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We have previously reported smaller hippocampal volume and deficits in short-term memory in
patients with combat-related posttraumatic stress disorder (PTSD) relative to comparison subjects.
The purpose of this study was to compare hippocampal volume in adult survivors of childhood
abuse to matched controls. Magnetic resonance imaging was used to measure volume of the
hippocampus in adult survivors of childhood abuse (n = 17) and healthy subjects (n = 17)
matched on a case-by-case basis for age, sex, race, handedness, years of education, body size, and
years of alcohol abuse. All patients met criteria for PTSD secondary to childhood abuse. PTSD
patients had a 12% smaller left hippocampal volume relative to the matched controls (p < .05),
without smaller volumes of comparison regions (amygdala, caudate, and temporal lobe). The
findings were significant after controlling for alcohol, age, and education, with multiple linear
regression. These findings suggest that a decrease in left hippocampal volume is associated with
abuse-related PTSD.  © 1997 Society of Biological Psychiatry
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Introduction

Childhood physical and sexual abuse is now recognized as
a public health problem of enormous magnitude, with rates
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of sexual abuse estimated to be 11-62% in women and
3-39% in men (Finkelhor 1986). Estimates of the number.
of individuals who develop posttraumatic stress disorder
(PTSD) following exposure to childhood abuse range from
25 to 62% (Albach and Everaerd 1993; Chu and Dill 1990;
Kiser et al 1991; Palmer et al 1992). Although there has
been considerable research into neurobiological correlates
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of other psychiatric disorders, such as schizophrenia,
almost no research has been done in the area of the
neurobiology of childhood abuse.

Preclinical and clinical evidence suggests that stress has
long-term effects on memory function and brain regions
involved in memory (Pitman 1989; Bremner et al 1995a).
High levels of glucocorticoids seen during stress have
been associated with a loss of neurons and a decrease in
dendritic branching in the hippocampus (Uno et al 1989;
Sapolsky et al 1990) with associated deficits in memory
function (Arbel et al 1994; Luine et al 1994). Studies in
human subjects with a history of exposure to traumatic
stress related to being a prisoner of war in Korea (Sutker
et al 1991), as well as studies in patients with PTSD
related to Vietnam combat (Bremner et al 1993a; Uddo et
al 1993; Yehuda et al 1995), have shown deficits in
short-term verbal memory relative to controls. We have
also found smaller right hippocampal volume as measured
with magnetic resonance imaging (MRI) with associated
deficits in verbal memory in Vietnam combat veterans
with PTSD in comparison to matched healthy controls
(Bremner et al 1995b). Some studies have shown a
relationship between childhood abuse (Lewis et al 1979)
or the stress of civil war (Saigh et al 1995) in children and
adolescents and cognitive deficits measured with IQ
(Lewis et al 1979) and academic achievement tests (Saigh
et al in review). We have recently reported deficits in
verbal short-term memory measured with the Wechsler
Memory Scale in adult survivors of childhood abuse
identified with the Early Trauma Inventory (Bremner et al
1995¢c). The purpose of this study was to use MRI to
measure hippocampal volume and comparison brain struc-
tures in adult survivors of childhood abuse and healthy
controls who were maiched on a case-by-case basis for
factors that could affect volume of the hippocampus. We
hypothesized that patients with a history of childhood
abuse would have smaller volume of the hippocampus, but
not of other comparison brain structures, in comparison to
their matched controls.

Methods
Subject Selection

The patient group included 17 adult survivors of severe
childhood physical and/or sexual abuse who were admit-
ted to the inpatient and outpatient psychiatric services of
the West Haven Veterans Affairs Medical Center
(VAMC) over a 10-month period. Screening was per-
formed on all patients entering treatment for either inpa-
tient or outpatient services, and individuals who met
criteria for the study as outlined below were invited to
participate. Twenty-two patients met criteria for the study,
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and 17 completed the study. Of the 5 patients who were
not in the final study sample, 3 were dropped because of
technical limitations in MRI acquisition, 1 patient could
not be matched with a control, and 1 refused participation.
Abuse patients were included who met DSM-III-R criteria
for a psychiatric disorder based on the Schedule for
Affective Disorders and Schizophrenia (SADS-L) or psy-
chiatric interview, and who did not have a history of
combat exposure. Childhood abuse was assessed with the
Early Trauma Inventory (ETI), as described in detail in
another publication (Bremner et al 1995c). We have
developed specific criteria for severe abuse based on the
ETI interview to identify a sample of subjects in which
there is no question that abuse has occurred. Subjects were
included who were exposed to physical abuse involving
being hit with an object, burned, or locked in a closet, or
penetrative sexual abuse, which occurred once a month or
more for at least a year, which had an extremely negative
effect on the individual at the time the event occurred, and
which has an extremely negative effect currently emotion-
ally or on social or occupational functioning. A composite
index of abuse severity was determined based on the ETI
as previously described (Bremner et al 1995c). Although
only the presence of a psychiatric diagnosis was part of the
inclusion criteria, all of the patients met criteria for PTSD
based on the SADS-L or psychiatric interview.

