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The authors investigated the effect of hippocampal
volume on enhanced emotional memory in 27
healthy women. Irrespective of age, education, in-
tracranial volume, cognitive function, delayed re-
call, and neuroticism, left hippocampal volume
showed a significant negative correlation with en-
hanced emotional memory.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2007; 19:335–338)

Studies have shown that a considerable number of
cancer survivors (11% to 45%) meet the criteria for

intrusive recollections related to their cancer experiences
rather than criteria for full-blown posttraumatic stress
disorder (3% to 6%).1 Furthermore, it has been indicated
that intrusive recollections are associated with the pres-
ence of persistent depression or anxiety, poor psycho-
logical adjustment, and poorer quality of life.1 Intrusive
recollection is a certain formation of strong emotional
memory, a mechanism of which may overlap with post-
traumatic stress disorder (PTSD). However, little is
known about its neurobiological basis. We previously
studied magnetic resonance image (MRI) volumes of the
hippocampus and amygdala in women who survived
for 3 years or more after breast cancer surgery.2,3 Women
with a history of cancer-related intrusive recollections
showed smaller left hippocampal and total amygdalar
volumes compared with those without such history. But
the fundamental question still remained as to whether

the volumetric differences represented the neurotoxic ef-
fect of several years of persistent intrusive recollections
or a preexisting trait that predisposed people to patho-
logical stress reactions to cancer experiences (predispo-
sition theory). A meta-analysis of MRI studies has
shown that severe chronic PTSD is associated with a
smaller hippocampal volume in adult patients.4 Gil-
bertson et al.5 suggested in their monozygotic co-twin
study that the smaller hippocampal volume in combat-
related PTSD represents a preexisting familial vulnera-
bility factor rather than the neurotoxic product of
trauma exposure per se. They also found the significant
negative correlation between hippocampal volume of
combat-unexposed healthy co-twins and the PTSD se-
verity of their combat exposed brothers. Although a pos-
sible negative correlation between the hippocampal vol-
ume and the emotional memory in humans can be
hypothesized, no direct evidence exists. In this experi-
mental study, we examined whether the enhanced emo-
tional memory could be predicted by hippocampal vol-
ume.

METHOD

This study was approved by the Institutional Review
Board of the National Cancer Center. Twenty-seven
healthy women were recruited by advertisements in
newspapers and municipal information papers. They
were between the ages of 35 and 61 (mean age�51.6
[SD�7.2]) and had 12 to 16 (mean education�13.9
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[SD�1.7]) years of education. All gave written informed
consent.

Most individuals were right-handed (N�24, 91.4%;
mean handedness score�77.0 [SD�41.8]), as assessed
by the Edinburgh Inventory. They were free of major
medical illnesses and traumatic brain injury, free of psy-
chopathology as determined by the Mini-International
Neuropsychiatric Interview,6,7 free of cognitive impair-
ment as assessed by the Mini-Mental State Examination
(MMSE),8 free of gross abnormalities as assessed by
MRI, free of potentially psychoactive medications, and
free of a family history of psychiatric illness. After the
experiment, all of the participants were given a gift
voucher (4,000 JPY) for their participation.

On the first experimental day, participants viewed 11
slides9,10 depicting an emotionally arousing short story.
The story consisted of three phases. Phase 1 (images 1
to 4) depicted a mother taking her son to visit his father
at work. In phase 2 (images 5 to 8), the boy was badly
hurt in a motor vehicle accident and surgeons struggled
to save his life. In phase 3 (images 9 to 11), the mother
was shown leaving the hospital. Thus, the emotionally
arousing narration occurred in phase 2. Participants re-
turned 1 week later for a second day of experiments and
were given a surprise memory-recall test consisting of
five to nine multiple-choice questions per slide.11 Recall
achievement was expressed as a percentage of the max-
imum score for each phase because of the different num-
bers of questions given for each phase. The enhanced
emotional memory was defined as the difference [D2–1]
between percent recall achievement of the emotionally
arousing story part (phase 2) and percent recall achieve-
ment of the neutral story part (phase 1).

MRI scans were obtained by using a 1.5-T General
Electric Signa scanner (GE Medical Systems, Milwau-
kee) prior to the experiment with an identical protocol2,3

and MRI-assessed brain volume measurement tech-
niques of the hippocampus and amygdala2,3,12 previ-
ously described. Intrarater and interrater reliabilities
were determined by using the intraclass correlation co-
efficients (�0.90 for all measures). Intracranial volume
measurements were made by using a semiautomatic
volumetric procedure described in detail elsewhere.13

Declarative memory ability was assessed using the
Wechsler Memory Scale–Revised (WMS-R)14 prior to the
present experiment. We used the delayed recall indexes.
Personality traits were measured using the revised
Eysenck Personality Questionnaire (EPQ-R).15 Since
neuroticism refers to a general emotional overresponsi-

veness and a liability to develop stress-related psychi-
atric disorders, we used the EPQ-R neuroticism score.

