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■ Abstract The aim of the study was to investigate the
improvement of executive function measures upon re-
covery from unipolar depression. Thirty patients who
suffered from recurrent major unipolar depression were
retested with regard to their executive function approx-
imately two years after an initial baseline examination.
At baseline, patients were depressed (average 17-item
HAM-D score 21.8), at retesting they were partially or
totally recovered (average HAM-D score 8.2). There was
a significant positive association between improvement
on the HAM-D and improvement of executive function.
In those with complete recovery, overall executive func-
tion and most examined executive function measures
were no longer different from the baseline performance
of healthy controls (with the possible exception of se-
mantic fluency and Stroop Colour-word). In conclusion,

recovery from major unipolar depression was accompa-
nied by a recovery of many aspects of executive function
to a normal level. Our findings support previous studies
that have shown that neuropsychological impairment
associated with long-standing depressive symptomatol-
ogy is reversible (i. e. state-related) in recurrent unipo-
lar depression.

■ Key words depression · longitudinal · executive
function

Introduction

Major depression is a common and severe disorder that
traditionally has been seen as a disturbance in mood
and vegetative functioning. Since the beginning of the
1980s, a number of studies have shown that major de-
pression can also be associated with impairment of cog-
nitive function. One of the neuropsychological domains
that have been shown to be particularly impaired in de-
pression, is that of ‘executive function’ [4, 12, 20, 21, 24,
29, 33, 35, 44, 49]. However, it is yet not clear whether this
depression related impairment persists after remission
from the depressive episode, i. e. whether it is ‘trait’ or
‘state’ dependent [4, 27].

Executive functions are higher-level cognitive func-
tions that control and regulate lower cognitive opera-
tions. They are most likely linked to functional neuronal
circuits involving the frontal lobe [50, 51]. Pennington
and Ozonoff have conceptualised executive function by
including the following components: set-shifting, plan-
ning, inhibition, working memory, and fluency [43].

Depression is regarded as a chronic disorder with a
release-relapse course in which patients experience re-
currence of episodes after having partially or fully re-
covered, and in which sub-threshold symptoms might
be present between the episodes [3, 30]. The symptoma-
tology and cognitive deficits in depression have been
linked to a neurobiological dysfunction that involves 
the frontal-subcortical neuronal circuitries [23, 34, 46].
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Functional brain imaging studies (fMRI) have shown
that the disease is associated with pathological changes
of blood flow and glucose metabolism in the prefrontal
cortex, striatum, pallidum, and thalamus during de-
pression, and that some of these disturbances improve
upon recovery [15, 54]. Cognitive activation studies with
positron emission tomography (PET) have indicated
that depression is associated with an activation level in
frontal and prefrontal regions that is different from that
found in normal controls, and that post-treatment acti-
vation is improved compared to baseline activation [9,
31]. It has also been shown that a portion of depressed
patients suffer from a dysregulation in the HPA-axis that
results in excessive and dysfunctional cortisol secretion
[36, 37, 41]. It is possible that such a long-lasting hyper-
cortisolaemia may exert a detrimental effect upon the
neuronal functioning, and that it may even lead to neu-
ronal loss [41, 48]. If this holds true, one could expect
that neuropsychological test performance would fail to
improve to a level comparable to that of healthy controls
after recovery in subjects with long disease duration [5].

