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Introduction

Major depressive disorder (MDD) is associated with deficits in
memory function. Of the discrete memory domains, recollec-
tion memory is the most impacted in patients with MDD. Dys-
function of effortful encoding and inefficiencies in the retrieval
of specific facts or events appear to be part of a broad cognitive
impairment that does not remit when a patient attains eu-
thymia. Such deficits are considered reflective of disruptions in
the functional networks that underlie depression and, more
specifically, indicative of hippocampal involvement.
Hippocampal volume changes in patients with MDD have

been extensively examined using magnetic resonance imag-
ing (MRI), and most of the evidence identifies smaller hip-
pocampal volumes in depressed patients compared with
healthy controls.1 Despite the large number of anatomic MRI
studies in patients with MDD, there is a striking paucity of
research using functional imaging methods to study hip-
pocampal function in patients with MDD. Only recently, one
associative memory study2 failed to specifically show the in-
volvement of the hippocampus, and instead noted activation
changes in a number of other regions of the brain associated
with memory. These findings contrast with those of a second
recent study that solely examined the encoding period and
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Background: Impairment of recollection memory is consistently reported in patients with major depressive disorder (MDD) and may re-
flect underlying functional hippocampal changes, particularly in those with extensive histories of illness. We hypothesized that relative to
controls, patients with a protracted course of illness would show diminished hippocampal activation on functional magnetic resonance
imaging (fMRI) during a recollection memory task. Methods: Patients who experienced 3 or more previously treated depressive
episodes were compared with age- and sex-matched controls. We acquired fMRI data while participants performed a recollection mem-
ory process dissociation task. Results: Using bilateral regions of interest (ROIs) prescribed for the right and left  hippocampal/
parahippocampal complex, we observed increased activation of the right hippocampal and left parahippocampal gyrus in controls com-
pared with patients with MDD during recollection memory trials. Within-group comparisons revealed heightened engagement of the
 hippocampal head (R/L) for controls during recollection trials, and greater activation of the hippocampal body/tail (R/L) during the learn-
list encoding period in both the MDD and control groups. Recollection memory performance was significantly correlated with changes in
blood oxygen level–dependent signal during recollection trials in the ROIs of the right hippocampus and right hippocampal head.
 Limitations: This study was limited by the inclusion of patients taking antidepressant medication, raising the possibility that the reported
findings were treatment effects. Conclusion: The findings of decreased recruitment of the right hippocampal and left parahippocampal
gyrus in patients with MDD suggest that these regions may be sensitive to the impact of disease burden and repeated episodes of MDD.
This attenuated activation may represent stable changes in hippocampal function that occur over the course of illness in patients with
MDD. The findings from within-group comparisons show that the group differences in the activation of the right hippocampal head were
driven by greater engagement of this region among controls during recollection memory performance. These results also associate rec-
ollection performance impairments in patients with MDD with diminished hippocampal engagement.
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identified hippocampal irregularities during an associative
memory task in a small group of patients.3

Broadly surveying functional imaging studies in the psychi-
atric literature, only recently has hippocampal function been
examined using functional magnetic resonance imaging
(fMRI) in patients with disorders such as posttraumatic stress
disorder (PTSD)4–6 or anxiety.7 Even in patients with schizo-
phrenia, in whom there are clear disruptions of functional net-
works involving the temporal lobes, hippocampal function
has been explored in only a handful of studies.8,9,10 Few data
have emerged from the extant studies using fMRI methods to
examine hippocampal function in patients with psychiatric ill-
nesses describing the effect of course of illness or relevant clin-
ical variables on determining hippocampal function during
memory tasks.
Chronicity of illness may have an important role in deter-

mining hippocampal function in patients with MDD; volu-
metric differences have been most consistently reported for
patients who are older (reviewed by McKinnon and col-
leagues1 and by Eker and Gonul11) and those who have ex -
peri enced multiple previous episodes of depression.12,13 In the
early stages of illness, hippocampal volume loss is not appar-
ent, as studies have failed to identify this finding in first-
episode patients in the absence of other risk factors, such as
an early history of abuse or trauma. To date, few studies of
patients with MDD have examined the impact of illness bur-
den on hippocampal function. The goal of this study, there-
fore, was to use fMRI to examine hippocampal activation
during a declarative memory task in a subset of patients with
a known extensive history of illness.
The recollection memory process dissociation task from a

previously described protocol14,15 was adapted for scanning.
The process dissociation task was selected as it has been
shown to distinguish recollection memory (hippocampus-
 dependent) from habit memory (hippocampus-independent)
capacities16 and because it has been studied extensively
in nonpsychiatric populations.17,18 We hypothesized that
 depressed patients would show deficits on hippocampus-
 dependent memory trials in comparison to healthy age- and
sex-matched controls.

