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Qbjective: The purpose of this study was to compare the memory function of patients with
posttraumatic stress disorder (PTSD) to that of matched comparison subjects. Method: Viet-
nam veterans with combat-related PTSD (N=26) were compared tc physically healthy com-
parison subjects (N=15) matched for age, race, sex, years of education, handedness, socioeco-
nomic status, and alcobol abuse. Memory and intelligence were assessed with a battery of
neuropsychological tests, including the Russell revision of the Wechsler Memory Scale, the
Selective Reminding Test, and subtests of the Wechsler Adult Intelligence Scale—Revised
(WAIS-R). Results: The PTSD patients scored significantly lower than the comparison subjects
on the Wechsler Memory Scale logical memory measures for immediate recall (mean=11.6,
SD=3.3 versus mean=20.9, $D=6.6) and delayed recall (mean=8.0, SD=3.3 versus mean=17.8,
SD=6.4). The PTSD patients also scored significantly lower on the total recall, long-term
storage, long-term retrieval, and delayed recall measures for the verbal component of the
Selective Reminding Test and on the recall, long-term storage, long-term retrieval, and con-
tinuous long-term retrieval measures for the visual component of the Selective Reminding Test.
There was no significant difference between the PTSD patients and comparison subjects in
prorated full-scale IQ as measured by the WAIS-R. Conclusions: Patients with PTSD may
have deficits in short-term memory. Counseling and rebabilitation that address these deficits

may be of value for PTSD patients.
(Am J Psychiatry 1993; 150:1015-1019)

tudies of war veterans suggest an association be-

tween the extreme stress of combat and alterations
in memory function. Since the time of the first world
war, military psychiatrists have treated soldiers who
wander off the battlefield, having forgotten their names
or other pieces of important personal information (1-
6). In a study from World War II (7) it was found that,
immediately after a major campaign, about 5% of the
soldiers who had been combatants in the campaign had
no memory for events that had just occurred. Follow-up
studies of veterans of World War II have found that
many of these veterans suffer from episodes of “black-
outs” or loss of memory (8). Disturbances of memory
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and concentration also have been found to be frequent
complaints in studies of prisoners of war (POWs) from
World War II (9-12) and the Korean conflict (13). One
study of Korean POWs (13) performed 30 years after
the war showed that these subjects had poorer short-
term verbal memory, as measured with the logical
memory component of the Wechsler Memory Scale,
than did Korean combat veterans without a history of
containment. Most of the patients (68%), however, had
experienced weight loss of greater than 35% of baseline
weight, which has been found to be associated with
memory deficits in POWSs (10). A higher than normal
rate of psychogenic amnesia has also been reported in
Vietnam veterans with combat-related posttraumatic
stress disorder (PTSD) (14). These studies suggested
that alterations in memory may be a component of the
constellation of symptoms associated with exposure to
combat stress, although they did not assess possible or-
ganic etiologies of memory alterations.

Stress may be associated with alterations in memory.
Animals exposed to inescapable stress show deficits in
learning and memory, manifested by impairment in
maze-escape behaviors, in comparison to animals ex-
posed to escapable stress (15-17). In another study,
nonhuman primates exposed to the chronic stress of im-
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proper housing developed damage to the hippocampus
(18), a brain structure involved in memory (19-23).
Glucocorticoids, which are released at high levels dur-
ing stress, appear to have neurotoxic effects on the CA2
and CA3 regions of the hippocampus (24-30). These
studies suggest that exposure to stress may result in al-
terations in memory, possibly through effects on the
hippocampus and adjacent areas.

The importance of the hippocampus and adjacent
cortical areas in learning and memory is demonstrated
by data from neuroanatomical and neuropsychological
studies. Neuroanatomical evidence from studies of the
hippocampus and adjacent cortical areas in nonhuman
primates shows deficits in learning and memory follow-
ing lesions in these areas (31-34). Neuropsychological
studies show deficits in short-term memory in patients
with epilepsy following surgical removal of the tempo-
ral lobe (35) and in epileptic patients with intractable
temporal lobe seizures and associated decreased hippo-
campal volume (36-39). Studies of human amnestic
subjects, such as the well-known case of H.M., also
support a role for the hippocampus in memory (40, 41).

We recently reported lower hippocampal volume in
patients with combat-related PTSD than in matched
comparison subjects (42). Since lesions of the hippo-
campus have been associated with deficits in short-term
memory, the purpose of the present study was to com-
pare short-term memory function in patients with com-
bat-related PTSD and in matched comparison subjects.
We selected a group of healthy comparison subjects for
this purpose who were matched for alcohol abuse, age,
sex, years of education, handedness, and other factors
that could affect memory function.