However, several studies have suggested that the
changes in executive function in long-lasting depression
are state-related (i. e. reversible), although these studies
are by no means consistent [4]. Beblo et al. (1999) and
Neu et al. (2001) found a significant improvement of the
Verbal Fluency Test upon recovery from recurrent de-
pression [8, 39]. However Reischies et al. (2000) found
that there was no significant difference of improvement
between retested remitted depressives and retested
controls on this test [45]. Beats et al. (1996) found that
whereas performances on a set-shifting task normalised
after recovery in a group of remitted elderly patients
with long disease duration, performance on a planning
task was slower, and number of words generated on the
Verbal Fluency Test fewer when compared to healthy
controls [7]. Paradiso et al. (1997) showed that remitted
unipolar depressives with long disease duration were
impaired on the Trail Making Test, and on the Stroop
Colour-word Test [42]. Possibly, test performance in re-
mitted patients could be a function of time of follow-up
and level of psychopathology at the time of follow-up, as
well as of task-specific characteristics. Perhaps some as-
pects of executive function return to normal earlier in
the course of remission, whereas others remain im-
paired longer, or do not return to normal at all, i. e. they
are ‘trait’ markers that could possibly be related to the
underlying pathobiological mechanisms. Therefore, one
should examine the patients after a sufficiently long test-
retest interval in order to avoid the effects of depression
lag and of persistent sub-threshold symptomatology.

The present study investigated improvement in per-
formance on measures of executive function after a long
test-retest interval (26 months) in a well defined group
of unipolar patients with long disease duration. Their
executive function performance was impaired while
they were in the depressed state [17, 49]. The aim of the
study was to explore the association between symptom
relief and improvement on tests related to frontal lobe

functioning. Specifically, we tested the hypotheses that
1) improvement of executive function follows improve-
ment in depressive symptomatology, and 2) after com-
plete recovery, executive function is not significantly
different from that of healthy controls.

Methods

■ Sample

Thirty subjects from a baseline sample of 50 with a DSM-IV diagno-
sis of recurrent major unipolar depression [1, 19] were re-examined
with psychiatric and neuropsychological measures after a mean test-
retest interval of 26.3 months (standard deviation SD = 6.1). Inclusion
criteria at baseline (T1) were a minimum score of 18 on both the 17-
item Hamilton Depression Rating Scale (HAM-D) [26] and the Mont-
gomery Aasberg Depression Rating Scale (MADRS) [38], and a life-
time minimum of two major depressive episodes including the
baseline episode. At follow-up (T2), level of depressive psychopathol-
ogy was assessed by the HAM-D and the subjects were examined by
the Mini International Neuropsychiatric Interview (version 5.0.0) [1,
47] in order to detect if any changes of primary diagnosis had oc-
curred. Out of the 50 patients included at T1, three were deceased at
T2, two had developed a bipolar disorder, and fifteen subjects did not
respond to the invitation to participate in the follow-up examination.
Sample characteristics and a drop-out analysis are presented in
Table 1. There were no significant group differences with respect to
sociodemographic and clinical variables, level of functioning as mea-
sured by the Global Assessment of Functioning Scale (GAF) [1], gen-
eral intellectual abilities as measured by the Similarities and the Pic-
ture Completion subtests from the Wechsler Adult Intelligence
Scale-revised (WAIS-R) [55], or medication (medicated/non-med-
icated) at T1 between the retested (N = 30) and the retest non-atten-
dees (N = 20). However, the retested had a longer disease duration
(P = 0.01, two-tailed, Mann-Whitney U test) and a higher number of
depressive episodes than the retest non-attendees (P = 0.009, two-
tailed, Mann-Whitney U test). At T2, the sample was divided into re-
covered (N = 17) and non-recovered (N = 13) (T2 cut-off HAM-D ≤ 7),
clinical characteristics of these subgroups are presented in Table 2.
There were no significant differences in sociodemographic or clinical
variables between the recovered and the non-recovered.

The study was approved by the Regional Committee for Medical
Ethics and it was performed in accordance with the Helsinki Decla-
ration of the World Medical Association Assembly. All participants
provided written informed consent to participate in the study at in-
clusion and at follow-up. The study was funded by the Norwegian Re-
search Council.