Methods

Participant selection

We recruited patients with MDD from the Mood Disorders
Program at St. Joseph’s Centre for Mountain Health Services
in Hamilton, Ont., and a group of controls were recruited
from the community and group-matched based on age and
sex. Patients with a history of head injury, neurologic illness,
alcohol or substance abuse, electroconvulsive therapy or
transcranial magnetic stimulation within the last 2 years were
excluded from the study. Healthy controls were free from
medication and had no current symptoms or history of a
mental health disorder. A psychiatrist confirmed a primary
diagnosis of nonpsychotic, unipolar MDD according to DSM-
IV criteria,19 supplemented with a Structured Clinical Inter-
view for DSM-IV.20 The MDD group comprised individuals

who had extensive illness histories, having experienced 3 or
more previous depressive episodes and/or an illness dura-
tion of 5 of more years. Psychiatric symptoms were assessed
immediately before scanning using the Beck Depression In-
ventory (BDI)21 and the Hamilton Rating Scale for Depression
(HAM-D).22 The Research Ethics Board of St. Joseph’s Health-
care Hamilton approved this study, and all participants gave
informed consent.
An index of medication load was calculated for each pa-

tient with MDD according to a previously established ap-
proach.23–26 Each antidepressant, anticonvulsant and anxi-
olytic medication and lithium were coded as no-dose, 1 and 2
for low doses, and 3 and 4 for high doses according to the
 rating system by Sackeim.23 Antipsychotics were converted to
chlorpromazine hydrochloride dose equivalents27 and coded
as no-dose, below the ED50 (effective dose-50; coded 1) or
above the ED50 level (coded 2). A composite measure of med-
ication load for each patient was produced by summing all
individual codes across all medication categories. 

Process dissociation task

Participants completed the recollection memory process dis-
sociation task, adapted for scanning from the previously de-
scribed protocol (Fig. 1).14,15 Prior to scanning, the participants
were trained on a series of stimulus word pairs. The pairs
consisted of a single word prime (e.g., barn) matched with
2 possible associative pairs (e.g., yard or farm). The battery of
word pairs consisted of 18 primes, each with 2 associated
word pairs (see Appendix 1, available at www.cma.ca/jpn,
for the full list). For each set of words in the series, 1 pair
(e.g., barn farm) was presented at a higher frequency during
training to produce habit memory for that pairing (e.g., barn
yard appeared as the correct response in 67% of the trials,
whereas the other choice, barn farm, appeared as the correct
response 33% of the time). This was done to generate habit
associations with the higher-frequency word pair. The par -
ticular word combinations presented as either high- or low-
 frequency pairs were equally distributed across all partici-
pants. Inside the scanner, participants were presented with
11-item word lists to be studied that were made up of habit
word pairings and recollection word pairings (the low-
 frequency trained items). A total of 17 study lists were pre-
sented across 5 fMRI scans. Each study list contained 6 habit
word pairs (high-frequency word match) and 3 recollection
word pairs (low-frequency word match). We instructed par-
ticipants to read the word pairs and remember them for the
following memory test. Complete word pairs appeared on
the screen for 1 second followed by a fixation point shown on
the screen for 0.5 seconds before the next word pair. After the
study list, a brief mathematical distractor task was presented.
In the memory test list, participants were shown 11 word +
word fragment combinations (e.g., barn _ar_) consisting of
the 6 habit word pairs and 3 recollection word pairs from the
study list. In addition, 2 word pairs that were not included in
the study list were presented to assess a participant’s ten-
dency to guess (nonitem trials). Participants were instructed
to respond verbally and complete the word fragments with



the words on the immediately preceding study list or to pro-
vide their best guess if they could not remember which word
was presented in the study list. The paradigm was delivered
as an event-related design with jittered interstimulus inter-
vals with periods of 3, 6 or 12 seconds of a fixation point be-
tween test list items. This portion of the experiment was bro-
ken into 5 scan runs. With a total of 17 study lists/memory
test series, participants were tested on a total of 102 habit
 trials, 51 recollection items and 34 nonitems. We obtained
recollection scores by subtracting the recollection trial (when
study-list pairs were the same as the low-frequency pair dur-
ing training) probability from the habit trial (where study-
list pairs were the same as the high-frequency pair during
training) probability. An estimate of habit memory is ob-
tained by the formula habit = low- frequency probability ÷
(1 – recollection).28