We used the volumes of the left and right hippocam-
pus and of the amygdala for the analysis. To analyze the
specific effects of the amygdalar and hippocampal vol-
umes on the enhanced emotional memory, a multiple
linear regression partial correlation was used, with D2–
1 as the dependent variable and the hippocampal and
amygdalar volumes as the independent variables. We
controlled the possible confounding effects of age, edu-
cation, and variability in intracranial volume by enter-
ing these variables into the model. To eliminate the effect
of cognitive function and personality, we subsequently
entered the WMS-R delayed memory index, the MMSE
score, and the EPQ-R neuroticism score into the model.
All statistical analyses used two-tailed tests. The alpha
levels of significance of all statistical analyses were
p�0.05. The statistical analyses were performed using
SPSS version 13.0 (SPSS Inc., Chicago).

RESULTS

The mean percent recall achievements for phases 1, 2,
and 3 were 51.98 (SD�8.82), 57.28 (SD�8.08), and 47.56
(SD�11.81), respectively. A one-way analysis of vari-
ance for repeated measures revealed a significant phase
effect on recall achievement (F�11.21, df�2, 52,
p�0.01). Regarding cognitive function and personality,
the mean WMS-R delayed recall index was 103.26
(SD�14.54), the mean MMSE score was 29.19 (SD�

0.83), the mean EPQ-R neuroticism score was 4.48
(SD�2.87). No significant correlation between these po-
tential covariates and D 2–1 was noted (age, r��0.104,
p�0.61; delayed recall index, r�0.086, p�0.67; MMSE,
r��0.137, p�0.50; neuroticism, r��0.61, p�0.72).
The mean intracranial volume was 1284.4 cm3

(SD�106.7) and no significant correlation between in-
tracranial volume and D2–1 was noted. The left and
right hippocampal volumes were 3326.2 mm3

(SD�292.3) and 3423.4 mm3 (SD�290.0), respectively.
The left and right amygdalar volumes were 1125.4 mm3

(SD�130.1) and 1208.5 mm3 (SD�145.4), respectively.
We found a significant Pearson’s correlation between the
left hippocampal volume and D2–1 (r��0.407,
p�0.035). The hippocampal volume was significantly
correlated with D2–1 irrespective of age, education, and
intracranial volume (Table 1). The effects of hippocam-
pal volume on D2–1 remained significant after the effects
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TABLE 1. Correlations Between Volumes and Hippocampus and Amygdala and the Enhanced Emotional Memory (D2–1) in 27 Healthy
Women

Hippocampal volume Amygdalar volume

Enhanced emotional memory Right Left Right Left

Controlled Variables
Partial

Correlation p
Partial

Correlation p
Partial

Correlation p
Partial

Correlation p

Age, education �0.329 0.108 �0.440 0.028 �0.305 0.138 �0.244 0.240
Age, education, intracranial volume �0.293 0.165 �0.411 0.046 �0.256 0.228 �0.181 0.398
Age, education, intracranial volume, MMSE �0.293 0.175 �0.419 0.047 �0.256 0.239 �0.185 0.398
Age, education, intracranial volume, delayed

recall �0.303 0.161 �0.425 0.043 �0.256 0.239 �0.212 0.330
Age, education, intracranial volume, neuroticism �0.303 0.170 �0.420 0.046 �0.276 0.202 �0.173 0.429

MMSE�Score of Mini–Mental State Examination; delayed recall�delayed recall index score of Wechsler Memory Scale revised;
neuroticism�neuroticism score of revised Eysenck Personality Questionnaire

of cognitive function and personality traits were con-
trolled.

DISCUSSION

The main finding in this study was that the enhanced
emotional memory was predicted by the smaller left
hippocampal volume but not the amygdalar volume in
healthy middle-aged women. Furthermore, we have
also addressed the potential impact of confounding fac-
tors in the interpretation of hippocampal volume vari-
ations. Our study design uniquely circumvented the im-
pact of the participant’s own and familial psychiatric
conditions. The enhanced emotional memory was nega-
tively correlated with the left hippocampal volume ir-
respective of age, educational history, intracranial vol-
ume, cognitive function, delayed memory function, and
neuroticism. These findings support that smaller left
hippocampal volume might predispose women to ac-
quire stronger emotional responses when exposed to an
aversive stimulus. These findings also support that
smaller left hippocampus in cancer survivors with in-
trusive recollections represent a preexisting (acquired
until cancer experience) vulnerability factor rather than
the neurotoxic effect of persistent intrusive recollections.
Regarding the amygdala, it was suggested that smaller
amygdalar volume in cancer survivors with intrusive
recollections does not support a predisposition theory.

Since only left hippocampal volume, and not right,
was significantly associated with the enhanced emo-
tional memory, there was laterality in these results. Two
previous studies have revealed smaller left hippocampal
volume in women with a history of cancer-related intru-
sive recollections2 and predominantly smaller right hip-
pocampal volume in men with combat-related PTSD.5

Taken together with these findings, we may assume the
existence of gender difference in the laterality of hip-
pocampal volume on emotional memory.

Since breast cancer, at times, occurs in middle-aged
women, these findings have important implications for
the understanding of the neurobiological basis under-
lying intrusive recollections in breast cancer survivors.
Any interpretation of our results should take into ac-
count following limitations. First, there was a small
sample size. Second, different populations, different
conditions (healthy versus PTSD), and different stress-
induction methods might have affected our findings. Fi-
nally, MMSE doses not test executive cognitive function.
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