■ Selected EF tests

Ten subtests were used to measure executive function (EF). These
were selected from a neuropsychological test battery according to the
theoretically and empirically based model of executive function out-
lined by Pennington and Ozonoff in 1996 [43]. Seven of these mea-
sures had significantly separated the depressed sample from the con-
trol sample (N = 50) at T1 after medication and psychomotor speed
had been controlled for [49]. From the Wisconsin Card Sorting Test
(WCST) [28], four measures were included: the Number of categories
completed (WCST Catc), the Number of perseverative errors (WCST
Perr), the Failure to maintain set (WCST Ftms), and the Number of
nonperseverative errors (WCST Nperr). WCST Catc and WCST Perr
were used as measures of set-shifting. The PASAT 2 and the PASAT 3
seconds subtests from the Paced Auditory Serial Addition Test
(PASAT) [25] and the Backward Digit Span (WAIS-R Dsb) subtask
from the Wechsler Adult Intelligence Scale-revised (WAIS-R) [55]
were included as measures of working memory. The Colour-word
(Stroop C/W) subtask from the Stroop Colour and Word Test (Stroop)
[22] was included as a measure of inhibition. The Number of words
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Recovered (N = 17) Non-recovered (N = 13)

Mean SD Range Mean SD Range

Age at inclusion, years 34.1 9.4 20–47 37.9 6.6 29–50

HAM-D
T1 20.1 1.6 18–23 23.9 3.6 18–30
T2 2.7 2.1 0–7 15.4 5.8 8–27

Education, years 14.0 3.0 9–19 13.5 3.0 9–18

Intellectual abilities
WAIS-R Picture completion 15.0 3.2 7–19 13.8 3.7 6–18
WAIS-R Similarities 18.4 6.9 5–27 20.1 5.8 4–25
T1-T2 interval, months 27.4 6.9 15.3–40.0 24.7 4.5 17.3–33.1
Age at first episode, years 25.1 11.0 7–44 22.2 7.7 14–37
Lifetime number of episodes 3.8 1.3 2–5 3.7 1.11 2–5
Total disease duration, years 10.8 7.4 1–23 16.8 10.5 1–32

GAF
T1 43.9 8.9 25–55 45.5 68.0 31–55
T2 82.2 8.6 70–100 58.1 11.0 45–80

Sex, male/female 8/9 4/9

Handedness, right/left 17/0 11/2

Work status T1: 9 employed/1 student/7 sick T1: 3 employed/3 students/7 sick
leave or disability pension leave or disability pension

T2: 11 employed/2 students/4 sick T2: 2 employed/10 sick leave or
leave or disability pension disability pension/1 no income

Antidepressant use* T1: 11 T1: 12
T2: 11 T2: 12

SSRI T1: 10 T1: 11
T2: 11 T2: 9

other antidepressants T1: 1 mianserin/1 venlafaxine/ T1: 1 MAOI/2 venlafaxine/
1 nefazodone 1 nefazodone

T2: 2 MAOH T2: 2 MAOI/1 tricyclic/1 lithium

Neuroleptics T1: 4 T1: 3
T2: 1 T2: 3

Sedatives T1: 8 T1: 6
T2: 2 T2: 7

* Some patients were on more than one antidepressant

Table 2 Sample characteristics of the
recovered and the non-recovered

Retest attendees (N = 30) Retest non-attendees (N = 20)

Mean SD Range Mean SD Range

Age, years 35.8 8.4 20–50 33.8 9.3 19–51

HAM-D 21.8 3.2 18–30 22.5 5.6 18–42

Education, years 13.8 3.0 9–19 14.0 2.8 10–19

Intellectual abilities
WAIS-R Picture completion 14.5 3.4 6–19 14.7 2.9 9–19
WAIS-R Similarities 19.1 6.4 4–27 21.1 4.1 10–27
Age at first episode, years 23.7 9.6 7–44 27.9 10.5 15–47
Lifetime number of episodes* 3.8 1.2 2–5 2.4 0.5 2–3
Total disease duration, years* 13.6 9.3 1–32 6.1 5.1 1–22
GAF 44.6 8.0 25–55 47.9 9.5 33–70
Sex, male/female 12/18 9/11
Handedness, right/left 28/2 18/2
Work status 10 employed/4 students/ 6 employed/5 students/6 sick

