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Objective: An important current hypoth-
esis suggests that the relationship be-
tween severe depression and the hippo-
campus is essentially toxic. The purpose
of this study was to assess the generaliz-
ability of the impact of depression on
hippocampal function.

Method: Participants were 8,229 outpa-
tients who 1) fulfilled DSM-IV criteria for
major depressive disorder based on clini-
cal assessment and 2) were tested for de-
layed recall, a memory function that is
particularly related to hippocampal integ-
rity in humans, during two visits several
weeks apart.

Results: As expected, at presentation
with depression, the subjects’ current ill-
ness severity was the major determinant
of performance, as opposed to the inten-
sity of their previous depressive history
(the number and length of past episodes).
However, following clinical response at

the second visit, the length of previous de-
pressive history became more significant
than current symptoms. The following fac-
tors had significant, independent impact:
age, education level, and profession.

Conclusions: Previous studies of small
samples assessed for memory function,
more or less specific to the hippocampus,
have shown great variability in age, gen-
der, education level, and the length and
intensity of depressive episode. Hence, a
very large sample was required to disen-
tangle the central effect of previous de-
pressive history. As demonstrated in a
general practice sample in this study, the
hypothesis that the length of past depres-
sion impairs memory performance is sup-
ported, suggesting that there is a toxic
link between the burden of depression
and cognition. This finding has important
implications for public health.

(Am J Psychiatry 2008; 165:731–739)

It is a widely accepted current hypothesis that the rela-
tionship between severe depression and the hippocampus
is essentially toxic. Hence, the more intense the history of
depression, the smaller the hippocampus. However, there
is currently little evidence to consider this to be a general
effect that is present across the spectrum of depression di-
agnoses, which are regarded as highly heterogeneous. This
is particularly true in primary care, in which there is often
skepticism that depression represents anything more than
normal human distress. Accordingly, we have sought to
provide evidence of the generalizability of depression’s
impact on hippocampal function. A large sample size
would be required to account for many potentially major
confounds, with an assessment that could be repeated be-
fore and after treatment in order to control for the impact
of the acute depressive state and provide a simple assay of
hippocampal function.

The majority of studies linking the hippocampus and
major depressive illness have employed quantitative
structural magnetic resonance imaging (MRI), functional
MRI (fMRI), or positron emission tomography (PET),

methods that are not easy to access in ordinary clinical
practice. However, hippocampal size has usually corre-
lated inversely with illness duration. This was demon-
strated in a chronically depressed sample (1) and in pa-
tients with variable illness durations seen in secondary
care (2). Hippocampal size may also be related to other
measures of illness intensity, such as the number of past
hospitalizations (3) and recurrence of the disorder (4).
Moreover, hippocampal abnormalities have been ob-
served in the early years after illness onset (5). Meta-anal-
yses have confirmed hippocampal volume reduction, and
the total number of depressive episodes may be particu-
larly correlated with right hippocampal volume (6, 7).

The samples in imaging studies have often been rather
small and potentially unrepresentative of the majority of
outpatients with depression. We have been interested in
measures of cognitive function that assay the function of
the hippocampus but are much easier to conduct on a
very large scale in everyday medical care. The choice of
measures can be informed by imaging evidence of funda-
mental hippocampal involvement. Thus, activation of the



732 Am J Psychiatry 165:6, June 2008

TOXIC EFFECTS OF DEPRESSION ON BRAIN FUNCTION

ajp.psychiatryonline.org

hippocampus has been observed with tasks such as word-
stem completion (8–10), success of word retrieval (11–14),
emotional valence (15), and encoding (16–22). Even more
consistent hippocampal activations have been shown in
healthy subjects with a paragraph encoding task (23) that
involves the encoding of complex and integrated informa-
tion, which is hypothesized to be a core role for the hip-
pocampus (24) and classically impaired in patients with
known hippocampal lesions. Thus, there is considerable
evidence to suggest that delayed paragraph recall is par-
ticularly related to hippocampal function in humans (e.g.,
9, 25, 26).