Image acquisition

The imaging session lasted about 1 hour and involved the ac-
quisition of a scout image, 5 fMRI scans (as participants com-
pleted the process dissociation task) and 1 T1-weighted
anatomic scan. Imaging was performed using a 3-T General
Electric MRI scanner. Functional images were prescribed by
visualizing the head of the hippocampus in the sagittal plane
of the scout image, and then prescribed axially by centering
the seventh slice of 13 axial slices on the head of the left hip-
pocampus. We acquired blood oxygen level–dependent
(BOLD) images with a temporal resolution of 3 seconds using
an echo planar pulse sequence (echo time [TE] 43 ms, repeti-

tion time [TR] 3000 ms, matrix 128 × 64, flip angle 90°, 3-mm
slice thickness). A 3-second gap in the scan sequence was
built in after each TR, producing a silent period (no scanner
noises) during which the participant could respond verbally.
All verbal responses were recorded using an MR- compatible
microphone fixed to the headcoil and connected to a Pana-
sonic voice recorder located outside of the scanner. Stimuli
were presented according to an event-related design with a jit-
tered stimulus presentation. We obtained an anatomic scan in
the sagittal orientation after the fMRI procedures. The scan-
ning parameters for the anatomical image series were 
3-dimensional (3-D) inversion recovery prepped, fast spoiled
gradient recalled (SPGR) pulse sequence, sagittal plane, TR
10.8 ms, TE 2 ms, inversion time [TI] 400 ms, flip angle 20°,
matrix 256 × 256, field of view [FOV] 24, slice thickness
1 mm, no skip, FOV 124 contiguous slices.

Statistical analysis

We compared age and memory performance between groups
using 1-way analysis of variance. Acquired images were pre-
processed and analyzed using Brain Voyager QX version 1.10.4
(Brain Innovation B.V.). The functional data sets were slice-time
corrected, linear detrended, 3-D motion corrected,  coregistered/
realigned and normalized to Talairach space.29 The product of
the coregistration/realignment step was carefully inspected by
overlaying the functional series on the native space anatomic
scan and assessing dorsal–ventral placement by examining 
the anterior portions of the lateral ventrical, the fourth ventricle
and juncture at the cerebellar tentorium. High-resolution 
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Fig. 1: Procedures for the process dissociation task, before and during the functional magnetic resonance imaging data acquisition. Partici-
pant verbal responses are depicted in speech bubbles.
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T1-weighted 3-D anatomic MR data sets were transformed into
Talairach space, used for coregistration and averaged to gener-
ate a composite image onto which functional activation results
were projected. Bilateral regions of interest (ROIs) were pre-
scribed for the hippocampal/parahippocampal complex on the
summed anatomic images at the group level. The ROIs were
drawn on sagittal slices in Mango (http ://ric .uthscsa .edu
/mango  /index .html), first identifying the anteromedial aspects
of the uncus and parahippocampal gyrus and then proceeding
laterally in 1-mm increments to prescribe a region with a 2-mm
extended boundary around the hippocampal complex. The
ROIs were then checked in the coronal plane (anterior to pos -
terior) to ensure continuity and consistency, and exported to
BrainVoyager. We used an event-related model for each par-
ticipant to examine the BOLD signal at every voxel. Using a
random-effects multiple general linear model, we set recollec-
tion memory, habit memory, nonitem and study list presenta-
tions as the explanatory variables accounting for differences in
BOLD signals within and between groups. Contrasts were cor-
rected for multiple comparisons using the false discovery rate
methodology set at 0.05,30 and the average statistical value for
the resulting ROIs are reported.

Results

Participants

Twenty-two patients and 18 controls participated in this
study. Clinical and demographic characteristics of partici-
pants can be found in Table 1. There were no significant dif-
ferences in age between the MDD group (mean 44.9, stan-
dard deviation [SD] 11.3 yr) and controls (mean 42.1, SD 11.5 yr;
F1,39 = 1.02, p = 0.31). The depressed patients included in the
study had a mean illness duration of 20.1 (SD 12.8) years, a
mean BDI score of 16.1 (SD 9.2) and a mean HAM-D score of
10.9 (SD 5.1). Eighty-six percent of the patients with depres-
sion were being treated with stable doses of antidepressant

medications (selective serotonin reuptake inhibitor n = 13,
serotonin-norepinephrine reuptake inhibitor n = 5, tetracyclic
antidepressants n = 2, monoamine oxidase inhibitor n = 2,
atypical antidepressants n = 2, tricyclic antidepressant n = 1),
of whom 5 patients also received atypical antipsychotic med-
ications as augmenting agents.

