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Objective: Having cancer is extremely
stressful, and distressing cancer-related
recollections are frequently reported by
cancer survivors. Smaller hippocampal
volume has been observed in stress-re-
lated neuropsychiatric disorders, such as
posttraumatic stress disorder (PTSD) and
major depression. The aim of this study
was to determine whether there is a simi-
lar association between distressing can-
cer-related recollections and hippocam-
pal volume.

Method: The subjects were 67 women
who had had breast cancer surgery 3 or
more years earlier and had no history of
PTSD or major depression before the can-
cer. Each woman was evaluated with a
semistructured interview to determine
whether she had a history of distressing
cancer-related recollections. Hippocam-
pal volume was measured by three-di-
mensional magnetic resonance imaging,

and memory function was assessed by
the Wechsler Memory Scale—Revised.

Results: The volume of the left hippo-
campus was significantly smaller (5%) in
the subjects with a history of distressing
cancer-related recollections (N=28) than
in those without any such history (N=39).
There was no significant difference in
right hippocampal volume or whole brain
volume measured as a control. There
were no significant differences in delayed
memory or percentage retention. How-
ever, significantly worse immediate visual
memory, but not verbal memory, was ob-
served in the subjects with a history of
distressing cancer-related recollections.

Conclusions: Having distressing cancer-
related recollections is associated with
smaller left hippocampal volume in survi-
vors of breast cancer.

(Am J Psychiatry 2002; 159:2087–2093)

Having cancer is extremely stressful, and distressing
recollections related to cancer experiences are frequently
observed in a clinical oncology setting. Previous studies
focusing on distress caused by cancer (1, 2) have shown
that 20%–37% of cancer survivors suffer from reexperienc-
ing symptoms, including distressing recollections of can-
cer-related experiences. Intrusions have been reported by
24%–44% of cancer survivors (3, 4). Although distressing
symptoms have been frequently reported by cancer survi-
vors (5), little is known about the neuropsychobiological
basis of intrusive and distressing recollections related to
cancer experiences.

Hippocampal volume abnormalities have been reported
in neuropsychiatric disorders associated with stress (6).
Volumetric studies of patients with major depression (7–9),
using high-resolution magnetic resonance imaging (MRI),
have indicated 8%–19% smaller bilateral hippocampi than
in matched comparison subjects. Posttraumatic stress dis-
order (PTSD) is another stress-related psychiatric disorder.
One study of Vietnam combat veterans (10) showed that
PTSD patients have a significantly smaller right hippo-
campus (8% smaller) than matched comparison subjects,
and another study (11) showed a bilaterally smaller hippo-

campus (22% and 26% smaller, respectively). Patients who
were physically and sexually abused during childhood
have been found to have a significantly smaller left hippo-
campus (5%–12% smaller) (12, 13).

Animal studies have indicated that stress and glucocor-
ticoids can induce atrophy of dendritic processes, cause
neuronal loss, and inhibit neurogenesis (14–18) by de-
creasing the level of brain-derived neurotrophic factor
and releasing excitatory amino acids (19, 20). Associations
between cortisol levels and hippocampal atrophy in hu-
mans have been reported (21). While glucocorticoids have
been postulated to induce neuronal damage, there is no
direct evidence of hippocampal neuronal damage in ma-
jor depression or PTSD (6, 7).

The purpose of this study was to investigate the rela-
tionship between hippocampal volume and a history of
distressing cancer-related recollections among cancer
survivors. A secondary purpose was to investigate the rela-
tionship between memory function and a history of dis-
tressing cancer-related recollections. We hypothesized
that subjects with a history of such recollections would
have smaller hippocampal volumes than those without
any such history.
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Method

Subjects

This study was approved by the institutional review board and
the ethics committee of the National Cancer Center, Tokyo. The
study was performed after patients’ written informed consent
was obtained.