While memory impairment may reasonably be taken to
assay hippocampal function, its relationship to any current
depressive episode has at least two (nonexclusive) aspects.
1) If the characteristics of the present depressive episode
(such as symptom severity) predominate, memory func-
tion is likely to be simply a “state marker,” reflecting the di-
rect cognitive impact of current mood. 2) Alternatively, if
the dominant factor is a lifetime cumulative impact of
mood disorder (such as the total length or number of past
episodes), memory impairment will act as a “trait marker”
of enduring toxic effects of depression on brain function.
In depressed individuals, both would potentially contrib-
ute. In recovered individuals, deficits would most likely re-
flect the enduring brain changes seen with brain imaging.

The present study is of a large sample of outpatients
who fulfilled DSM-IV criteria for major depressive disor-
der and were assessed for memory function during two
visits several weeks apart. We anticipated that some clini-
cal factors, such as mood state markers (the length and se-
verity of current depressive episode), choice of antide-
pressant, and variation of testing methodology in a
nonspecialist setting (as well as other factors such as older
age, lower education level, and unemployment), would
potentially confound the results at both visits. We hypoth-
esized that the length and number of past episodes would
also be involved in correct delayed recall but were much
more likely to be discernible at a second clinic visit after
symptom resolution, when the severity of current depres-
sion would be reduced.

Method

Participants

A list of 4,849 medical doctors were contacted via mail in France
and asked to participate in a short-term follow-up protocol of de-
pressed patients. Of these, 3,375 physicians (69.6%) agreed to par-
ticipate. At least two contacts (usually via telephone) were made to
each participating investigator: at the beginning of the protocol
(in order to ensure that the protocol was clear and to explain how
to assess memory recall) and at the close of trial entry (in order to
verify the data received). By the end of the study, 1,844 clinicians
(38.0%) had included at least one patient (a maximum number of
five patients was requested to avoid center effects), who was fol-
lowed up with a delay of at least 6 weeks between the two visits.
The participating clinicians were experienced (mean age=49.9

years [SD=11.8]), with 7.8% practicing in a hospital, 46.6% in pri-
vate practice, and 45.6% in a group practice.

Clinicians were asked to include consecutive patients for
whom a new (or different) antidepressant had to be prescribed for
a major depressive episode. In addition, the patients were re-
quired to be older than 18 years, speak fluent French, possess a
social security number, and give informed consent. Patients had
to be included by their clinicians during a 3-month interval. After
complete description of the study was given to the subjects, writ-
ten informed consent was obtained. A total of 9,515 patients were
included in the study.

Exclusion criteria were a diagnosis of bipolar disorder and the
use of a mood stabilizer during treatment. All antidepressants (in
accordance with the French Food and Drug Administration) were
accepted in order to reflect usual clinical practice. Any change of
antidepressant, an increase in the dosage, or the addition of a
benzodiazepine was recorded at the second visit.

Instruments

The Hospital Anxiety and Depression Scale was chosen as a self-
report instrument to measure symptom severity because of its ra-
pidity and simplicity of rating. The scale was completed by all pa-
tients at the first and second visits. A score above 8 for the depres-
sion domain was required as an inclusion criterion. Hospital
Anxiety and Depression Scale anxiety scores (score above 8 also re-
quired for inclusion) were analyzed separately because anxiety
may also have an impact on hippocampal volumes, according to
animal models (27, 28) as well as studies in humans (29).

The criteria for a major depressive episode were examined by
the clinician, and the duration of each symptom was recorded
during the two face-to-face visits. The presence of five or more
symptoms (i.e., a DSM-IV diagnosis of major depressive disorder)
was required for inclusion. The initial assessment also included
the number of past depressive episodes, either treated or not
treated with an antidepressant, and the cumulative length of past
mood disorder.

The delayed paragraph recall index from the Wechsler Memory
Scale—Revised (30) was employed as a valid (8), sensitive (31, 32)
measure of verbal declarative memory and a surrogate marker of
hippocampal function. This subtest was administered according
to the standardized protocol outlined in the Wechsler Memory
Scale–Revised Manual (1987). A different story at each visit was
read aloud to the subject by the clinician. After hearing the story,
the subject was asked to repeat it using as many of the same
words as he or she could recall from memory. One point was given
for each verbatim or acceptable alternative response phrase. After
at least a 10-minute delay (when the subject was distracted to
complete the Hospital Anxiety and Depression Scale and provide
other information), the subject was asked to recall the story again.
The clinician tabulated the scores for each story as well as the to-
tal score for the immediate and delayed trials.