All subjects in this study (both patients and controls)
gave written informed consent for participation. Patients
were excluded with a history of meningitis, traumatic
brain injury, neurological disorder, loss of consciousness
of greater than 10 min, HIV-positive status, current alco-
hol or substance abuse or lifetime schizophrenia based on
the SADS-L, or shrapnel or other foreign bodies that
would preclude MRI scanning. SADS-L data were avail-
able in 14/17 of the childhood abuse patients in the final
sample (Table 1).

Comparison subjects were matched a priori on a case-
by-case basis with the patients to be the same sex, race,
and handedness, to be within 5 years of age, and within 2
years of education. The patient and control groups were
also matched so that there would be no mean difference in
height, weight, or years of alcohol abuse. Years of alcohol
abuse were measured with the Addiction Severity Index
(ASI]) interview (McClellan et al 1985), using a procedure
described in previous publications (Bremner et al 1993a,
1995b, 1995c¢). The rationale, procedure, and strategy for
controlling for potential biases related to alcohol and
substance abuse is described in detail in previous publica-
tions (Bremner et al 1995b). Demographic data for pa-
tients and controls are presented in Table 2, where it can
be seen that there was perfect matching for sex, race, and
handedness. Matching for age and education resulted in a
close (but not perfect) proximity in the mean of these
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Table 1. SADS-L-Based Diagnoses in Adult Survivors of
Childhood Abuse

Diagnosis n (%)
Bipolar disorder

Lifetime 2/14 (14%)
Major depression

Lifetime 12/14 (86%)

Current 4/14 (29%)
Dysthymia

Lifetime 1/14 (7%)
Posttraumatic stress disorder

Lifetime 14/14 (100%)

Current 14/14 (100%)
Panic disorder with agoraphobia

Lifetime 2/14 (14%)

Current 2/14 (14%)
Panic disorder without agoraphobia

Lifetime 5/14 (36%)

Current 2/14 (14%)
Agoraphobia without panic

disorder

Lifetime 3/14 21%)

Current 3/14 (21%)
Social phobia

Lifetime 4/14 (29%)

Current 3/14 (21%)
Simple phobia

Lifetime 3/14 21%)

Current 3/14 21%)
Generalized anxiety disorder

Lifetime 1/14 (7%)

Current 1/14 (7%)
Bulimia

Lifetime 1714 (7%)

Current 1714 (7%)
Anorexia

Lifetime 1/14 (7%)
Alcohol dependence

Lifetime 10/14 (71%)
Alcohol abuse

Lifetime 1/14 (7%)
Marijuana dependence

Lifetime 5/14 (36%)
Marijuana abuse

Lifetime 2/14 (14%)
Stimulant dependence

Lifetime 4/14 (29%)
Stimulant abuse

Lifetime 2/14 (14%)
Opiate dependence

Lifetime 4/14 (29%)
Cocaine dependence

Lifetime 8/14 (57%)
Hallucinogen abuse

Lifetime 1/14 (7%)

There were no patients with a lifetime or current history of bipolar disorder not
otherwise specified (NOS), psychosis NOS, schizophrenia, obsessive—compulsive
disorder, somatization disorder, somatic pain disorder, hypochondriasis, sedative/
hypnotic/anxiolytic dependence or abuse, hallucinogen dependence, or cocaine or
opiate abuse. No patients had current anorexia, bipolar disorder, or dysthymia.
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variables between the two groups, although the difference
for alcohol abuse was greater. There were no statistically
significant differences, however, between patients and
controls in any of the demographic variables measured.