14 sick leave or disability leave or disability pension/
pension/2 information 2 out of work/1 information
missing missing

Medication 26 on medication, 2 not on 18 on medication, 2 not on
medication, 2 information medication
missing

* Significant mean group difference, P = 0.009 and P = 0.01, Mann-Whitney U test, two-tailed

Table 1 T1 sample characteristics of
the retest attendees and the retest non-
attendees
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in phonemic categories (COWAT Phon) and Number of words in se-
mantic categories (COWAT Sem) from the Controlled Oral Word As-
sociation Test (COWAT) [10] were included as measures of fluency.
More details about the tests are given in Stordal et al. [49].

■ EF operationalisation

The Stroop C/W subtask, the WCST Perr, the WCST Nperr, and the
WCST Ftms subtasks were reverse-scaled so that higher scores indi-
cated better performance. Scores of change between T1 and T2 for
raw scores and for standardised scores (Z-scores) of each of the ten
EF measures were computed by subtracting T1 scores from T2 scores.
A Cronbach’s alpha of 0.83 was found at T1 for raw scores of the ten
selected EF measures in a N = 100 sample consisting of the total base-
line sample and the sample of healthy controls previously mentioned.
This high internal consistency of the EF measures indicated that a
composite scale of change of EF from T1 to T2 could be computed.
Weighted Z-scores of EF change were, therefore, added together in
order to produce a composite scale. The weighted Z-scores of change
were computed by multiplying Z-scores of change for each EF mea-
sure with their respective weights derived from a one-factor Princi-
pal Components Analysis (PCA) on T1 raw scores in the N = 100 sam-
ple.

■ Data analysis

The HAM-D total score was reverse scaled and change variables were
computed by subtracting T1 scores from T2 scores. In order to evalu-
ate the hypothesis that improvement of depressive symptomatology
correlated with EF improvement, Pearson’s correlation coefficients r
were calculated for the association between the HAM-D change
scores and the composite scale of EF change as well as between the
HAM-D change scores and change scores of each of the ten selected
EF measures in the total sample. Then, the subjects were divided into
two groups: recovered and non-recovered (T2 HAM-D cut-off ≤ 7).
Chi-square tests and independent-samples t tests were conducted to
assess differences of sociodemographic and clinical variables be-
tween the two groups. A Mann-Whitney U test was conducted to as-
sess differences between the two groups on the composite scale of EF
change. Independent-samples t tests or Mann-Whitney U tests were
conducted to assess between-group differences of change of EF raw
scores.

In order to assess to what degree EF returned to normal levels af-
ter depression recovery, Z-scores of the recovered group’s test scores
at T2 were compared to Z-scores from the T1 control group by inde-
pendent samples t tests in a N = 67 data set consisting of T1 values
from the healthy control group (N = 50) and T2 values from the re-
covered group (N = 17).An independent-samples t test was conducted
to evaluate if the recovered group’s score on a PCA-weighted sumscale
of Z-scores of the ten selected EF measures in this data set was differ-
ent from the healthy controls’ score.

The Bonferroni approach was used in order to control for Type I
error across the analyses with the ten EF measures as dependent vari-
ables. The tests were two-tailed with an alpha level of 0.05, except for
tests done on the associations between improvement on EF variables
and improvement on the HAM-D, which were one-tailed, because
here only positive associations were expected. Statistical procedures
were performed using the SPSS 11.5.

Results

■ Relationship between depression recovery 
and EF improvement

The relationship between HAM-D change scores and the
composite scale of EF change is shown as a scatterplot in
Fig. 1.A significant positive Pearson’s correlation coeffi-

cient was found between the HAM-D change and the
composite scale of EF change (r = 0.33, P = 0.04, one-
tailed). Depression recovery as measured by the HAM-
D explained 11 % of the variance of EF improvement
from T1 to T2 (R2 = 0.11). Pearson’s correlation coeffi-
cients for the relationship between HAM-D change and
change of raw scores from T1 to T2 on each of the ten se-
lected EF measures in the total sample are presented in
Fig. 2. Change from T1 to T2 was positively correlated
with HAM-D change on eight out of the ten EF mea-
sures. The only statistically significant positive correla-
tion was found between HAM-D change and change of
the COWAT Sem (r = 0.33, P = 0.04, one-tailed). The pos-
itive correlations between change of HAM-D and
change of the Stroop C/W, the WCST Ftms, and the
PASAT 2 were moderate, yet noteworthy (r = 0.28,
r = 0.27, and r = 0.25, respectively), but not of statistical
significance.