Memory performance

Recollection memory was significantly impaired in the MDD
group compared with controls (mean 0.52 [SD 0.19] v. 0.71
[SD 0.12]; F1,39 = 13.59, p < 0.001). There was an exceptionally
low outlier in the MDD group; the recollection memory score
was still significantly impaired after removal of this outlier
(F1,38 = 13.61, p < 0.001). The MDD group also performed more
poorly than controls in both habit memory trials (F1,39 = 0.25,
p < 0.001) and did not differ in their tendency to guess on
nonitem trials (F1,38 = 3.12, p = 0.58). Results of memory per-
formance are reported in Table 2.

Imaging results

Functional imaging results
Bilateral ROIs were prescribed for the  hippocampal/
parahippocampal complex on the summed anatomic images
at the group level. Between-group activation patterns were
determined for the contrast of each type of memory trial (rec-
ollection, habit and nonitem trials) against the baseline study
list encoding period. Table 3 provides a full listing of results.
We observed significant differences in activation between pa-
tients with MDD and controls during recollection memory
 trials, with controls showing greater activation of the right hip-
pocampal and the left parahippocampal gyrus (Fig. 2). There
were no differences between patients with MDD and controls
in the activation patterns across habit trials or nonitem trials.
Examining the within-group activation patterns for the pa-

tients with MDD revealed heightened engagement of the hip-
pocampal body/tail (R/L) during the learn-list encoding per -
iod as contrasted with recollection memory trials. Controls
similarly engaged the left hippocampal body/tail during the
encoding periods. However, in contrast to the MDD group,
controls also showed heightened engagement of the right
and left hippocampal heads during recollection trials. These
findings indicate that the group differences in the activation
of the right hippocampal head were driven by greater en-
gagement of this region by controls during recollection mem-
ory performance (Fig. 3).

Table 1: Clinical and demographic characteristics of patients with
major depressive disorder and matched controls

Group; mean (SD)*

Characteristic MDD, n = 22 Control, n = 18

Age, yr 44.9 (11.3) 42.1 (11.5)

No. female 15 13

No. male 7 5

Education, yr 15.5 (2.1) 16.8 (3.7)

Duration of illness, yr 20.1 (12.8)

No. of episodes 5.6 (2.4)

Medication, no.

Antidepressants 19

Antipsychotics 5

Lithium 2

Medication-free 3

BDI score 16.1 (9.2) 0.94 (1.4)

HAM-D score 10.9 (5.1)

BDI = Beck Depression Inventory;21 HAM-D = Hamilton Rating Scale for Depression;22

MDD = major depressive disorder; SD = standard deviation.
*Unless otherwise indicated.

Table 2: Memory performance across trial type during the process
dissociation task

Group; mean (SD)

Trial type MDD, n = 22 Control, n = 18 p value

Recollection 0.52 (0.19) 0.71 (0.12) 0.001

Habit 0.62 (0.13) 0.82 (0.06) 0.001
Nonitem 0.62 (0.10) 0.64 (0.09) 0.58

MDD = major depressive disorder; SD = standard deviation.



Hippocampal head/body-tail signal correlations with
 performance
For controls, Pearson correlations revealed that recollection
memory performance was significantly correlated with
changes in BOLD signal (baseline corrected) during recollec-
tion trials in ROIs located in the right hippocampus (r18 = 0.57,
p = 0.015) and the right hippocampal head (r18 = 0.48,
p = 0.040). Controls who scored high in recollection perform -
ance were likely to exhibit a stronger BOLD response in the
right hippocampus. We observed no significant correlations
between recollection memory performance and hippocampal
BOLD signal change for the MDD group. Correlations were
found in patients with MDD between medication load and
brain activation during recollection memory trials were sig-
nificant in the left hippocampal head (r21 = –0.483, p = 0.027)
and approached significance in the left hippocampal tail
(r21 = –0.428, p = 0.05). These findings suggest that as medica-
tion load increased, activation in the left hippocampal head
and tail was reduced during recollection memory trials.