The existence of a practice effect was indirectly assessed in the
subgroup of patients with identical levels of depression at both
visits (the same Hospital Anxiety and Depression Scale global
scores and number of DSM-IV symptoms of major depressive ep-
isodes). In this subgroup of 33 patients, the difference between
the number of correct delayed recall responses for the two visits
(mean=0.029 [SD=3.6967]) was not significantly different from 0
(t=0.046, p=0.963).

The level of memory impairment can be stratified according to
the original description by Russel (33), who suggested that de-
layed recall can be classified, out of the initial 25 elements, as fol-
lows: 24 to 25=“better than normal,” 20 to 23=“normal,” 15 to 19=
“mild,” 9 to 14=“mild to moderate,” 4 to 8=“moderate to severe,”
and 0 to 3=“severe.” An age-corrected standard score can be com-
puted on the basis of the Wechsler delayed paragraph recall in-
dex, but we preferred to treat age as one of several potential con-
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founding factors in our analysis. Nevertheless, age-corrected
versus age-uncorrected scores of the Russel classification were
very similar and identified the same group three standard devia-
tions below the mean (kappa=0.829, var[kappa]<0.001).

Statistics

Variables were examined for the normality of distribution be-
fore using parametric statistics. Given the sample size, rejection
of a normal distribution (Kolmogorov-Smirnov test) for the fac-
tors analyzed was expected for all variables. However, even if sig-
nificantly different from 0 (p<0.001), the statistic was small for
major covariables such as age (0.048), Hospital Anxiety and De-
pression Scale depression score at visit 1 (0.085) and visit 2
(0.057), Hospital Anxiety and Depression Scale anxiety score at
visit 1 (0.075) and visit 2 (0.089), and the number of correct de-
layed recall responses at visit 1 (0.076) and visit 2 (0.073). A graph-
ical appreciation was used to assess the normality of distribution
of delayed recall (at the first and second visits). Thus, Q-Q (quan-
tile) plots showing that dependent variables were close enough to
the normal distribution were created.

Parametric correlation (Pearson test) was used to compare two
continuous variables, and analysis of variance was used to ana-
lyze the role of a qualitative factor to explain continuous parame-
ters. Since some parameters directly influenced correct recall in
our sample (such as age and Hospital Anxiety and Depression
Scale scores), we further analyzed the correlation between the
number of potential recall responses and past episodes (their
nonindependence being our main hypothesis) in different
ranges.

Structural equation modeling was used on the basis of SPSS
and SAS PROC CALIS to disentangle the respective role of clus-
tered variables, including state-dependent variables (such as the
number of symptoms and Hospital Anxiety and Depression Scale
scores) and state-independent variables (such as the total length
of depressive history and number of past major depressive epi-
sodes) (34).

Patients with “severe” impairment (according to the Russel [33]
classification) are at higher risk of neurological defects, and thus
structural equation modeling analyses at the first and second vis-
its were conducted, omitting this subgroup of patients. A further

structural equation modeling analysis separated anxiety and de-
pression scores on the Hospital Anxiety and Depression Scale and
omitted the number of DSM-IV symptoms in order to avoid rein-
forcing the role of depression versus anxiety.

Last, we further investigated our main finding, the relationship
between delayed recall and the number of past major depressive
episodes in patients with treatment response, using a linear re-
gression analysis.

Results

Sample

A total of 9,515 depressed patients entered the study. The
final sample for analysis consisted of 8,229 patients
(86.48%). Subjects were excluded if the Hospital Anxiety
and Depression Scale score was below 8 for depression or
anxiety (644 patients) or data characterizing the patient
were not correctly or completely saved. The subsample of
subjects excluded 1) had fewer DSM-IV symptoms of de-
pression (t=4.25, df=9512, p<0.0001); 2) had a shorter length
of the present episode (t=2.15, df=6798, p=0.0159); 3) were
more frequently men (χ2=172.9, df=8, p<0.0001); and 4) had
better final Hospital Anxiety and Depression Scale scores
for depression (t=3.974, df=9512, p<0.0001) and anxiety (t=
5.212, df=9512, p<0.0001), and thus they were more fre-
quently responders (χ2=3.71, df=1, p=0.0124).