The correlations between change of the HAM-D total
score and change of the PASAT 3 and of the WCST Perr

Fig. 1 Scatterplot of HAM-D total score improvement from T1 to T2 versus the
composite scale of EF improvement

Fig. 2 Pearson’s correlation coefficients between HAM-D total score improve-
ment and change of EF measures from T1 to T2 in the total sample (N = 30)
* test scores are reverse scaled
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were negative. After an alpha correction was applied for
the single test correlations in Fig. 2, none of the correla-
tions were significant.

■ EF improvement in the recovered and the 
non-recovered groups

Means and standard deviations of raw scores, change
scores from T1 to T2, and Z-scores of change for each of
the ten selected EF measures for the recovered and the
non-recovered groups are shown in Table 3. Eight out of
the ten EF measures showed greater mean improve-
ments in the group that recovered than in the group that
did not. An independent-samples t test conducted to
evaluate group differences between the recovered and
the non-recovered groups’ change from T1 to T2 showed
that the recovered group had a significantly greater per-
formance improvement on the PASAT 2 compared to the
non-recovered group (P = 0.02, one-tailed, independent-
samples t test). After an alpha-correction was per-
formed, however, this difference was not significant. No
other measure of change was significantly different be-
tween the two groups. In addition, the difference be-
tween the two groups with regard to improvement on
the composite scale of EF change from T1 to T2 was not
significant.

■ Test performance in the recovered group compared
to the healthy controls

Mean Z-score differences (recovered-controls) are pre-
sented in Fig. 3. After recovery, mean Z-scores in the re-
covered group were in the range from + 0.30 to –0.61 SD
above/below the group test means of the control group.

The independent-samples t test conducted with the
sumscale of EF Z-scores as dependent variable in order
to evaluate if the recovered group’s test performance at

T2 differed from that of the healthy controls’ at T1
showed that there was no significant group difference
between the recovered at T2 and the healthy controls
(P = 0.190, two-tailed). In the analysis with the ten single
EF test measures as dependent variables, the recovered
group did not perform significantly lower than the con-
trol group on eight out of the ten measures. Their per-
formance was still significantly lower on the COWAT
Sem and on the Stroop C/W (P = 0.030 and P = 0.033,
two-tailed). After alpha correction, no EF-measure was
significantly lower in the recovered group compared to
the control group.

Discussion

The results demonstrated that improvement of de-
pressive symptomatology is followed by improvement
on measures of neuropsychological test measures re-
garded as indicators of executive function. A significant
medium-sized positive correlation between improve-

Table 3 HAM-D total scores and EF scores at T1 and at T2, change scores and Z-scores of change (T1 to T2) for the recovered and the non-recovered

Recovered Non-recovered

T1 T2 Change (T2–T1) T1 T2 Change (T2–T1)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Mean (SD) Mean Z-score (SD) Mean (SD) Mean Z-score (SD)

PASAT 3 44.4 (13.6) 47.1 (14.1) 2.7 (10.8) 0.2 (0.9) 42.9 (12.9) 48.4 (10.7) 5.5 (6.5) 0.4 (0.5)

PASAT 2 35.6 (12.6) 41.4 (10.8) 5.9 (6.0) 0.5 (0.5) 38.5 (13.9) 39.4 (10.8) 0.9 (6.4) 0.1 (0.5)

