on a possible pattern to the dysfunctions. The
Danish Positron Emission Tomography/Depression
Project attempted to clarify the relationship between
cognitive functions and regional cerebral blood flow
(rCBF) in a large group of depressed patients compared
with healthy subjects. A set of principal components
was extracted from scores of a battery of neuropsycho-
logical tests of 40 patients suffering from major depres-
sion and 49 healthy subjects. The components were cor-
related by multiple linear regression analyses to selected
regions of interest in the brain obtained from positron
emission tomography images. In contrast to findings in
the healthy comparison subjects, cognitive functions in
the depressed patients correlated significantly with
rCBF in specified regions of interest in only a few in-
stances. The authors concluded that disturbed cognitive
functions in depression do not relate to specific areas of
the brain in the same way as normal cognitive function-
ing, suggesting that the abnormalities of brain function
in major depression may be qualitative rather than
quantitative in nature. One of the only studies that ad-
dressed the “ecological validity” of neuropsychological
testing in depressed patients was reported by McCall
and Dunn.33 They discovered that patients’ problems in
instrumental activities of daily living were most closely
associated with deficits in global cognition. The cogni-
tive impairments of depression can be improved by ef-
fective antidepressant therapy, even in elderly pa-
tients.34 However, there is little evidence to show that
they actually normalize.35 Residual deficits may persist,
especially in older patients and in patients with unipolar
and bipolar depression, dysthymia, and schizoaffective
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disorders.36–38 In cases of late-onset major depressive
disorder, resistance to treatment is associated with im-
paired executive function, which may involve subtle ce-
rebrovascular pathology.39

Pertinent literature is compromised by studies of rela-
tively small samples of heterogeneous patients. In many
studies, the effects of psychotropic medications are not
controlled; in other studies, patients’ clinical state is not
controlled. Further, investigators use different tests that
render comparisons across studies extremely difficult,
or they administer limited test batteries that address
performance in only one or two cognitive domains.
Nevertheless, the literature is clear in showing that pa-
tients with depression are, as a group, subject to neu-
ropsychological deficits in attention, memory, psycho-
motor speed, processing speed, and executive function.
Their deficits are less severe than those of patients with
psychotic depression or bipolar depression but similar
in kind. Their deficits improve, at least to a degree, with
effective treatment but never seem to normalize. Neu-
rocognitive impairment is a trait marker for depression.
Whether the cognitive impairments that characterized
depressed patients are specific or general is not a trivial
question. It is possible that appreciating the true nature
of neurocognition in depression would have an impact
on diagnosis, or subtyping, or even treatment, especially
cognitive-based therapies. To address this question from
a clinical perspective, we administered a computerized
neurocognitive testing battery that addressed a range of
cognitive domains to three groups of subjects: depressed
patients who were not yet on medication, an equal num-
ber of depressed patients who had responded favorably
to medication treatment, and matched healthy subjects.

METHODS AND MATERIALS

This was a retrospective cross-sectional study of neu-
rocognitive performance in patients with depression
and healthy subjects.

Subjects
The subjects of this investigation were unipolar, non-
psychotic patients with major depressive disorder.
They were all outpatients at the North Carolina Neu-
ropsychiatry Clinics in Chapel Hill and Charlotte, pri-
vate clinics specializing in neuropsychiatric evaluation
and medication treatment. Every new patient at the
Neuropsychiatry Clinics is administered a computer-