Women comprised 70.37% of the final sample, and the
average age of the sample was 48.02 years (SD=14.09). In
this population, 1,115 patients were 65 years old or older,
and 407 patients were over 75 years old. Civil status among
these patients was as follows: married, 48.37%; single,
15.41%; divorced, 15.57%; and widowed, 7.31%. Education
levels (middle=high school graduate) were as follows: low,
49.10%; middle, 30.06%; and high, 20.84%. Employment
status was as follows: active employment, 57.86%; unem-

TABLE 1. Clinical and Cognitive Characteristics of Patients With Major Depressive Disorder Before and After Antidepressant
Treatment

Characteristic

Assessment

AnalysisVisit 1 Visit 2

Mean SD Mean SD t df p
Number of DSM-IV criteria for depression 6.62 1.14 3.25 1.77 142.86 16, 456 <0.0001
Hospital Anxiety and Depression Scale score for depression 14.62 3.24 9.94 4.22 79.83 16, 456 <0.0001
Hospital Anxiety and Depression Scale score for anxiety 14.12 3.01 8.92 3.40 103.86 16, 456 <0.0001
Number of correct delayed recall responses 9.98 4.57 12.04 4.85 27.63 16, 456 <0.0001

TABLE 2. Level of Memory Impairment for Delayed Recall in Patients With Major Depressive Disorder Before Visit 1 and 6
Weeks After Antidepressant Treatment (visit 2)a

Classification

Assessment

Visit 1 (N=8,221) Visit 2 (N=8,221) Visit 2 Responders (N=1,895)b

N % N % N %
Better than normal (24–25 elements) 19 0.24 74 0.93 26 1.37
Normal (20–23 elements) 180 2.25 520 6.52 162 8.55
Mild (15–19 elements) 1,239 15.47 1,961 24.61 554 29.23
Mild to moderate (9–14 elements) 3,267 40.80 3,279 41.13 754 39.79
Moderate to severe (4–8 elements) 2,793 34.88 1,979 24.82 340 17.94
Severe (0–3 elements) 510 6.37 160 2.01 14 0.74
a According to Russel classification (33).
b Subsample of patients after 6 weeks of treatment who had treatment response (i.e., at least a 50% decrease of their initial Hospital Anxiety

and Depression Scale score for depression and less than five diagnostic criteria).



734 Am J Psychiatry 165:6, June 2008

TOXIC EFFECTS OF DEPRESSION ON BRAIN FUNCTION

ajp.psychiatryonline.org

ployed, 12.43%; retired, 19.07%; student, 0.11%; and an-
other type of professional activity, 10.53%.

The Hospital Anxiety and Depression Scale score for de-
pression was below 11 in only 10.48% of patients. The du-
ration of current major depressive episode was on average
8.37 weeks (SD=10.84). Among the patients, 18.38% ful-
filled five DSM-IV criteria for depression, 31.82% fulfilled
six criteria, 27.76% fulfilled seven criteria, 15.44% fulfilled
eight criteria, and 6.60% fulfilled nine criteria (Table 1).
This was the first episode of depression for 49.64% of pa-
tients, the second episode for 25.30%, the third episode for
6.05%, and between the fourth and 13th episode for the re-
maining patients (4.67%). The length of unipolar depres-
sion, except the present episode, was on average 12.55
weeks (SD=34.91), and the lifetime duration (or number of
weeks depressed) was 21.23 weeks (SD=33.91).

The second visit was on average 42 days (SD=8.93) after
the first visit (between 3 and 20 weeks). At the second visit,
the number of depressive symptoms from the list of DSM-
IV criteria decreased (Table 1). According to these criteria,
76.39% of patients no longer fulfilled the diagnosis of ma-
jor depressive episode (i.e., fulfilled less than five criteria).
According to Hospital Anxiety and Depression Scale self-
rating, 76.44% of patients were responders (i.e., patients
who had at least a 50% decrease of the depression score
between the two visits).

The number of correct answers for immediate recall of
the Weschler paragraph recall index tested at the first visit
was between one and 24, with an average of 11.75 appro-
priate answers (SD=4.72) (see the table in the data supple-
ment accompanying the online version of this article). The
delay between immediate and delayed recall was on aver-
age 14.15 minutes (SD=7.73; range=5–56). Accordingly, the
delay between immediate and delayed recall was intro-
duced into multivariate analyses, as was the delay be-
tween the first and second visits. The patients recalled ap-
proximately 10 correct details of the paragraph (i.e.,
85.89% of the initial immediate recall) (Table 1).