Stroop C/W* 57.9 (16.4) 49.7 (10.1) 8.3 (11.5) 0.6 (0.8) 55.4 (10.6) 53.2 (17.8) 2.2 (14.2) 0.2 (1.0)

WAIS Dsb 5.2 (1.6) 6.1 (2.3) 0.9 (2.5) 0.5 (1.3) 5.1 (1.4) 5.9 (2.0) 0.8 (1.6) 0.4 (0.9)

COWAT Phon 24.2 (8.3) 26.8 (9.8) 2.6 (4.7) 0.3 (0.6) 22.8 (6.8) 24.5 (8.1) 1.7 (5.1) 0.2 (0.6)

COWAT Sem 39.5 (8.6) 41.0 (9.1) 1.5 (6.4) 0.2 (0.6) 40.9 (12.2) 39.5 (11.0) 1.4 (9.2) 0.1 (0.9)

WCST Catc 4.8 (1.8) 5.5 (1.2) 0.8 (1.5) 0.5 (1.1) 5.6 (0.9) 5.9 (0.4) 0.2 (0.9) 0.2 (0.7)

WCST Perr* 14.6 (11.2) 9.6 (8.8) 4.9 (8.2) 0.6 (0.9) 14.3 (7.7) 8.0 (4.1) 6.3 (7.9) 0.7 (0.9)

WCST Nperr* 15.6 (9.5) 8.9 (7.5) 6.7 (9.0) 0.9 (1.2) 12.4 (6.9) 8.3 (4.1) 4.1 (8.1) 0.5 (1.0)

WCST Ftms* 2.1 (2.1) 1.1 (1.3) 0.9 (1.9) 0.5 (1.1) 1.2 (1.3) 0.8 (1.3) 0.4 (1.5) 0.2 (0.9)

* lower score indicating better performance

Fig. 3 Mean Z-score difference between the recovered (N = 17) and the controls
(N = 50) 
* test scores are reverse scaled
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ment of depressive symptomatology and improvement
on a composite score of change of EF over a period of ap-
proximately two years was found in this sample with
long depression duration.

In our study, there are several arguments in favour of
the view that long-lasting depression does not lead to
cognitive impairment: 1) The significant positive corre-
lation between improvement of depressive symptoma-
tology and improvement of EF. 2) No significant group
difference between the recovered at T2 and the controls.
3) The improvement of the HAM-D accounted for 11 %
of the total variance of the composite scale of EF change.
The amount of variance explained by the group diffe-
rence depressed-controls at T1 was 17.9 % on the com-
posite scale of EF. Because it was not to be expected that
the improvement in EF upon recovery should exceed the
amount of variance explained by the group difference at
baseline, this 11 % gain was a substantial one. At base-
line, the depressed group’s mean test performance was
0.55 SD below that of the healthy controls, and at T2, it
had improved to merely 0.24 SD below it.

However, the failure of the measures that were mostly
sensitive to changes in depressive symptomatology, the
Semantic fluency measure and the inhibition measure
from the Stroop Colour and Word Test, to improve com-
pletely to the level of the controls, is an argument in
favour of the ‘trait’ hypothesis. Because these measures
were still about 0.60 SD below the controls after recov-
ery, they could be markers of permanent depression-as-
sociated changes. Thus, our study gives support to the
model in which changes are ‘state’ related, but it cannot
completely reject the ‘trait’ hypothesis.

The pattern of test improvement in relation to im-
provement of depressive symptomatology was hetero-
geneous with respect to task characteristics, and be-
cause of the low statistical power in our study, we are
careful about drawing conclusions with regard to the
improvement profile. However, it seems like speeded at-
tention-demanding tasks, as represented by the COWAT
Sem, the Stroop C/W, and the PASAT, were more sensi-
tive to depression than the non-speeded problem solv-
ing tasks. This is in line with previous studies that have
claimed that speeded attention is impaired in depres-
sion [11, 13, 16], and that it might return to normal to a
lesser extent than the non-speeded complex set-forming
tasks of the WCST [7, 53].