The subjects were recruited from February 1998 to April 1999
during follow-up visits to the Division of Breast Surgery, National
Cancer Center Hospital East. From the records on breast cancer
surgery we selected all patients who had survived more than 3
years since surgery so that the interview itself would not be
distressing (22, 23). The inclusion criteria were 1) female gender,
2) age between 18 and 55 years, and 3) no double cancer or clear
evidence of residual or recurrent cancer during regular medical
checkups conducted by an oncologist (S.I.). The exclusion criteria
were 1) left-handedness, 2) a history of PTSD or major depression
before the cancer, 3) a history of any neurological disorder or trau-
matic brain injury accompanied by periods of unconsciousness,
4) a history of substance abuse or dependence, 5) a family history
of early dementia among first- or second-degree relatives, 6) any
physical symptoms that interfered with daily life, as assessed by
performance status defined by the Eastern Cooperative Oncology
Group (24), 7) psychotropic medication within the previous
month, and 8) cognitive impairment, defined as having a score of
less than 24 on the Mini-Mental State Examination (25, 26).

Of the 375 patients who had survived more than 3 years after
surgery, 148 patients met the criteria, and 128 could be contacted
at the clinic. Forty-six of them refused to participate in the study
(31 were too busy to participate, seven were not interested, five
refused the MRI examination, and three refused for unknown rea-
sons). Two subjects who had used psychotropic medication
within the previous month and three left-handed subjects were
excluded. Seventy-seven subjects were interviewed with a semi-
structured interview, including the Structured Clinical Interview
for DSM-IV Axis I Disorders (SCID), clinician version (27), con-
ducted by a trained psychiatrist (T.N.). After the interview, six
subjects who had a history of major depression, two subjects who
had a history of PTSD, and one subject who had a history of PTSD
and major depression before the cancer were excluded from the
analyses. One subject was excluded because of MRI acquisition
error. The remaining 67 study participants were not currently be-
ing treated for breast cancer except for adjuvant tamoxifen treat-
ment (N=8). There were no significant differences in age, days af-

ter surgery, or pathological stage between the 67 subjects who
participated in the study and the 72 eligible subjects who did not.

Whether the subjects had a history of distressing cancer-re-
lated recollections, but not their frequency or intensity, was de-
termined by semistructured interview. We defined distressing
cancer-related recollections, on the basis of a modification of cri-
terion B1 of the PTSD module in DSM-IV, as “recurrent and intru-
sive distressing recollections of the cancer-related event, includ-
ing images, thoughts, or perceptions” with a duration of 1 month
or more. We used sentence F42 from the criteria for PTSD in the
administration booklet of the SCID (27) with minor modification:
“Did you think about cancer-related events when you did not
want to or did thoughts about the cancer-related events come to
you suddenly when you didn’t want them to?” Typical responses
were as follows: “All of a sudden, the distressing images of cancer
recurrence and death popped into my head” or “When the scar
on my breast smarts, I remember the distressing scene when I
was informed that I had cancer.” A history of intrusive recollec-
tions before the cancer was determined by semistructured inter-
view. Two psychiatrists (T.N. and A.K.) both assessed the same
nine subjects, and the kappa value for a history of distressing can-
cer-related recollections after cancer was 1.0.

Of the 67 study participants, 28 (42%) met the criteria for a his-
tory of distressing cancer-related recollections. Characteristics of
the groups with and without a history of such recollections are
presented in Table 1; analyses indicated no significant differ-
ences. There were also no differences in menopausal status, clin-
ical stage of the cancer, lymph node metastasis, surgical proce-
dure, tamoxifen therapy, or adjuvant chemotherapy. None of the
subjects met the criteria for current PTSD or major depression at
the time of the investigation.

Memory Measures

As surrogate markers of hippocampal function we used the de-
layed memory index and the percentage retention (delayed mem-
ory score/immediate memory score×100) from the Wechsler
Memory Scale—Revised (WMS-R) (28, 29). We also obtained the
WMS-R indexes of attention/concentration, immediate visual
memory, and immediate verbal memory for each participant.