During the second visit, a global improvement of imme-
diate recall was observed (13.24 correct answers; [SD=

4.79; range=1–24]) (see the table in the data supplement
accompanying the online version of this article). On aver-
age, 13.58 minutes later (SD=7.32; range=5–65), delayed
recall was correct for approximately 12 items (Table 1).

The level of memory impairment at both visits as well as
in the sample of patients with treatment response at the
second visit is detailed in Table 2.

Benzodiazepines were prescribed for 52.51% of pa-
tients, but treatment was unchanged during the entire ob-
servation period for 90.73% of patients (reflecting the
short delay between the first and second visits), and the
dosage was fixed for the vast majority of patients (93.30%).
Nevertheless, coprescription of benzodiazepines was in-
cluded in the analyses as a potential confound.

At the initial visit, the 8,229 patients who had a Hospital
Anxiety and Depression Scale score above 8 for both de-
pression and anxiety and who fulfilled DSM-IV criteria for
major depressive disorder according to the clinician were
tested for paragraph delayed recall.

The relationship between the main variables at the first
visit is presented as uncorrected correlations to aid in un-
derstanding of the data structure. The number of correct
responses was significantly correlated with the following
(Table 3): younger age, higher education level, presence of
professional activity, marital status (positive correlation),
number of DSM-IV symptoms of depression, Hospital Anx-
iety and Depression Scale scores for depression and anxiety,
and number of past episodes (negative correlation)
(p<0.001). A significant but weaker negative correlation was
shown for the total length of depressive episodes (p<0.012).
Gender, delay between the first and second visits, and the
time between immediate and delayed recall were not pre-
dictive of the number of correct delayed recall responses.
When the role of depression and anxiety scores of the Hos-
pital Anxiety and Depression Scale were analyzed sepa-
rately, depression was significantly correlated with the
number of correct delayed recall responses (r=–0.125,
p<0.001), whereas anxiety was not (r=–0.016, p=0.579).

To account for the existence of different clusters of vari-
ables influencing the number of correct responses for

TABLE 3. Association of Correct Delayed Recall Responses With Different Characteristics in the Final Sample of Patients (N=
8,229) With Major Depressive Disorder

Characteristic
Association With the Number of Correct Delayed Recall 

Responses
r (df=8, 227) p

Number of DSM-IV criteria for symptoms of depression at inclusion –0.076 <0.001
Length of present depressive episode –0.010 0.442
Number of past depressive episodes –0.056 <0.001
Total length of depressive illness –0.032 0.011
Age –0.016 <0.001
Education level 0.171 <0.001
Hospital Anxiety and Depression Scale score for depression –0.146 <0.001
Hospital Anxiety and Depression Scale score for anxiety –0.059 <0.001
Delay between visit 1 and visit 2 –0.013 0.229
Number of minutes before delayed recall –0.004 0.712

F (df=1, 8227) p
Gender 0.587 0.556
Marital status 15.384 <0.001
Professional activity 46.729 <0.001
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paragraph delayed recall, structural equation modeling
was performed. At the first visit, mood-state dependent
variables had the largest effect on the number of correct
delayed recall responses, together with smaller effects of
age and level of education (Figure 1). In contrast, the
length and number of past episodes of major depression
were noncontributory (Figure 1).

The model fit was good, since the upper portion of the
95% confidence interval of the root mean square error of ap-
proximation was smaller than 0.05 (0.0436) and the Bentler
and Bonnet normed fit index was higher than 0.95 (0.974).

Given the changes in mood and cognitive performance
at the second visit, we predicted that the role of past epi-
sodes in the second analysis would be strengthened in the
subsample of patients who most fully responded. A corre-
lation between the number of past episodes and the num-
ber of correct delayed recall responses for the final sample
of analysis (N=8,229) was observed (r=–0.063, p<0.001)
and was more notable in younger patients (Table 4). More
precisely, among those 1,895 patients whose Hospital Anx-

iety and Depression Scale depression score decreased by
50% at the second visit and who had less than five diag-
nostic criteria, the structural equation modeling showed
that the number of past episodes and total length of major
depressive disorder constituted a cluster that was signifi-
cantly correlated with the number of correct delayed recall
responses (Figure 2). Thus, there was a significant rela-
tionship between past depression and memory perfor-
mance as proposed in our hypothesis. Moreover, the path
coefficient for the past depression cluster was substan-
tially higher than the path coefficient observed between
mood-dependent parameters (constituting the other clus-
ter) (Figure 2). None of the Hospital Anxiety and Depres-
sion Scale scores for depression and anxiety (omitting the
mood-state cluster) were significantly correlated with the
number of correct delayed recall responses (r=–0.052, p=
0.067; r=–0.016, p=0.579, respectively).