Comparison subjects were excluded with a history of
psychiatric disorder or childhood abuse based on psychi-
atric interview as well as the other exclusion criteria
outlined above for the patients. Urine toxicology and
psychiatric history were utilized to exclude subjects with a
history of substance abuse. Neuropsychological testing of
IQ and memory was performed using the Wechsler Adult
Intelligence Scale and the Wechsler Memory Scale as
described in detail in previous publications (Bremner et al
1993a, 1995b, in press). These data have been reported in
a previous publication (Bremner et al 1995c).

MRI Acquisition, Image Processing, and Analysis

Magnetic resonance images were obtained using a proto-
col of 3-mm contiguous slices on a 1.5-Tesla General
Electric Signa device, with a spoiled GRASS (gradient
recall acquisition in the steady state) sequence with repe-
tition time = 25 msec, echo-time = 5 msec, NEX (number
of excitations) = 2, matrix 256 X 256, and field of view =
16 cm. Images were transferred through computer network
to a Sun Sparc 10 Workstation, where volumetric mea-
surements were performed using methods previously de-
scribed (Bronen and Cheung 1991; Bremner et al 1995b)
and the ANALYZE program (Mayo Foundation, Roches-
ter, MN).

Measurements of a mid-hippocampal segment were
performed independently by two investigators (J.D.B. and
E.V.) who were blinded to subject diagnosis using meth-
ods previously described in detail (Bremner et al 1995b).
The mid-hippocampal segment included five coronal sec-
tions (15 mm) between the superior colliculus and the
bifurcation of the basilar artery, with the first slice anterior
to the superior colliculus (Bronen and Cheung 1991).
Volume of mid-hippocampal body measured using this
method has been shown to correlate with whole volume
measurements (Kim et al 1994). The mean of the two
raters was obtained for the final value of hippocampal
volume. In 3 cases there was a greater than 20% discrep-
ancy in measurements between the two operators. These
scans were blindly reexamined and a consensus measure-
ment was performed. Volumetric assessments were also
made of three other regions for purposes of comparison,
the temporal lobe, caudate, and amygdala. Methodology
and rationale for measurement of temporal lobe and
caudate have been described in detail previously (Bremner
et al 1995b). Volume of the amygdala was determined by
measuring cross-sectional area of the amygdala on the
nonresliced MRI in all slices anterior to the bifurcation of
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Table 2. Demographic Variables in PTSD Patients and Controls
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Patients (n = 17) Controls (n = 17)

Patients (n = 17)

Controls (n = 17)

[mean (range), SD] [mean (range), SD] [No. (%)] [No. (%)} Difference SD

Age (years) 40.1 (30-50), 5.7 42.4 (25-52),7.3 2.29 2.80
Race

White 14 (82%) 14 (82%)

Black 2(12%) 2 (12%)

Hispanic 1 (6%) 1(6%)
Sex, n (%)

Male 12(71%) 12 (71%)

Female 5 (29%) 5(29%)
Education (years) 13.2 (10-18), 2.0 14.5(12-17), 1.8 -1.29 2.36
Height (inches) 67.7 (60-73), 3.3 68.6 (60-75), 3.9 —-0.88 3.43
Weight (Ibs.) 171 (125-250), 33 170 (120-240), 32 0.76 38.48
Handedness

Right 15 (88%) 15 (88%)

Nonright 2 (12%) 2 (12%)
Alcohol abuse 10.2 (0-27), 9.0 4.7(0-22),79 5.53 7.15

the basilar artery (inclusive of the slice in which the
bifurcation of the basilar artery was visualized) (Watson et
al 1992), summing cross-sectional areas, and multiplying
by the slice thickness. Volumes reported for temporal
lobe, amygdala, and caudate are from measurements
performed by a single rater (J.D.B.). We controlled for
differences in brain size by matching patients with a
comparison group of similar height and weight (Arndt et al
1991).

Interrater reliability determined for the measurements in
this study using the intraclass correlation coefficient with
one-way analysis of variance (ANOVA) (Bartko 1966)
(with values of the coefficient approaching one represent-
ing a high level of agreement between two raters) showed
a high level of agreement for the following regions: left
hippocampus internal conversion coefficient (ICC) = .61
(F = 4.13; df = 33,34; p < .01), right hippocampus
ICC = .79 (F = 8.54; df = 33,34; p < .01), left amygdala
ICC = 56 (F = 3.56; df = 33,34; p < .01), right
amygdala ICC = .56 (F = 3.55; df = 33,34; p < .01). We
have previously reported interrater reliability data demon-
strating a high level of agreement for hippocampus,
temporal Jobe, and caudate (Bremner et al 1995b).