MRI Acquisition and Volumetric Measurements

The images were generated on a 1.5-T MRI unit (Signa scanner,
GE Medical Systems, Milwaukee) with three-dimensional spoiled
gradient-recalled acquisition: 1.5-mm contiguous sections per-

TABLE 1. Characteristics of Women With a History of Breast Cancer Surgery Who Did or Did Not Have a History of Distress-
ing Cancer-Related Recollections

History of Distressing Cancer-Related Recollections Difference
Between GroupsaCharacteristic Present (N=28) Absent (N=39)

Mean SD Mean SD p

Age (years) 49 6 48 5 0.81
Height (cm) 156 5 157 6 0.72
Education (years) 13 2 13 2 0.86
Alcohol consumption (years×g/week) 584 1,557 468 1,037 0.72
Time since surgery (days) 1,617b 363 1,534b 268 0.28
Cumulative duration of major depressive episodes after cancer (weeks) 4.9 13 1.4 5 0.11

N % N % p

History of major depression after cancer 8 29 7 18 0.30
History of PTSD after cancer 1 4 0 0 —
History of intrusive recollections before cancer 10 36 7 18 0.10
History of traumatic events before cancer 15 54 19 49 0.70
a Differences in continuous variables were analyzed by two-tailed Student’s t tests. Differences in categorical variables were analyzed by chi-

square tests.
b This level of consumption would be approximately equivalent to 80–100 ml of beer per day over a duration of 16 years.
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pendicular to the anterior-posterior commissure plane, field of
view=230 mm, matrix=256×256 pixels, TR=25 msec, TE=5 msec,
flip angle=45°. The images were analyzed by ANALYZE-AVW (Bio-
medical Imaging Resource, Mayo Foundation, Rochester, Minn.).

The hippocampal borders were traced manually with a pen-
tablet pointing device. The hippocampus was defined as shown
in Figure 1. A sagittal view was also used to confirm the anterior
end of the hippocampal head. Both the left and right hippocampi
of each subject were measured twice in random order by a skilled
rater (M.W.) who was blind to the subjects’ characteristics. The in-
traclass correlation coefficients (ICCs) for intrarater reliability de-
rived from 67 subjects and interrater reliability derived from 30
subjects were 0.97 and 0.96, respectively.

The volume of the whole brain was measured for purposes of
comparison. The semiautomatic procedure for measuring whole
brain volume that we used is similar to that reported by Mori et al.
(30). All of the whole brains were measured in randomized order
by a skilled rater (M.I.) who was blinded to the subjects’ charac-
teristics. The ICCs for the intrarater reliability derived from 30
subjects and interrater reliability derived from 30 subjects were
0.99 and 0.98, respectively.

Data Analyses

In previous studies (7–13), comparison groups differed from pa-
tients by 5% to 26% in hippocampal volume. On the basis of our pi-
lot study, we estimated that the difference and standard deviation
would be 7% and 10%, respectively. For a two-tailed alpha of 0.05
and a beta of 0.20, 32 subjects in each group were needed. However,
the groups with and without distressing cancer-related recollec-
tions in this study contained 28 and 37 subjects, respectively.

In accordance with the method of analysis in previous reports (7,
9, 10, 13), we did not use the ratio of the hippocampal volume to
the whole brain volume or the hippocampal volume adjusted for
whole brain volume to analyze differences in hippocampal vol-
ume. Hippocampal volume and whole brain volume were analyzed
by one-way analysis of variance (ANOVA) and analysis of covari-
ance (ANCOVA) using age, height, years of education, alcohol con-

sumption, and cumulative duration of major depression to control
for differences between the two groups. Repeated measures AN-
COVA with side as the repeated measures (within-group) factor
and age, height, years of education, alcohol consumption, and cu-
mulative duration of major depression as covariates was used to
compare left and right hippocampal volumes in the subjects with
and without a history of distressing cancer-related recollections.