Again, the model fit was good, with the upper portion of
the 95% confidence interval of the root mean square error
of approximation equal to 0.0301 and the Bentler and
Bonnet normed fit index equal to 0.977. As expected, age
and education remained contributory.

We then used a linear regression analysis to examine
whether the correlation between the number of correct
delayed recall responses and the number of past major de-
pressive episodes was greater at the second visit relative to
the first visit. The three most important variables that were
significantly correlated with the number of correct de-
layed recall responses were 1) the visit number (visit 1 ver-
sus visit 2; F=10,400, df=15, 286, p<0.001), 2) the number of
past depressive episodes (F=34.71, df=15, 286, p<0.001),
and 3) the interaction between the former and latter vari-
ables (F=32.28, df=15, 286, p<0.001). Age, gender, educa-
tion, and Hospital Anxiety and Depression Scale score for
depression were also significantly correlated (F>6.91, df=
15, 286, p<0.009).

Finally, at the first visit we examined the sample of pa-
tients who were in remission at the time of the second
visit. This allowed us to analyze whether the significant
role of the total length of mood disorder and number of
past episodes detected in the 1,895 patients who were in
remission at the second visit was obscured by current de-

FIGURE 1. Structural Equation Model Accounting for the
Number of Correct Delayed Recall Responses in 8,229 Pa-
tients With Major Depressive Disordera

a The numbers are correlation coefficients (statistically different from
0). The following two clusters were proposed according to the initial
hypothesis: 1) a cluster of trait variables (F1=depression history) re-
lated to the cumulative length of the time of depressive episodes
and the number of past major depressive episodes and 2) a cluster
of state-dependent variables (F2=mood-state cluster) related to the
severity of the depressive state at the initial visit, relating the num-
ber of depressive symptoms and Hospital Anxiety and Depression
Scale scores for both depression and anxiety. All explanatory vari-
ables (depression history, mood state, age, and education) are
freely correlated and therefore related by arrows. At the first visit,
the mood-state cluster was much more important than the depres-
sion history cluster.

∗p<0.05.

Number of
correct

delayed recall
responses 

Age

Education

Number of
depressive
symptoms
at visit 1

Score for depression
on Hospital Anxiety

and Depression
Scale at visit 1

Score for anxiety 
on Hospital Anxiety

and Depression 
Scale at visit 1

Number of
episodes

Total length

Profession Marital status

Benzodiazepines

F1=
Depression 

history 
F2=

Mood-state
cluster

0.042*

–0.165* –0.010 0.779*

0.631

0.569* 0.616*
0.574

–0.119* 0.021

0.125*

0.008

TABLE 4. Correlation Between the Number of Past Major
Depressive Episodes and the Number of Correct Delayed
Recall Responses According to Age in the Final Sample of
Patients (N=8,229) After 6 Weeks of Antidepressant Treat-
ment (visit 2)

Age
Number of 

Patients

Analysis

r p
18–31 933 –0.105 0.002
32–37 1,032 –0.076 0.016
38–42 1,175 –0.053 0.071
43–47 1,067 –0.064 0.040
48–51 923 –0.023 0.502
52–56 1,045 –0.051 0.103
57–65 1,035 –0.030 0.347
66–97 1,020 –0.018 0.568
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pression at the first visit. The structural equation model-
ing showed that the number of past episodes and total
length of major depressive disorder constituted a cluster
that was no longer significantly correlated with the num-
ber of correct delayed recall responses (r=–0.019, p=0.59),
whereas the mood-state dependent variable was signifi-
cantly predictive (r=–0.249, p<0.001). Age (r=–0.121,
p<0.001) and education level (r=0.118, p<0.001) were also
contributory, and the model fit was satisfying, with the up-
per portion of the 95% confidence interval of the root
mean square error of approximation equal to 0.023 and
the Bentler and Bonnet normed fit index equal to 0.972.