Discussion

The aim of this study was to examine the functional capacity
of the hippocampal region in patients with MDD who had
extensive levels of illness burden using a recollection
 memory  process dissociation task and fMRI. The focus on
hippocampal function was founded in previous work linking
illness chronicity to reductions of hippocampal volume and
deficits in recollection memory in patients with MDD.1,28

Imaging studies of healthy participants have highlighted
the importance of hippocampal recruitment for declarative

memory. It has been suggested that the hippocampus plays a
role in assessing novel items,31 information retrieval success,32

visual and spatial memory33 and recollection memory.34–36 Re-
cently, a review of imaging studies examining memory in the
medial temporal lobes found that hippocampal activation
was most consistent with proposed memory models that link
the hippocampus to recollection memory.37

In the present study, we found attenuated hippocampal ac-
tivation during recollection memory trials and corresponding
impairments in recollection memory performance in a group
of patients who had histories of multiple episodes of depres-
sion contrasted with healthy matched controls. These results
associate recollection performance impairments in patients
with MDD with diminished hippocampal engagement. More -
over, our observation of a negative correlation between left
hippocampal engagement and medication load suggests that
patients who are the most ill show less engagement of the
hippocampus during recollection memory.
The observation of group differences localized to the right

hippocampus may be a function of the consistent (fixed) en-
coding and recollection demands across the 17 memory series
used in our study. Recently, Ulrich and colleagues38 reported
that activation of the left hippocampus is modulated by expo-
nential increases in encoding demands, whereas the right
 hippocampus shows consistent strong engagement across all
difficulty levels. The findings of attenuated hippocampal acti-
vation were examined further by analyzing the individual
within-group patterns of activation for the same contrasts of
interest (Table 3). We found that the controls showed robust
hippocampal/parahippocampal activation bilaterally in re-
sponse to recollection memory trials, whereas the MDD group
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Table 3: Activation patterns identified between and within groups during memory trials

Talaraich coordinate

Trial; contrast x y z Region Subregion
Brodmann

area t value
No.

voxels

Between-group contrast
Recollection trials–study trials

Control > MDD 26 –20 –14 Hippocampus RHH 3.679 1041

–27 –25 –16 Hippocampus / parahippocampal gyrus LHH 35 3.334 26

Within-group contrasts
Recollection trials–study trials

MDD 28 –21 –16 Hippocampus RHH –3.393 5120

–26 –19 –2 Parahippocampal gyrus –3.211 3718

–23 –21 –22 Parahippocampal gyrus 35 –3.272 1083

Control 23 –15 –15 Hippocampus / parahippocampal gyrus RHH 28 4.480 8829

–21 –12 –15 Hippocampus / parahippocampal gyrus LHH 28 4.291 5700

–22 –31 –2 Hippocampus / parahippocampal gyrus LHT 27 –3.928 2759

Habit trials–study trials

MDD 31 –42 –6 Parahippocampal gyrus Posterior 19 3.594 1901

27 –20 –2 Parahippocampal gyrus Anterior –3.345 229

–29 –36 –6 Hippocampus LHT 3.118 486

Control 21 –15 –15 Hippocampus / parahippocampal gyrus RHH 28 3.776 3838

–26 –14 –15 Hippocampus LHH 3.278 3038

Nonitem trials–study trials

Control 24 –15 –14 Hippocampus RHH 4.517 10461

–26 –18 –15 Hippocampus LHH 4.372 7599

LHH = left hippocampal head; LHT = left hippocampal tail; MDD = major depressive disorder; NA = not applicable; RHH = right hippocampal head.
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showed diminished engagement of the hippocampal and
parahippocampal gyrus. Given that the list-learning phase of
the task was used as the contrast baseline for these group
comparisons, these results suggest greater relative engage-
ment of the hippocampus during encoding as opposed to the
recollection periods in patients with MDD.
Examining the peak local maxima for activations, we

found that the control group engaged the more anterior
 regions of the hippocampus during the recollection periods
(Table 3).
Generally, it has been theorized that all subfields of the hip-