This is also supported by Paradiso et al. (1997), who
found that remitted patients performed impaired com-
pared to healthy controls on the Stroop C/W, and indi-
rectly by Trichard et al. (1995) who found that patients
improved their scores on the Stroop C/W interference
score (which takes height for the speed component) at
retesting to a level where they did not differ significantly
from controls [42, 53].

As in our study, the COWAT Sem was found to corre-
late with depression improvement in the studies of Be-
blo et al. (1999) and Trichard et al. (1995) [8, 53]. In-
terestingly, improvement in their studies was found after
one month in remission only, which suggests that im-

provement of fluency happens early in the course of re-
covery. The Semantic fluency task can also be seen as a
measure of long-term episodic memory, and because
depression has been shown to be associated with im-
paired memory performance [27, 39, 45], the improve-
ment of this task could be due to an effect of improve-
ment of memory functioning along with depression
recovery.

In our study, there might be several other reasons
than the hypothesised detrimental effect of long-stand-
ing pathology for the failure of the EF to remit totally to
the level of the controls.Firstly, the premorbid level of EF
was not known in the patient sample; therefore we do
not know to what extent it returned to the level it was at
before the onset of the first depressive episode. Subjects
who suffer from depression might already have a dys-
function or vulnerability prior to the index episode
which make their baseline performance different from
and lower than that of healthy controls. In a recent re-
view, Clark et al. referred to the ‘mediating vulnerability
factor’, a model in which a trait impairment is combined
with state modulation [11, 40], and possibly, this model
is relevant in unipolar depression as well. Secondly, the
retested sample in our study was a relatively chronified
one, i. e. with a high number of depressive episodes and
a long total lifetime disease duration, and we have not
been able to control for the probable negative effect of
having had a reduced level of general functioning due to
illness over many years.

Factors that can affect neuropsychological test results
in studies like ours are participants’ features such as
baseline performance, medication, motivation, and test
features such as test-retest reliability, practice effects,
floor-ceiling effects and duration of the test-retest inter-
val [6, 14, 18, 32, 44, 52]. When practice effects are com-
bined with regression to the mean, low scores tend to
show a marked improvement on retesting [2]. A large
correlation (r = 0.52) between the average of the initial
and the final measurement and the observed change in-
dicated that this was the case for the WCST Catc. An-
other weakness of our study is the lack of retesting of the
healthy controls, which might have led to an overesti-
mation of the improvement of the recovered patients,
particularly for the problem solving task, which is easily
subjected to ceiling-effects at retesting [6]. The strength
of our study is the homogeneity of the sample (purely
younger unipolar subjects with recurrent subtype) and
the EF operationalisation. Because the number of con-
struct indicators was increased, we presumed that EF re-
liability increased when our selected EF measures were
summarised into a composite scale. This increase of re-
liability could be the reason why the composite scale of
EF improvement correlated more with the HAM-D im-
provement than what the single EF measures did.

The correlation between the HAM-D change and the
composite scale of EF change was significant in the con-
tinuous approach, but there was not a significant group
difference in the categorical approach.This was to be ex-
pected, as variance in the HAM-D was lost when the
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variable was dichotomised by the introduction of a cut-
off value.We therefore emphasise the significant finding
from the continuous approach in our study more than
we emphasise the finding from the categorical approach.

In conclusion,our study is an argument for the model
in which depression-related changes in executive func-
tion are reversible upon recovery. This is important
knowledge for the patients who experience cognitive
problems while they are depressed, as well as for the
clinicians who are responsible for their treatment. How-
ever, our study fails to completely reject the possibility
of persistent changes. Therefore, the heterogeneity of
cognitive changes displayed in this and other studies
should be investigated further in future studies. In order
to avoid the effect of rest-symptomatology upon cogni-
tive performance, this should be done with follow-up in-
tervals of a long enough duration to ensure that com-
plete recovery has been reached, and with subsamples
that should be homogeneous and well-characterised
with respect to diagnosis and clinical characteristics.
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