ized neurocognitive test battery. Once patients achieve
a satisfactory clinical response to treatment and medi-
cations are stable for at least 4 weeks, they are tested
again. None of the patients whose data we studied were
involved in clinical trials. Patients gave written in-
formed consent to allow their de-identified data to be
used for purposes of research and evaluation. One
group was comprised of patients with major depression
who were tested prior to initiating treatment. Patients
were on no psychotropic drugs (major depressive dis-
order, N�38). The other patient group was comprised
of major depressive disorder patients who had been suc-
cessfully treated and were currently on antidepressant
monotherapy for at least 4 weeks, with no other psy-
chotropic medications (major depressive disorder-Rx,
N�31). No comorbid diagnoses were permitted. Pa-
tients’ psychiatric diagnoses were conferred by a senior
psychiatrist, using DSM-IV-TR criteria. The diagnoses
were confirmed by a second psychiatrist. All patients
completed the Central Nervous System (CNS) Vital
Signs computerized screening battery (major depressive
disorder patients, as part of their initial evaluation at the
clinic, and major depressive disorder-Rx patients, after
they had achieved a therapeutic response and been on
a stable medication dose for at least 4 weeks). The 38
major depressive disorder patients had a mean score on
the Beck Depression Inventory of 16.86 and a mean
Hamilton score of 15. The 31 major depressive disorder-
Rx patients had a mean score on the Beck Depression
Inventory of 1.5 and a mean Hamilton score of 6. They
were on the following medications and no other drugs:
citalopram, 1; fluoxetine, 3; escitalopram, 8; paroxetine,
3; mirtazepine, 1; trazodone, 1; venlafaxine, 5; bupro-
pion, 6; sertraline 3. Healthy comparison subjects were
generated from the CNS Vital Signs database. They were
drawn randomly from a database of more than 500
healthy people. (“Normals” were individuals who were
in good health, medication-free, and free of any present
or past neurological, medical or psychiatric disorder.)
Sixty-nine normals were selected matched to the patient
groups by age and race and gender (NML, N�69).

Cognitive Evaluation
Patients’ neurocognitive performance was measured on
a computerized battery of tests, CNS Vital Signs. CNS
Vital Signs is a PC-based neurocognitive screening bat-
tery, comprised of seven familiar neuropsychological
tests: verbal and visual memory (verbal memory, visual
memory);49,50 finger tapping test;51 symbol-digit cod-
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ing;52 the Stroop test;53 the shifting attention test;54 and
the continuous performance test.55 The test battery is
self-administered in the clinic on an ordinary PC and
takes approximately 30 minutes to complete. The tests
in the vital signs battery are highly reliable (test-retest,
r � 0.65–0.88) (Gualtieri, Johnson & Benedict, 2004).
Normative data from � 500 healthy subjects, age 10–89,
indicate typical performance differences by age and gen-
der (Gualtieri, Johnson & Benedict, 2004b). Concurrent
validity was established in studies comparing the vital
signs battery to conventional neuropsychological tests.54

The tests in CNS Vital Signs are reported as raw test
scores from the individual tests (15 primary variables,
e.g., correct responses, errors, and reaction time). The
seven tests in turn generate six domain scores, empiri-
cally derived by factor analysis. These are: memory (de-
rived from verbal memory and visual memory); psy-
chomotor speed (from finger tapping test and
symbol-digit coding); reaction time (Stroop test); cog-
nitive flexibility (Stroop test and shifting attention test);
complex attention (Stroop test, shifting attention test,
continuous performance test); and vigilance (continuous
performance test). (Cognitive flexibility is an executive
control function.) Domain scores are reported as stan-
dard scores (z scores standardized to a mean of 100 and
a standard deviation of 15). The average of the z scores
for five of the domains generates a summary score,
which is reported as a standard score (NeuroCognition
Index [NCI]). (This is similar to an IQ score on the
Wechsler Adult Intelligence Scale or the Stanford-Binet
that is generated by averaging the z scores of the various
subtests.)

Procedure
The CNS Vital Signs database contains records from
more than 2000 patients with neurological and/or psy-
chiatric disorders. The database contains data from all
the patients who visited the clinic within a 14-month
period (July 2003 through August 2004). The database
was scanned for patients whose primary diagnosis was
major depression and whose age was 18–65 years. Two
hundred thirty-seven (237) patients were thus identi-
fied. Patients were deleted if they had comorbid neu-
rological or medical conditions, cognitive disorders
(e.g., dementia, brain injury, learning disabilities) or sig-
nificant psychiatric disorders (e.g., attention deficit dis-
orders, personality disorders, schizophrenia, obsessive-
compulsive disorder). The data pool was thus reduced
to 183. From this pool, two groups were extracted: 1)

major depressive disorder patients on no medication,
with scores on the Beck Depression Inventory �14 and/
or on the Hamilton Depression Rating Scale �14; and 2)
major depressive disorder patients who were on only
one medication (one of the modern antidepressants) and
who had been on a stable dose of medication for �4
weeks, and whose Beck and/or Ham-D scores were �10.
Once patients were selected who met inclusion and ex-
clusion criteria, the CNS Vital Signs database computer
extracted healthy subjects randomly but matched for
age, race, and gender.