In addition, ANCOVA with whole brain volume as one of the co-
variates was performed to facilitate comparisons with the find-
ings of prior studies that have demonstrated significant differ-
ences in hippocampal volume after covariance for whole brain
volume.

The comparisons of the subjects with and without a history of
distressing cancer-related recollections also included analysis of
the delayed memory index, percentage retention, attention/con-
centration index, immediate visual index, and immediate verbal
memory index by ANOVA and by ANCOVA with years of educa-
tion, alcohol consumption, and cumulative duration of major de-
pression as covariates. The alpha level of significance in most sta-
tistical analyses was p<0.05. In the analyses of memory function,
the p value was set at 0.01, because multiple comparisons were
made. All analyses were performed by using SPSS version 10
(SPSS, Inc., Chicago).

Results

Hippocampal Volume

The volume of the left hippocampus in the subjects with
a history of distressing cancer-related recollections was
5% smaller than in those without distressing recollections,
and the difference was statistically significant by ANOVA
(Figure 2). The 1.5% smaller volume of the right hippo-
campus was not significantly different, and there was no
significant difference in whole brain volume measured as
a control (Figure 2). ANCOVA continued to show a signifi-

FIGURE 1. Boundaries of the Hippocampus Used in a Study of the Relationship of MRI-Derived Hippocampal Volume to
History of Distressing Cancer-Related Recollectionsa

a Selected images from a breast cancer survivor illustrating the boundaries of the hippocampal formation from anterior limits (panel 1)
through posterior limits (panel 4). The blue objects indicate the hippocampal formation. It contains the Ammon’s horn, dentate gyrus, fim-
bria, and subiculum. The anterior end slice was defined as the final slice on which the white alveus surrounding the remaining knuckles of
the hippocampal head remains visible (panel 1). The posterior end slice of the hippocampal tail was defined as the slice in which the crus of
the fornix is the longest on a coronal section (panel 4).

1 2

3 4
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cant difference in left hippocampal volume between sub-
jects with and without a history of distressing cancer-re-
lated recollections (F=4.04, df=1, 60, p=0.05), but the
difference in the volume of the right hippocampus was not
significant (F=0.05, df=1, 60, p=0.83). The repeated mea-
sures ANCOVA showed a significant interaction between
side and distressing cancer-related recollections (F=4.28,
df=1, 60, p=0.04) but not a significant main effect of side
(F=3.48, df=1, 60, p=0.07). There was not a significant cor-
relation between left hippocampal volume and number of
days after surgery in the subjects with a history of distress-
ing cancer-related recollections, according to Pearson’s
correlation test (r=0.13, N=67, p=0.52).

To examine the possibility that a smaller hippocampus
was already present in the subjects with a history of dis-
tressing cancer-related recollections before their cancers,
we analyzed the difference in the number of subjects with
a history of distressing cancer-related recollections be-
tween those with a small hippocampus and those with a
large hippocampus. First we used the median hippocam-
pal volume on the left (2,612 mm3) to divide the subjects
into those with low and high left-side hipppocampal vol-
umes. Seventeen of the subjects with a small left hippo-
campus (N=33) had a history of distressing cancer-related
recollections, as opposed to 11 of the subjects with a large
left hippocampus (N=34); this difference was not signifi-
cant (χ2=2.53, df=1, p=0.11). The median value for the
right side (2,694 mm3) was then used as the dividing line to
separate subjects with low and high right-side hippocam-
pal volumes. Fifteen of the subjects with a small right

hippocampus (N=33) had a history of distressing cancer-
related recollections, versus 13 of the subjects with a large
right hippocampus (N=34); this difference also was not
significant (χ2=0.36, df=1, p=0.55).

An additional ANCOVA with whole brain volume as one
of the covariates showed no significant difference between
groups in hippocampal volume on the left side (F=2.14,
df=1, 59, p=0.15) or right side (F=0.17, df=1, 59, p=0.68).
The adjusted mean left hippocampal volumes in the sub-
jects with and without a history of distressing cancer-re-
lated recollections were 2,561 mm3 (SD=363) and 2,648
mm3 (SD=305), respectively, and the difference was 3.3%.
The adjusted mean right hippocampal volumes in the
subjects with and without a history of distressing cancer-
related recollections were 2,709 mm3 (SD=376) and 2,683
mm3 (SD=316), respectively, and the difference was –1.0%.