pocampus play a role in both encoding and retrieval. Re-
cently, however, studies have identified differential activity
within the dentate gyrus and CA2/3 regions during encoding
that contrasts with heightened CA1 and subiculum involve-
ment during retrieval (see Carr and colleagues39 for a review).
While these subfields are seen to traverse the (medial to lat-
eral) dimension, there is an antero poster ior gradient in the pro-
portional volume of each subfield in the head, body and tail of
the hippocampus. For example, higher proportions of the
CA1–3 and subiculum are found in the hippocampal head,
whereas the hippocampal body includes the greatest propor-
tion of the dentate gyrus (DG).40 Subregional dissociations
have been revealed in recent high-resolution fMRI studies
with differential engagement of the DG/CA2/3 regions at en-
coding and CA1/subiculum areas during retrieval.39,41–43 These
data and the present findings of diminished engagement of
the hippocampus during retrieval may have important impli-
cations for our understanding of the neuropathology of this
disorder. In particular, CA1 neurons that project to the medial
prefrontal cortices are localized primarily in the head of the
hippocampus.44,45 Abnormalities in this area, therefore, appear
consistent with network models that posit a disconnect be-

tween the hippocampus and frontal structures.46

In the extant literature there are 2 recent studies that have
used fMRI to examine hippocampal function in patients with
MDD. The first study used an associative face-occupation
paradigm to examine hippocampal activity during memory
encoding and retrieval.2 There were no significant differences
in hippocampal activation between depressed participants
and controls. However, the patients in this study did have in-
creased parahippocampal gyrus activation during encoding
and decreased activation in frontal and parietal regions with-
out corresponding memory deficits.2 Werner and colleagues2

postulated that the small sample size (n = 11) and relatively
young age of depressed patients (mean 37.18 yr) may have
contributed to the lack of hippocampal findings. This study
did not provide information on the number of episodes or ill-
ness duration of its study participants, and it will be import -
ant for future studies to examine patients with varying dura-
tions of illness as this may have accounted, at least in part, for
the lack of impairment in this sample. In the second study by
Fairhall and colleagues,3 a small group of patients and con-
trols (8 per group) were scanned solely during the encoding
period of an associative memory paradigm. These research -
ers found that MDD was associated with abnormal modula-
tion of hippocampal activity during encoding. The present
study extends these finding and suggests that such dysregu-
lation impacts on subsequent retrieval processes in patients
with MDD as well.

Limitations

The present study has several limitations. One is that it is dif-
ficult to ascertain with confidence the duration of illness or
the precise number of depressive episodes that patients have

Fig. 2: Group differences in hippocampal activation during recollection memory trials. Controls show increased activation
of the right hippocampus compared to patients with major depressive disorder (MDD). Statistical maps corrected for mul-
tiple comparisons are superimposed on averaged anatomical group images.



experienced. Although we were confident that all patients
with MDD had a significant past illness burden based on a
known treatment history, even with life-charting methodol-
ogy it can be difficult to ascertain the onset and duration of
relatively mild episodes, particularly if patients have low-
grade dysthymia or partial resolution of symptoms in the
inter episode intervals. In addition, this study identified be-
havioural group effects for both recollection and habit mem-
ory, and yet only functional activation group differences dur-
ing recollection performance. Previous behavioural research

has associated MDD with recollection deficits and preserved
habit memory.47 The current findings may reflect the exam -
ination of an enriched clinical group with high illness bur-
den. In addition, modifications in the timing of the process
dissociation task made necessary for the event-related fMRI
paradigm may have impacted more heavily on the MDD
group. Further work will be necessary to resolve these find-
ings. Finally, because of the cross-sectional nature of the
study design, it is impossible to confirm whether the past
burden of illness in the MDD group led to or resulted in part
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Fig. 3: Within-group results for the recollection–encoding contrast. Areas highlighted in blue identify regions activated during
encoding trials, whereas areas in red depict regions activated during recollection memory trials. Statistical maps corrected
for multiple comparisons are superimposed on averaged anatomical group images. MDD = major depressive disorder.
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from, the altered hippocampal activation that we observed in
this group. Longitudinal functional imaging studies that re-
peat the same task in patients across various points in illness
history are absent in the literature, likely because of the com-
plexity involved in this approach.

Conclusion

We found attenuated activation in the hippocampus in pa-
tients with MDD who had a high past illness burden and
who had impaired behavioural performance on the recollec-
tion component of the process dissociation task and during a
hippocampus-dependent recollection memory task. These
findings contribute to a nascent literature using fMRI to link
behavioural deficits in recollection memory performance to
attenuated activation of the hippocampus. This attenuated
activation is not a function of current illness burden as pa-
tients were euthymic at the time of task completion; the at-
tenuated activation may represent stable changes in hip-
pocampal function that occur over the course of illness in
patients with MDD.
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