Data Analysis

Repeated measures ANOVA with side (left vs. right) as
the repeated measure was performed to compare left and
right hippocampal volume (as well as left and right
caudate and left and right temporal lobe) between patients
and controls. Multiple linear regression was used to
examine the relationship between hippocampal volume
and diagnosis while controlling for other variables includ-
ing alcohol abuse, education, and age. Two-tailed non-
paired ¢ tests were used to compare hippocampal volume

in PTSD patients with and without comorbid depression
and alcohol/substance abuse.

Results

Hippocampal Volume

Repeated measures ANOVA with hemisphere (left vs.
right) as the repeated factor did not show a significant
difference between patients and controls when left and
right hippocampal volume were combined in a single
model (Table 3). There was not a significant main effect
for side (left vs. right hippocampal volume) (F = 2.15;
df = 1,32; p = .15), although there was a significant
interaction between side and diagnosis (F = 4.19; df =
1,32; p = .049). Childhood abuse patients had a 12%
smaller left hippocampal volume than controls, which was
statistically significant by univariate analysis (p < .01)
(Figure 1). A 5% reduction in volume of the right
hippocampus was not significant (Table 3).

Volume of Comparison Regions

Repeated measures ANOVA with side (left vs. right
temporal lobe volume) as the repeated factor did not show
a difference in temporal lobe volume between patients and
controls (i.e., no main effect for diagnosis) (Table 4).

Table 3. Volume of the Hippocampus (mm"®) in Patients and
Controls

Patients (n = 17) Controls (n = 17)

Brain region (mean, SD) (mean, SD) F  p value
Left hippocampus 1050, 152 1193, 142 8.07 .0077
Right hippocampus 1062, 169 1116, 190 0.74 .40
Mean hippocampus 1056, 154 1154, 149 3.57 .07
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Figure 1. Left hippocampal volume in patients with childhood
abuse-related PTSD and matched controls. Individual symbols
represent left hippocampal volume in patients and controls, and
the lines connect patients with the individual matches. There was
a significant difference in volume of the left hippocampus
between patients and controls (p < .05).

There was a significant main effect for side (left vs. right
temporal lobe volume) (F = 19.53; df = 1,32; p = .0001),
but no side by diagnosis interaction, which (consistent
with our previous reports as well as reports from other
groups) suggests a relative increase in right temporal
volume in both groups relative to left. Univariate analyses
showed that the childhood abuse patients had a greater
volume of the left temporal lobe, but not right temporal
lobe, in comparison to the matched controls (Table 4).
Repeated measures ANOVA with side (left vs. right
caudate volume) as the repeated factor showed no differ-
ence in caudate volume between patients and controls (i.e.,
no main effect for diagnosis), main effect for hemisphere,
or side by diagnosis interaction. Univariate analyses did
not show a difference for left or right caudate between
childhood abuse patients and comparison subjects when
examined alone. Repeated measures ANOVA with side

Table 4. Volume of Comparison Brain Structures (mm?) in
Patients and Controls

Patients (n = 17) Controls (n = 17)°

Brain region (mean, SD) (mean, SD) F p value
Left amygdala 2012, 454 2367, 676 324 .08
Right amygdala 2061, 417 2286, 629 1.51 .23
Mean amygdala 2036, 427 2326, 643 240 .13
Left temporal lobe 53,175, 8264 46,839,6038 6.52 .02
Right temporal lobe 56,908, 9865 53,575,8792  1.08 .31

Mean temporal lobe 55,041, 8790 50,206,6211 343 07

Left caudate 2530, 449 2388, 593 0.62 44
Right caudate 2479, 326 2378, 509 047 .50
Mean caudate 2504, 373 2383, 493 0.65 .42

“As described in the Methods section, the volume of the hippocampus and
amygdala was subtracted from that of the temporal lobe.
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(left vs. right amygdala volume) as the repeated factor
showed no difference in amygdala volume between pa-
tients and controls (i.e., no main effect for diagnosis), and
no main effect for hemisphere. In addition, there was no
side by diagnosis interaction (F = 3.66; df = 1,32, p =
.06). Univariate analyses did not show a difference for left
or right amygdala volume between childhood abuse pa-
tients and controls when examined alone (Table 4).