Analysis
CNS Vital Signs generates 15 primary scores, six domain
scores, and one summary score. Group differences were
assayed by multivariate analysis and by rank-order
analysis. Post hoc tests included the Bonferroni correc-
tion and pairwise t tests.

RESULTS

Clinical and neurocognitive data from the three groups
are presented in Table 1. Multivariate analysis with age
as a covariate indicated significant group differences for
the Neurocognition Index and for the domain scores of
cognitive flexibility and complex attention. Post hoc
analysis (pairwise t tests) indicated significant differ-
ences between the major depressive disorder group and
normals on the Stroop test (errors, t 2.13, p�0.04); the
shifting attention test (correct, t 2.36, p�0.02; errors, t
2.12, p�0.04); and the continuous performance test (re-
action time t 2.22, p�0.03). These differences were
found in the domains of cognitive flexibility (t 2.60,
p�0.01), complex attention (t 2.73, p�0.01), and vigi-
lance (t 2.00, p�0.05) as well as in the Neurocognition
Index (t 2.09, p�0.04). The major depressive disorder
group differed from the major depressive disorder-Rx
group in the domains of complex attention (t 2.48,
p�0.02) and vigilance (t 2.03, p�0.05). There were no
significant pairwise differences between the major de-
pressive disorder-Rx group and healthy subjects. Sig-
nificant differences in test scores were mainly between
untreated depressives and the other two groups. How-
ever, rank order analysis indicates a somewhat different
picture (Figure 1). Rank ordering indicates that normals
scored higher than treated depressed patients in the
Neurocognition Index summary score in four of six do-
mains and in 10 of the 15 primary scores. This difference
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TABLE 1. Demographic Data and Test Scores from Three Groups

MDD MDD-Rx NML

GROUP Mean SD Mean SD Mean SD F P�

N 38 31 69
AGE 38.11 9.95 43.55 10.68 41.30 11.40
RACE 33W 29W 63W
SEX 20F 22F 44F
NCI 92.94 17.60 97.39 11.47 99.39 7.87 2.75 0.0451
MEMORY 95.62 22.28 100.89 16.59 99.02 16.08 0.62 0.6033
PMS 94.09 23.68 94.58 14.65 99.96 16.13 0.89 0.4488
RT 93.62 21.16 94.98 22.15 98.30 13.90 1.17 0.3243
COGN FLEX 86.38 27.19 96.32 18.66 98.94 16.47 4.68 0.0039
COMPLEX ATTENTION 79.06 40.59 96.89 16.22 97.89 16.71 4.43 0.0053
VIGILANCE 88.11 32.83 99.62 10.91 99.35 14.68 1.70 0.1696
VBM 50.21 6.85 52.29 4.17 52.55 4.38 1.89 0.1345
VIM 46.50 6.22 46.90 5.20 45.70 5.10 0.49 0.6921
FTT 108.63 27.01 108.90 13.51 115.72 19.69 2.26 0.0844
SDC correct 56.00 14.17 54.48 9.76 55.32 11.16 6.92 0.0002
ST simple RT* 313.61 124.30 317.74 138.65 285.27 53.69 0.90 0.4432
ST complex RT* 616.70 115.26 620.10 129.35 594.83 87.35 0.66 0.5759
Stroop RT* 711.74 145.97 709.97 142.33 694.76 107.04 0.87 0.4606
ST errors* 1.84 1.70 1.23 1.28 1.17 1.21 2.40 0.0710
SAT correct 46.84 9.35 49.23 10.29 50.89 7.98 1.81 0.1492
SAT errors* 10.87 12.41 6.58 4.75 6.34 5.91 3.39 0.0201
SAT RT* 1033.16 209.75 1094.74 206.18 1060.31 169.00 3.20 0.0256
SAT efficiency (Q)* 1.30 0.34 1.28 0.37 1.21 0.27 1.31 0.2734
CPT correct 38.26 6.23 39.90 0.40 39.88 0.53 2.98 0.0337
CPT errors* 4.11 10.90 0.68 0.98 0.68 1.40 2.11 0.1020
CPT RT* 437.49 81.69 422.84 76.29 404.68 54.31 1.65 0.1804