Memory Functioning

The memory measures for the subjects with and with-
out a history of distressing cancer-related recollections are
shown in Table 2. There was no significant difference be-
tween the two groups in the delayed memory index, atten-
tion/concentration index, or immediate verbal memory
index. However, the subjects with a history of distressing
cancer-related recollections had a significantly lower im-
mediate visual memory index. The ANCOVA showed no
significant difference in the delayed memory index (F=
2.82, df=1, 62, p=0.10) or the immediate verbal memory in-
dex (F=0.93, df=1, 62, p=0.34). However, there continued
to be a significant difference in the immediate visual
memory index between the subjects with and without a

FIGURE 2. Hippocampal Volumes of Women With a History of Breast Cancer Surgery Who Did or Did Not Have a History of
Distressing Cancer-Related Recollectionsa

a Horizontal bars indicate mean volumes.
b Significant difference between groups according to ANOVA (F=4.78, df=1, 65, p=0.03). The mean volumes in the subjects without and with

distressing cancer-related recollections were 2,667 mm3 (SD=242) and 2,535 mm3 (SD=249), respectively.
c Nonsignificant difference between groups according to ANOVA (F=0.39, df=1, 65, p=0.54). The mean volumes in the subjects without and

with distressing cancer-related recollections were 2,711 mm3 (SD=259) and 2,670 mm3 (SD=278), respectively.
d Nonsignificant difference between groups according to ANOVA (F=2.86, df=1, 65, p=0.10). The mean volumes in the subjects without and

with distressing cancer-related recollections were 1,102,814 mm3 (SD=884,921) and 1,069,555 mm3 (SD=664,678), respectively.
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history of distressing cancer-related recollections (F=9.72,
df=1, 62, p=0.003). The memory scale scores showed no
significant difference between groups in delayed memory
or in the percentage of retention for the visual or verbal
memory score. In addition, there was no significant differ-
ence in attention/concentration score or immediate ver-
bal memory score. However, there was a significant differ-
ence in the immediate visual memory score.

Among the 67 subjects as a whole, there was no signifi-
cant correlation between left or right hippocampal vol-
ume and the delayed memory index (left: r=0.14, p=0.27;
right: r=0.03, p=0.82) or percentage retention (left: r=–0.02,
p=0.83; right: r=–0.06, p=0.65). There was no significant
correlation between the attention/concentration and im-
mediate visual memory indexes (r=0.01, p=0.92). There
also was no significant correlation between left hippo-
campal volume and the immediate visual memory index
(r=0.21, p=0.10) or immediate verbal memory index (r=
0.08, p=0.54). The right hippocampal volume was not sig-
nificantly correlated with either the immediate visual
memory index (r=0.12, p=0.33) or the immediate verbal
memory index (r=0.02, p=0.89).

Discussion

To our knowledge, this is the first study to demonstrate a
significant association between hippocampal volume and a
history of distressing cancer-related recollections in cancer
survivors. Cancer survivors with a history of distressing rec-
ollections had a significantly smaller left hippocampal vol-
ume than cancer survivors without a history of such recol-
lections, but there was no significant difference in the
volume of the right hippocampus or the whole brain vol-
ume measured as a control. No significant differences in
demographic, medical, or psychological factors between
subjects with and without a history of distressing cancer-re-
lated recollections were found in this study. Even after ad-
justment for the covariates age, height, years of education,
alcohol consumption, and duration of major depression,

which were potential confounding factors in regard to hip-
pocampal volume, there continued to be a significant dif-
ference in left hippocampal volume. These results suggest a
significant association between a history of distressing can-
cer-related recollections and left hippocampal volume.