We did not find a relationship between volume of the
hippocampus and volumes of the caudate and temporal
lobe in either the patients or the controls. There was a
significant correlation within the childhood abuse patient
group between mean temporal lobe and caudate (r = .79;
df = 16; p = .0001), which was not seen within the
controls. This correlation was seen on both the left and the
right sides within the childhood abuse patient group.

Hippocampal Volume and Memory

We have previously reported specific deficits in short-term
verbal memory (but not visual memory or IQ) as measured
with the Wechsler Memory Scale-Logical component, for
immediate and delayed recall and percent retention, in a
slightly larger sample of childhood abuse patients that
included all of the patients in this study (Bremner et al
1995c¢). Patients in the current sample also had significant
deficits in verbal memory as measured by the Wechsler
Memory Scale-Logical component relative to controls, for
immediate recall [14.06 (5.92 SD) vs. 23.40 (5.89 SD)]
(t = 3.92; df = 24; p = .0006), delayed recall [10.38 (5.92
SD) vs. 21.20 (5.14 SD)] (t = 4.76; df = 24; p = .0001),
and percent retention [70.94 (25.93 SD) vs. 89.20 (12.36
SD)] (t = 2.07; df = 24; p = .024). In the current study
there was no correlation between Wechsler Memory Scale
immediate recall and left (r = .22; df = 14; p = .40) or
right (r = .056; df = 14; p = .84) hippocampal volume,
or between Wechsler Memory Scale delayed recall and
left (r = .23; df = 14; p = .39) orright (r = .17; df = 14;
p = .54) hippocampal volume in the patients with abuse-
related PTSD.

Relationship between Hippocampal Volume and
Demographic and Clinical Factors

Patients with abuse-related PTSD experienced an average
of 14.9 years of physical abuse (4.0 SD), 7.4 years of
sexual abuse (5.0 SD), and 15.1 years of emotional abuse
(5.3 SD). Number of PTSD symptoms was correlated with
duration (measured in years) of emotional abuse (» = .65;
df = 13; p = .01), and physical abuse (r = .49; df = 13;
p = .07), but not sexual abuse (r = .15; df = 10; p = .67).
There was not a significant correlation between duration
(measured in years) of childhood physical, sexual, or
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emotional abuse as measured with the ETI and left
hippocampal volume in the childhood abuse patients. The
strongest correlation was between years of sexual abuse
and left hippocampal volume (r = —.23; df = 16; p =
.38). There was no correlation between the number of
years since the abuse stopped and left hippocampal vol-
ume for either physical, sexual, or emotional abuse. We
also examined onset of abuse and hippocampal volume.
When patients were divided by a median split into patients
with early onset (less than age 8) and late onset (age 8 or
greater) sexual abuse, there was no difference in left
hippocampal volume between the two groups. Most pa-
tients had early onset physical and sexual abuse, which
prevented a similar comparison between early and late
onset. The correlation between number of PTSD symp-
toms and left hippocampal volume in the abuse patient
group was not statistically significant (r = .29; df = 13;
p = .31).

There was no difference in left hippocampal volume
between PTSD patients with (n = 10) and without (n = 4)
a lifetime history of alcohol dependence (mean = 1054,
SD = 175 vs. mean = 1008, SD = 104), with (n = 5) and
without (n = 9) a lifetime history of marijuana depen-
dence (mean = 1007, SD = 144 vs. mean = 1060, SD =
167), with (n = 4) and without (» = 10) a lifetime history
of stimulant dependence (mean = 1014, SD = 149 vs.
mean = 1052, SD = 165), with (» = 2) and without (n =
12) a lifetime history of sedate/hypnotic/anxiolytic depen-
dence (mean = 1211, SD = 9.9 vs. mean = 1012, SD =
150), with (n = 4) and without (n = 10) a lifetime history
of opiate dependence (mean = 1102, SD = 128 vs.
mean = 1016, SD = 165), or with (n = 8) and without
(n = 6) a lifetime history of cocaine dependence (mean =
1003, SD = 133 vs. mean = 1093, SD = 181). There was
no correlation within the childhood abuse patients between
left or right hippocampal volume and years of alcohol,
heroin, hallucinogen, cocaine, marijuana, or amphetamine
abuse. There was no significant correlation between years
of alcohol abuse and left or right hippocampal volume in
the group as a whole.