Omitting 510 patients at the first visit and 160 patients at
the second visit (Table 2) who were classified as having “se-
vere” impairment did not significantly change the results
(the state cluster was correlated [r=–128, p<0.001] with the
number of correct delayed recall responses at the first visit,

but the trait cluster was not [r=–0.016, p=0.185], whereas
the state cluster was not correlated [r=–0.035, p=0.163]
with the number of correct delayed recall responses at the
second visit, but the trait cluster was correlated [r=–0.123,
p<0.001]). Therefore, the initial results shown in Figure 1
and Figure 2 reflect a general effect and were not unduly
influenced by the “severe” impairment group.

Discussion

Memory function was critically influenced by a range of
clinical variables in a very large sample of outpatients with
major depressive disorder. At presentation with depres-
sion, current illness severity was an important determi-
nant of performance, while the intensity of previous de-
pressive history (the number and length of past episodes)
was not. At the follow-up and after significant clinical re-
sponse, the intensity of previous depressive history was
more significant than current symptoms. Inevitably, age,
education level, and profession had significant impact, re-
gardless of the subsample and stage of testing.

The present study is uniquely large. It therefore permits
generalization of conclusions pertaining to memory func-
tion previously proposed from much smaller, more inten-
sively studied samples of often more severely ill patients.
The findings support the hypothesis that the intensity of
past depression contributes to the impairment of memory
performance when patients are recovered. This effect was
most notable in younger patients, and it is difficult to deter-
mine whether this is because the reporting of previous de-
pression is more accurate among patients of younger age
groups or because other factors are more significant in
older patients. It is also noteworthy that the effects of illness
intensity were differentiated in patients who showed the
most complete clinical response. The contribution in par-
tial responders or chronically depressed individuals may be

FIGURE 2. Structural Equation Model Accounting for the
Number of Correct Delayed Recall Responses in Patients
After 6 Weeks of Successful Antidepressant Treatment for
Major Depressive Disordera

a Patients had a Hospital Anxiety and Depression Scale score for de-
pression below 11. The numbers are correlation coefficients (statis-
tically different from 0). The following two clusters were proposed
according to the initial hypothesis: 1) a cluster of trait variables
(F1=depression history) related to the cumulative length of time of
depressive episodes and the number of past major depressive epi-
sodes and 2) a cluster of state-dependent variables (F2=mood-state
cluster) related to the severity of the depressive state at the initial
visit, relating the number of depressive symptoms and Hospital
Anxiety and Depression Scale scores for both depression and anxi-
ety. All explanatory variables (depression history, mood state, age,
and education) are freely correlated and therefore related by ar-
rows. At the second visit, the mood-state cluster was much less im-
portant than past depression history. Thus, past depression history
was not a significant predictor of memory function.

∗p<0.05.
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FIGURE 3. Number of Correct Delayed Recall Responses at
the Second Visit According to the Number of Previous De-
pressive Episodes in Patients With Major Depressive Disorder
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greater, but this is difficult to estimate because they are al-
ways confounded by ongoing symptoms of depression.

There are several limitations to this study that should be
acknowledged. First, the delayed recall was assessed by in-
formed but untrained clinicians. The Wechsler paragraph
recall index belongs to a package that usually requires spe-
cific training, and the quality of assessment is an impor-
tant factor, especially in depressed patients in whom mo-
tivation and concentration are decreased. (On the other
hand, the clinicians were unbiased and indifferent to our
primary hypothesis, which are advantages. Moreover, the
impact of trait markers of depression upon delayed mem-
ory was large enough to be detected, even in an informal
clinical setting.) Second, associated neurological defects,
such as dementia, may affect memory functions indepen-
dent of the impact of depression. While not specifically ex-
cluded at screening, omitting patients with severe mem-
ory impairments did not alter our findings.

The majority of previous studies of paragraph delayed
recall focused on geriatric depression (35, 36), since the
cognitive impact of mood disorder is believed to be more
important in this population (37). Nevertheless, associa-
tions have been found between depression and cognitive
function related to the hippocampus in young (38) and
middle-aged (39) patients as well. Age, gender, education
level, length and intensity of depressive episode, and ill-
ness may be relatively interrelated, and thus a large sam-
ple is needed to disentangle the central effects. There are
other potential concerns. Two out of three studies have re-
lied on elderly patients, in whom remission frequently
takes longer to attain (40). Low quality of remission has a
direct impact on motivation and many cognitive func-
tions, which interferes with the assessment of delayed re-
call. The adverse impact of antidepressant treatments on
memory is also an inevitable confounder in most studies
but is usually found to be modest in effect size (28, 37, 38).