The difference in left hippocampal volume between the
subjects with and without a history of distressing cancer-
related recollections was 5%. Although we know of no
other studies showing an association between a history of
distressing cancer-related recollections and hippocampal
volume, it might be possible to compare this finding to the
results of studies of stress-related neuropsychiatric disor-
ders, such as PTSD and major depression. Studies have in-
dicated differences in hippocampal volume between pa-
tients and comparison subjects of 5%–26% for PTSD (10–
13) and 8%–19% for major depression (8, 9). Although the
5% difference in our study was small, it was at or near the
lower ends of these ranges.

Since only left hippocampal volume, and not right hip-
pocampal volume, was different between subjects with
and without a history of distressing cancer-related recol-
lections in this study, there was laterality in these results.
Since studies of major depression (7–9) have shown a
smaller hippocampus on both sides in patients than in
healthy comparison subjects, there may be no laterality in
the difference in hippocampal volume in major depres-
sion. A study of sexually abused female subjects with PTSD
(12) showed a smaller hippocampus only in the left hemi-
sphere, and in another study (13) abused male and female
subjects with PTSD were found to have a significantly
smaller hippocampus on the left side alone. In contrast,
male patients with combat-related PTSD were found to
have a significantly smaller hippocampus on the right side
(10) or on both the right and left sides (11). Based on the re-
sults of these studies, Bremner et al. (13) suggested that left
hippocampal atrophy predominates in victims of trauma
that occurred in childhood and that right hippocampal
atrophy predominates in those who have experienced
trauma in adulthood. On the other hand, the results of the

TABLE 2. Performance on the Wechsler Memory Scale—Revised (WMS-R) of Women With a History of Breast Cancer Surgery
Who Did or Did Not Have a History of Distressing Cancer-Related Recollections

History of Cancer-Related Recollections

Present (N=28) Absent (N=39) ANOVA

WMS-R Measure Mean SD Mean SD F (df=1, 65) p
Primary indexes

Attention/concentration 93.5 18.1 97.7 10.4 1.47 0.23
Immediate visual memory 97.3 11.7 105.5 10.1 9.39 0.003
Immediate verbal memory 95.2 15.1 98.9 15.6 0.91 0.35
Delayed memory 99.3 12.1 104.3 12.3 2.79 0.10

Scale scores
Attention/concentration 64.5 8.1 65.2 7.7 0.13 0.72
Immediate visual memory 56.0 5.6 59.9 4.8 9.30 0.003
Immediate verbal memory 60.1 17.0 64.0 17.2 0.84 0.36
Delayed visual memory 45.9 5.4 47.9 5.6 2.17 0.15
Delayed verbal memory 31.3 8.9 33.7 8.6 1.31 0.26
Percentage retention (delayed/immediate memory×100)

Visual memory 82.0 8.2 80.0 8.8 0.90 0.35
Verbal memory 52.1 5.7 53.0 5.0 0.53 0.47
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present study suggest a possible sex difference in the effect
on hippocampal volume. All of our subjects were female,
and they experienced cancer in adulthood, not in child-
hood. Although distressing cancer-related recollections
may not be the same as the symptoms in PTSD, the results
of the present study favor the existence of a sex difference
in the laterality of hippocampal volume differences.

When the difference developed remains a question.
There are three possibilities: the difference existed before
the cancer experience, a reduction in volume occurred
during the cancer experience, or a reduction in volume
developed as a result of distress after the cancer experi-
ence, for example, as a result of distressing cancer-related
recollections. Since there was no significant difference in
the proportion of subjects with a history of distressing
cancer-related recollections between those having a larger
left hippocampus and those having a smaller left hippo-
campus, the smaller hippocampus in the subjects with a
history of distressing cancer-related recollections may not
predispose to these recollections. Since there was no cor-
relation between the number of days after surgery and
hippocampal volume in this study, the difference in hip-
pocampal volume may not have occurred as a result of
distress after cancer in the form of distressing cancer-re-
lated recollections. However, there was no evidence in this
study that hippocampal volume decreased during the
cancer experience. A prospective longitudinal study is
needed to provide such evidence.