We also examined the relationship between left hip-
pocampal volume and comorbid depression in the abuse
patients. There was no difference in left hippocampal
volume between abuse patients with and without current
major depression (mean = 1085, SD = 165 vs. mean =
1023, SD = 106 mm?). There was no correlation between
years of depression, or number of hospitalizations for
depression, and left hippocampal volume. None of the
patients were treated with electroconvulsive therapy.

There was no significant correlation between age, years
of education, height, or weight and left or right hippocam-
pal volume in either patients or controls when examined
separately. When analysis of covariance was performed
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using an index of body mass (height multiplied by weight)
as a covariate, there continued to be a significant relation-
ship between left hippocampal volume and abuse-related
PTSD diagnosis. We did not find a difference in left
hippocampal volume between men (mean = 1067, SD =
162) and women (mean = 1008, SD = 128) abuse patients
(t = 0.72; df = 15; p = 48).

Assessment of Potential Confounders Related to the
Findings of Smaller Left Hippocampal Volume in
Abuse-Related PTSD

This study design involved matching of patients and
controls for a number of factors that may affect hippocam-
pal volume. As noted above, perfect matching was ob-
tained for some factors (sex, race, and handedness), close
but not perfect matching for others (age and education),
and less precise matching for others (alcohol abuse). To
assess the contribution of potential confounders to the
finding of smaller hippocampal volume due to the lack of
a perfect matching, we utilized multiple linear regression
with factors that may affect hippocampal volume, such as
age, years of education, and years of alcohol abuse, as
covariates in a model examining the relationship between
abuse-related PTSD diagnosis and left hippocampal vol-
ume. None of these covariates was significantly related to
right hippocampal volume either individually, or when
included simultaneously in the same model (p > .25 for all
variables). Utilizing a backward selection procedure with
a significance level to stay in the model of p < .05, all
three variables were eliminated from the model, confirm-
ing their nonsignificance. When only diagnosis was in the
model predicting left hippocampal volume, the effect size
for the model (expressed as Rz), was .20, and abuse-related
PTSD diagnosis was significantly related to left hip-
pocampal volume (¢ = 2.84; p = .0077). When years of
alcohol abuse was added to the model, R* was .21, and
abuse-related PTSD diagnosis was related to left hip-
pocampal volume (¢ = 2.52; p = .017), but alcohol was
not (t = 042; p = .68). With inclusion of years of
education in the model, R* was .20, and abuse-related
PTSD diagnosis was related to left hippocampal volume
(t = 2.62; p = .013), but years of education was not (¢ =
.06; p = .95). With inclusion of age in the model, R* was
.22, and abuse-related PTSD diagnosis was related to left
hippocampal volume (¢t = 2.61; p = .013), but age was not
= 1.02; p = 31).

We also measured point estimates and confidence in-
tervals for the difference in volume of left hippocampus
between patients and controls before and after adjustment
for covariates. The difference in left hippocampal volume
between the two groups without adjusting for other factors
was 12.0% [1050 vs. 1193 mm?; mean difference of 143
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mm?, 95% confidence interval (CI) 40-245 mm?®]. After
adjustment for alcohol abuse the point estimate for the
difference between the two groups was materially un-
changed at 11.4% (1053 vs. 1189 mm>; mean difference of
133 mm®, 95% CI 39-247 mm®). After adjustment for
alcohol, education, and age the estimated difference was
materially unchanged at 10.6% (1058 vs. 1184 mm>; mean
difference of 126 mm’, 95% CI 37-249 mm®). In sum-
mary, abuse-related PTSD diagnosis was related to small
left hippocampal volume after controlling for potential
confounders of alcohol, education, and age.

Discussion

Adult survivors of childhood abuse with the diagnosis of
PTSD had a 12% smaller left hippocampal volume in
relation to controls matched on a case-by-case basis for
age, sex, race, handedness, years of education, socioeco-
nomic status, body size, and years of alcohol abuse.
Following application of multiple linear regression to
control for differences in age, education, and alcohol
abuse not completely addressed by the matching proce-
dure, there continued to be a significant relationship
between small left hippocampal volume and abuse-related
PTSD. Furthermore, left hippocampal volume was corre-
lated with duration of childhood abuse (measured in
years). Right hippocampal volume was 5% smaller in the
patients than in the controls, which was not statistically
significant. None of the comparison regions measured in
this study were significantly smaller in the patients in
comparison to controls, including volume of the left or
right caudate, left or right amygdala, or left or right
temporal lobe volume (minus hippocampus and amygda-
la).