MDD�patients with major depression, untreated; MDD-Rx�depressed patients, treated; NML�normal controls matched for age, race, and
gender; NCI�Neurocognition Index; PMS�psychomotor speed; RT�reaction time; VBM�verbal memory; VIM�visual memory;
FTT�finger-tapping test total right and left taps; SDC�symbol digit coding; ST�Stroop test; SAT�shifting attention test; CPT�continuous
performance

was highly significant (Kendall’s W 0.44, Chi square
19.2, p�0.0001). If anything, this ordering understates
the superiority of the healthy group. For example, on
the shifting attention test, untreated major depressive
disorder patients had the fastest reaction times. How-
ever, they also made the most errors and had the worst
efficiency score. (Efficiency, or Q, is a speed-accuracy
trade-off statistic44 derived by dividing reaction time by
percent correct.) In a speed-accuracy trade-off test, a fast
reaction time is a good sign only if it is accompanied by
a high rate of correct responses, a low rate of errors, and
a low efficiency score (Q). For most variables, healthy
subjects perform best, followed by major depressive dis-
order patients on antidepressants, and drug-free major
depressive disorder patients perform worst. This pat-
tern is illustrated in Figure 1, where data are presented
for the Neurocognition Index.

DISCUSSION

Our findings are consistent with the literature—that pa-
tients with depression are subject to multiple neuropsy-

chological deficits. Patients whose depression is suc-
cessfully treated with modern antidepressants are better
cognitively than untreated patients, but they do not per-
form better than healthy comparison subjects. In our
study, group differences were evident in measures of
cognitive flexibility, complex attention, processing, and
vigilance. It may be true, therefore, that the neurocog-
nitive deficits of depressed patients are general in na-
ture. However, our data also indicate that deficits in cer-
tain domains may be more important than others. In a
more molecular analysis, pairwise analysis indicates dif-
ferences between untreated major depressive disorder
patients and healthy subjects in measures of cognitive
flexibility (Stroop test errors and shifting attention test
errors), processing speed (symbol-digit coding) and vig-
ilance attention (continuous performance test correct re-
sponses). Treated depressed patients performed better
than untreated patients in measures of cognitive flexi-
bility and complex attention. It would appear, then, that
these two measures of executive ability are central to the
neurocognition of depression and that deficits in these
areas are responsive, at least to a degree, to successful
treatment.
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FIGURE 1. Rank Order for NCI, 6 Domains, and 15 Primary
Variables

NCI
MDD MDDRx NML

Memory
PMS
RT

COGN FLEX
Attention
Vigilance

VBM
VIM
FTT

SDC correct
ST simple RT*

ST complex RT*
Stroop RT*
ST errors*
SAT correct
SAT errors*

SAT RT*
SAT efficiency (Q)*

CPT correct
CPT errors*

CPT RT*
Mean Rank

1
2
1
1
1
1
2
1
3
1
2
1
1
1
1
1
1
2
1
2
2
1

1.36

2
1
2
2
2
2
1
2
1
2
3
3
3
2
2
2
2
3
2
1
1
2

1.95

3
3
3
3
3
3
3
3
2
3
1
2
2
3
3
3
3
1
3
3
3
3

2.68

* In the tests marked with an asterisk, low scores are better than
high scores. Test scores are ranked in relative terms, as best (1),
second best (2), and worst (3).