There were no significant differences between the sub-
jects with and without a history of distressing cancer-re-
lated recollections in delayed memory and percentage re-
tention, which have typically been used as surrogate
markers of hippocampal function. Nor was there a signifi-
cant correlation between hippocampal volume and de-
layed memory in this study. Thus, having a smaller hippo-
campus may not be of any consequence functionally.
More study is needed to answer the question of whether
the difference in hippocampal volume is reflected in other
hippocampal functions. Unexpectedly, the subjects in this
study who had a history of distressing cancer-related rec-
ollections had a significantly lower (8% lower) WMS-R im-
mediate visual memory index than those who did not. The
difference in immediate visual memory cannot be ex-
plained by the attention/concentration function, because
there was no significant difference in the attention/con-
centration index between subjects with and without a
history of distressing cancer-related recollections, and the
attention/concentration index was not significantly corre-
lated with the immediate visual memory index. The im-
mediate visual memory index was not significantly cor-
related with hippocampal volume, and since all of the
subjects were right-handed, it would seem more logical
for the smaller left hippocampal volume to have been as-
sociated with verbal rather than visual memory impair-
ment. This lower visual memory index may not be simply
a consequence of smaller left hippocampal volume, and it

may have other causes. The memory components re-
ported to be impaired, for example, visual and verbal
memory, in studies that demonstrated hippocampal atro-
phy among patients with PTSD or major depression have
been inconsistent (8, 10, 11, 13). More study is needed to
answer the question of whether the worse memory perfor-
mance in subjects with a history of distressing cancer-re-
lated recollections is a consequence of their smaller left
hippocampal volume.

The additional analysis by ANCOVA with whole brain
volume as one of the covariates showed no significant dif-
ference in hippocampal volume between subjects with
and without a history of distressing cancer-related recol-
lections. However, it is unclear whether absolute or rela-
tive regional brain volume is more important in volumet-
ric studies. The result of the ANCOVA with whole brain
volume as one of the covariates might not have shown any
significant difference because of the problems, such as an
increase in variability, that have been reported to interfere
with detection of true differences (31, 32). Given the in-
crease in variability, a study with more subjects is needed
to confirm our results.

The present study had the following limitations First, be-
cause of its cross-sectional design, it could not confirm any
causality between hippocampal volume and a history of
distressing cancer-related recollections. Moreover, since
the histories of distressing cancer-related recollections,
PTSD, and major depression were identified retrospectively,
the influence of recall bias should be taken into consider-
ation. Second, the results were obtained from only one in-
stitution. Thus, the subjects are not representative of all
cancer survivors. Third, it was impossible to determine
whether small hippocampal volume occurred as a result of
distressing cancer-related recollections, because we did not
examine the frequency, duration, or severity of the recollec-
tions. Fourth, it is possible that distressing responses other
than cancer-related recollections are related to hippocam-
pal volume, because we did not measure the total distress
caused by the cancer experience. Fifth, although it would
have been a useful adjunct to this study, we did not evaluate
early life stressors in these subjects. Finally, the study was
limited by the lack of a healthy comparison group. Thus, it
was impossible to determine whether the hippocampal vol-
ume of the subjects with a history of distressing cancer-
related recollections was smaller than normal or the vol-
ume of the subjects without a history of distressing cancer-
related recollections was larger than normal.

In conclusion, the findings in this study suggest an asso-
ciation between distressing cancer-related recollections
and morphological differences in the hippocampus of
cancer survivors. The presence of a smaller hippocampal
volume was consistent with findings from previous stud-
ies of stress-related psychiatric disorders, such as PTSD
and depression, although the laterality differed from that
in some of the other studies. A prospective longitudinal
study of cancer survivors is needed to elucidate the source
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of this difference and clarify the causal relationship be-
tween distressing cancer-related recollections and hip-
pocampal alteration.
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