There is a considerable amount of evidence derived
from research in animals that suggests that stress is
associated with damage to hippocampal neurons (McEwen
et al 1992). Most studies have focused on the role that
glucocorticoids, which are released during stress, play in
this hippocampal damage. The hippocampus, a major
target organ for glucocorticoids in the brain (McEwen et al
1986), modulates the pituitary—adrenocortical response to
stress (Sapolsky and McEwen 1988). Monkeys who died
spontaneously following exposure to severe stress were
found on autopsy to have multiple gastric ulcers, which
suggested exposure to chronic stress, and hyperplastic
adrenal cortices, consistent with sustained glucocorticoid
release. These monkeys also had damage to the CA3
subfield of the hippocampus (Uno et al 1989). Follow-up
studies suggested that hippocampal damage was associ-
ated with direct exposure of glucocorticoids to the hip-
pocampus (Sapolsky et al 1990). Studies in a variety of
animal species (Aus der Muhlen and Ockenfels 1969;
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Sapolsky et al 1985; Sapolsky et al 1988) suggest that
direct glucocorticoid exposure results in decreased den-
dritic branching (Wooley et al 1990) and a loss of neurons
(Uno et al 1990) that are steroid and tissue specific
(Sapolsky 1985; Packan and Sapolsky 1990). Prenatal
exposure to elevated levels of glucocorticoids also resuits
in hippocampal damage (Uno et al 1990). Studies in
patients with Cushing’s disease, a disease in which there
are high levels of circulating glucocorticoids, show a
negative correlation between plasma cortisol level and
volume of the hippocampus measured with MRI (Stark-
man et al 1992). Glucocorticoids appear to exert their
effect through disruption of cellular metabolism (Law-
rence and Sapolsky 1994) and by increasing the vulnera-
bility of hippocampal neurons to a variety of insults,
including endogenously released excitatory amino acids
(Sapolsky and Pulsinelli 1985; Sapolsky 1986; Sapolsky
1990; Armanini et al 1990; Virgin et al 1991). Glucocor-
ticoids have also been shown to augment extracellular
glutamate accumulation (Stein-Behrens et al 1994). Fur-
thermore, reduction of glucocorticoid exposure prevents
the hippocampal cell loss associated with chronic stress
(Landfield et al 1981; Stein and Sapolsky 1988; Meaney et
al 1988).

Several studies have shown alterations in hypothalam-
ic—pituitary—adrenal axis function in patients with PTSD.
In reviewing this literature, it is important to differentiate
between cortisol levels at the time of traumatic stress and
at some other time following exposure to the event. The
fact that cortisol is increased at the time of stressors is well
established in the preclinical literature (Schatzberg and
Nemeroff 1988). Studies in humans corroborate this: for
example, Korean war veterans had increases in cortisol at
the time of combat stress (Howard et al 1955). Patients
with chronic PTSD probably experience long-standing
changes in cortisol function that are different than the
acute response to the initial stressor. Studies have shown
that exposure to a previous stressor increases the risk of
developing PTSD following exposure to a subsequent
stressor, a phenomenon known as “sensitization.” For
example, we found that exposure to childhood physical
abuse increased the risk for developing combat-related
PTSD in individuals who went to Vietnam (Bremner et al
1993b). Prior exposure to stress may lead to adaptive
changes in the cortisol system, resulting in a relative
blunting of responsiveness of the cortisol system to stress,
as has been described in recent emerging work with rape
victims who later develop PTSD. Studies of combat
veterans showing low cortisol (Mason et al 1986) may be
explainable by long-term chronic adaptive changes in the
system, which is to be differentiated from the acute
response to stress. Other studies in combat veterans,
however, have not replicated the initial findings of hypo-



30 BIOL PSYCHIATRY
1997;41:23-32

cortisolism in combat veterans with PTSD (Pitman and
Orr 1990). The only published study we are aware of in
sexually abused women showed hypercortisolism (Le-
mieux and Coe 1995), as did studies of individuals in the
aftermath of natural disaster (Baum et al 1993). Based on
these preclinical and clinical findings, one explanation for
the findings of the current study is that a surge of cortisol
at the time of the childhood abuse led to damage to the
hippocampus, which persisted until the present and is
detectable by MRI. An alternative explanation is that
patients who were born with smaller hippocampal vol-
umes were more vulnerable to develop psychopathology
in response to childhood abuse. Consistent with this idea,
a recent report has found IQ to be predictive of combat-
related PTSD symptomatology, although again without
premorbid IQ it is not possible to determine whether this
is causal or an outcome of stress (McNally and Shin 1995).