The results of this investigation touch upon the sev-
eral hypotheses of neurocognition in depression, which
we discussed. We are clearly supportive of the executive
function hypothesis. Patients’ performance in the shift-
ing attention test, the Stroop test, and the domains of
cognitive flexibility and complex attention reflects the
importance of executive function deficits in depression.
These results are also supportive of the effort hypothe-
sis. Coding, the shifting attention, and continuous per-
formance tests are the most effortful tests in the CNS
Vital Signs battery. The tests of verbal and visual mem-
ory, which did not register at a significant level in any
of the comparisons, are simple recognition tests and the
least effortful tests on the battery. The cognitive speed
hypothesis predicts that measures of processing speed,
such as reaction time measures and symbol-digit cod-
ing, should be relatively more impaired in depressed
patients. In the CNS Vital Signs battery, there are four
reaction time measures. The coding test (symbol-digit

coding) is another way to measure cognitive processing
speed. Significant differences were apparent only in the
coding test. Processing speed deficits may be central to
the neurocognition of depression, but they are only
manifest in complex and effortful tests, such as coding.
It does appear, at least superficially, that depressed pa-
tients, untreated, have global cognitive impairments
and that treated patients tend to perform better globally.
This is manifest in the rank-order analysis and also by
the NCI, a measure of general cognitive ability (Figure
1). However, closer examination of the data suggests
that there is specificity to the neurocognition of depres-
sion. Executive ability, processing speed, and effortful
attention appear to be the most important elements in
the neurocognition of depression. A naturalistic, cross-
sectional study of a comparatively young patient group
may not be the optimal environment for contending
with all the implications of what is clearly a complex
subject. In light of the variance in test scores, and the
relatively small absolute differences, larger prospective
studies will be necessary to generate unambiguous re-
sults. The severity of patients’ depression and the degree
to which they have responded to treatment might have
been calibrated with more precision than the authors
have done. In addition, a comparison group treated with
the entire gamut of “modern antidepressants” (i.e., not
tricyclics or monoamine oxidase inhibitors) is actually
not equal to the importance of the questions posed in
this study. It is not unlikely, for example, that different
antidepressants have different neurocognitive profiles.45

While our findings are certainly suggestive, they are not
as definitive as those of a larger prospective study might
be. The use of a computerized battery of tests has both
advantages and disadvantages. The performance of an
unsupervised subject sitting in front of a console may
not always represent an optimal testing environment. In
a study of newly admitted psychiatric inpatients, Weber
et al.46 reported that patients’ negative attitude toward
computers was associated with nervousness during test-
ing and with poor results in certain tasks. This was es-
pecially true of depressed patients. The performance def-
icits, however, were only manifest in computerized tests
of attention. On the other hand, Gur et al. reported that
schizophrenic patients performed equally well (or
poorly) on traditional neuropsychological batteries and
computerized tests and that “the patients tolerated the
computerized scan well. In contrast to the traditional
battery, which taxes patients’ endurance, patients
seemed to appreciate the brevity of the computerized
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scan. They did not have difficulties operating the com-
puter and informally they appeared more relaxed being
tested by a computer rather than a person.”47 Indeed,
computerized testing has clear advantages, compared to
traditional paper-and-pencil testing. These include bet-
ter standardization in administration and scoring, the
ability to generate numerous alternative forms suitable
for repeated testing, precise stimulus control, the ability
to track various components of subjects’ responses, in-
creased cost efficiency in testing, and the ability to de-
velop large and accurate databases.48 If it is true that
treated depressives are functioning, cognitively 3% be-
low healthy people and untreated depressives are func-
tioning with a 7% decrement, then cognitive evaluation
should probably be part of routine patient evaluation.
The precise nature of patients’ cognitive deficits and the

impact they have on patients’ day-to-day lives should
be a focus of ongoing treatment. The wide availability
of the new computerized test batteries, inexpensive and
easy to use, makes this a feasible option for physicians
in clinical practice.
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