The present results are comparable with one of only a
few follow-up studies focusing on hippocampal volume
changes during and after a major depressive episode (39).
In the study conducted by Bremner et al., no significant
difference was observed between depressed patients and
comparison subjects at baseline, but at the 1-year follow-
up, a subgroup of nonremitting patients had smaller hip-
pocampal volumes relative to comparison subjects and
remitting patients. Atrophy of the hippocampus is one of
the most consistent imaging findings in major depressive
disorder. This has highlighted the potential role of physio-
logical stress as a core mediating factor (often assuming a
neurotoxic effect of cortisol on the hippocampus) and has
emphasized the need for antidepressant treatments that
might prevent or even reverse hippocampal atrophy (41).
The toxicity of stress on the hippocampus may depend on
the period of time depressed, with an effect size that re-
mains to be assessed. Large effect sizes may be observed
when analyses are based on the direct measurement of the

hippocampus with MRI in severely ill patients with a vari-
able length of mood disorder (2).

Our hypothesis proposed that depression is directly in-
volved in hippocampal atrophy. However, it is possible
that anxiety plays a role in influencing limbic anatomy.
Such an effect could be independent from the impact of
depression (28) or reversed relative to (27, 29) the impact
of depression. Anxiety and depression are highly intercon-
nected dimensions in our sample, and therefore it is of in-
terest that depressive symptoms seemed to have the dom-
inant effect on delayed recall at the initial visit. However,
we studied major depressive episodes, and thus the possi-
bility that anxiety disorders have specific implications for
memory function cannot be excluded.

We expressed the detected association between depres-
sion and hippocampal atrophy in a statistical model that
takes into account the contributions of many factors to
the observed effects. The strong statistical significance of
these factors reflects sample size rather than the magni-
tude of the effect of any individual factor. However, if the
impact of repeated episodes of major depression is ex-
pressed as an effect size, we can argue that memory per-
formance is impaired by 2%–3% for each previous depres-
sive episode up to four episodes (Figure 3). This ignores

Patient Perspective

“Mr. X,” a 57-year-old divorced man who worked as a 

driver, was depressed for 4½ months and decided to visit 

his general practitioner primarily because of fatigue, 

insomnia, and sadness. These symptoms reminded him 

of a 6-month depressive episode that he experienced 13 

years prior, which was successfully treated by a selective 

serotonin reuptake inhibitor. The general practitioner 

made the diagnosis of major depressive episode, with a 

Hospital Anxiety and Depression Scale score of 28. The 

patient agreed to participate in the present protocol. He 

was asked to concentrate on the following story and to 

remember as many details as possible: “Miss Anne 

Boiron, from the 20th arrondissement of Paris, a cook in 

a school canteen, went to the police close to a City Hall 

to report that she had been attacked in the street the 

preceding night and that she was robbed of 30 euros. As 

the rent was unpaid and she had four young children 

going hungry, the policeman was moved by the story of 

this lady and organized a collection for her.” Of the 24 

items of detail in this story, Mr. X was able to directly 

quote eight. Ten minutes after completing the Hospital 

Anxiety and Depression Scale, he could recollect only five 

items of detail from the story.

Six weeks later, the patient’s Hospital Anxiety and 

Depression Scale score decreased to 17. When asked to 

remember a story containing exactly the same number 

of items but on a different topic, he could immediately 

remember 12 items. After a delay of 10 minutes, he 

could recall 10 items of detail.
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other potentially correlated variables, but it captures an
important clinical reality.

Our findings may have important public health implica-
tions. We conclude that frequent, long, or chronic states of
depression have impairing effects on brain function. Ther-
apeutically, there may be advantages in early treatment,
for a sufficient period, and in not tolerating chronicity or
even partial remission. Failure to treat adequately may im-
pair the global outcome of major depressive disorder be-
cause brain recovery may be incomplete. The existence of
even small cognitive effects has important implications
pertaining to how we feel about depression in the general
population. There is a current tendency to demean the
significance of depressive symptoms as evidence of dis-
tress rather than illness. We would not seek to dispute the
distress, but our data support the hypothesis that recur-
rent or prolonged depression has effects on the brain that
make it a significant and disabling illness.
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