Several questions remain unanswered by our study
findings. We cannot conclude with certainty that small left
hippocampal volume is specific to PTSD, rather than a
nonspecific outcome of exposure to extreme trauma. Our
study also did not answer whether small hippocampal
volume is associated with psychiatric disorders other than
PTSD. In fact, a number of studies have found small left
hippocampal volume in patients with schizophrenia. We
previously found a correlation between deficits in short-
term verbal memory and smaller right hippocampal vol-
ume in patients with combat-related PTSD. There is a
idea, based largely on lesion studies, that the hippocampus
mediates short-term verbal memory. We found deficits in
short-term verbal memory in patients with PTSD related to
childhood abuse; however, in the current study these
deficits were not correlated with smaller left hippocampal
volume. There are several possible explanations for these
discrepant results. It may be that trauma at different stages
of development has different effects on the relationship
between the hippocampus and memory function. For
instance, one might speculate that early trauma results in
hippocampal damage with a volume reduction, but that
neuronal plasticity in the very young has the effect that
short-term memory functions normally mediated by the
hippocampus are partially taken over by other brain
regions. Following this line of reasoning, trauma later in
life, when there is less neuronal plasticity, results in a
tighter relationship between hippocampal damage and loss
of memory function.

In addition to smaller left hippocampal volume, child-
hood abuse patients with PTSD also had a larger volume
of the left temporal lobe in comparison to controls. We
have previously reported that childhood abuse patients
with PTSD perform better than controls on visual memory
tasks, although verbal memory is significantly worse
(Bremner et al 1995c¢). This is a pattern that is divergent
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from our results in combat veterans with PTSD, in which
we found significant reductions in hippocampal volume
and verbal memory function, while temporal lobe volume
and visual memory were only slightly (and not signifi-
cantly) reduced. Again, these discrepant results between
combat veterans and abuse patients may be explainable by
the time of development at which the trauma occurred.
Traumatic stress early in development may have an impact
on brain development that results in a reduction in size of
some brain regions with associated deficits in function
mediated by that region, and an opposite pattern for other
regions. The correlation between caudate volume and
temporal lobe volume that we found within the abuse
patients (but not the controls) may be consistent with a
model in which abuse has specific effects on brain
development that include deviations below and above
normal region size, depending on the particular brain
region.

We carefully considered the possible effects of comor-
bidity with alcohol and substance abuse on hippocampal
volume in the childhood abuse patients. High levels of
alcohol are known to be associated with hippocampal
neuronal damage in rats (Bengoechea and Gonzalo 1991).
Studies using MRI morphometrics in alcoholic patients
have shown volume losses in several brain regions, with
the greatest magnitude of reduction in the caudate lobe,
but also in dorsolateral prefrontal cortex, parietal cortex
(Jernigan et al 1991), and mesial temporal lobe (which
includes hippocampus) (Jernigan et al 1991; Sullivan et al
1995). We are not aware of any evidence of neuronal
damage related to other substances, or a rationale for why
exposure to these substances would be expected to be
associated with hippocampal neuronal damage. We there-
fore elected to match for alcohol only. We continued to
find a significant relationship between small hippocampal
volume and abuse-related PTSD after controlling for
differences in alcohol not addressed by the matching
procedure with multiple linear regression, as noted above.

We have previously reported a statistically significant
8% smaller right hippocampal volume in patients with a
history of combat-related PTSD, and a 4% smaller left
hippocampal volume relative to controls, which was not
statistically significant. This raises the question of why
patients with abuse-related PTSD had smaller left hip-
pocampal volume, whereas patients with combat-related
PTSD had smaller right hippocampal volume, relative to
comparison subjects. One might speculate that there is a
difference in vulnerability of the hippocampus to stress-
induced damage early in life in comparison to later stages
of life. Administration of dexamethasone in utero to
primates has been associated with toxicity to the hip-
pocampus (Uno et al 1990). No studies to our knowledge,
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however, have compared the effects of glucocorticoid-
mediated damage to the hippocampus during stress at
different stages of development. Further work is needed to
understand how stress at different points in the life cycle
may affect the morphology of the hippocampus.
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