METHOD

Subjects

The patient group consisted of 26 Vietnam veterans with combat-
related PTSD. They were recruited from the inpatient unit of the Na-
tional Center for Post-Traumatic Stress Disorder, Division of Clinical
Neurosciences, West Haven Veterans Affairs Medical Center. The
diagnosis of PTSD was based on the DSM-III-R criteria for PTSD as
determined with the Structured Clinical Interview for DSM-III-R
(SCID) (43), consensus diagnosis by three research psychiatrists, and
a score of greater than 107 on the Mississippi Scale for Combat-Re-
lated Posttraumatic Stress Disorder (44). None of the patients had a
history of traumatic brain injury, neurological disorder, current alco-
hol abuse as defined by DSM-III-R criteria, or psychosis. Alcohol and
drug abuse were monitored for 2 months before the study while the
patients were on an inpatient PTSD unit, where they received random
toxicology screens for substance abuse. The patient group comprised
26 of 28 consecutively admitted patients who met the criteria for the
study. The effect of loss of consciousness was controlled for by select-
ing patients without extensive loss of consciousness. Of the 26 pa-
tients, 25 did not have a history of sustained loss of consciousness
(defined as loss of consciousness for longer than 10 minutes), and one
patient had a loss of consciousness for 1 hour (not in the past year);
this patient was matched with a comparison subject who had a similar
history. None of the patients or comparison subjects had a history of
loss of consciousness of any duration within the past year. The pa-
tients had undergone a medication washout period before participa-
tion and were medication free for 1 month or more before participa-
tion in the study.
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The 15 comparison subjects were physically healthy and were
matched for a number of factors that may affect memory function.
They were recruited largely from a crew of construction workers and
also included hospital orderlies, other nonprofessional workers, and
unemployed individuals. The comparison subjects did not have a his-
tory of combat exposure and were chosen from the 20 individuals
who were contacted and were eligible for participation in the study.
The comparison subjects and the patients were paid for their partici-
pation in the study. The comparison subjects were matched with the
patients for age, sex, race, handedness, height, weight, years of edu-
cation, years of parental education, and years of alcohol abuse. Sub-
jects with a history of traumatic brain inj ury, meningitis, neurological
disorder, current alcohol abuse according to DSM-III-R criteria and
the SCID interview, physical illness, or psychiatric disorder were ex-
cluded from the study. Subjects were also excluded if they had a his-
tory of loss of consciousness of greater than 10 minutes, except for
the single subject who was matched with the PTSD patient who had
a similar history.

All of the subjects were men. The mean ages of the patients and
comparison subjects were 45.7 (SD=3.8) and 42.3 (SD=10.3) years,
respectively. Their mean education levels were 12.9 (SD=1.9) and
13.5 (SD=2.9) years. Twenty (77%) of the patients and 14 (93%) of
the comparison subjects were right-handed. The patient group com-
prised 25 white subjects (96%) and one black subject (4%), whereas
the comparison group comprised 12 white (80%), two black (13%),
and one Hispanic (7% subjects. There were no significant differences
between the groups in any of these variables.

Assessment

The Addiction Severity Index interview was used to assess lifetime
alcohol abuse. The Addiction Severity Index evaluates the total num-
ber of years an individual has abused alcohol over a lifetime; abuse is
defined as drinking to the point of intoxication, consuming three or
more drinks per day, drinking on a regular basis, and drinking on
three or more days per week (45). The PTSD patients with a history
of alcohol abuse were matched on a case-by-case basis with compari-
son subjects who had a history of alcohol abuse according to the
Addiction Severity Index interview. The mean durations of alcohol
abuse in the two groups were 11.5 (SD=8.4) and 8.1 (SD=10.9) years
(t=0.88, df=39, p=0.38).

The PTSD patients were evaluated with instruments designed to
assess level of current PTSD symptoms and degree of exposure to
combat in Vietnam. The patients were evaluated with the Mississippi
Scale for Combat-Related Posttraumatic Stress Disorder, a self-report
measurement of current PTSD symptom severity with acceptable re-
liability and validity (44). Level of combat exposure was evaluated
with the Combat Exposure Scale, another validated and reliable self-
report instrument for measuring exposure, in order to establish a his-
tory of combat exposure (46).

A bartery of neuropsychological tests was also administered to
each subject, as follows.

1. To estimate an intellectual level for each subject, we adminis-
tered four tests of the Wechsler Adult Intelligence Scale—Revised
(WAIS-R): the arithmetic, vocabulary, picture arrangement, and block
design tests.

2. Two subtests of the Wechsler Memory Scale were administered
according to the Russell revision (47). The subtests included logical
memory—the free recall of two story narratives, which is felt to be a
test of verbal memory—and figural memory—which is felt to repre-
sent visual memory and involves the reproduction of designs after a
10-second presentation. For both subtests, immediate and delayed
reproduction were tested and a percentage of retention was computed
(delayed recall divided by immediate recall multiplied by 100).

3. Two components of the Selective Reminding Test (48, 49) were
completed. The verbal task is a2 measure of verbal learning in which
12 words are presented for immediate recall. On subsequent trials
only the words not recalled on the prior trial are presented. The rask
is complete after two consecutive perfect recall trials or 12 presenta-
tions.

The visual component of the Selective Reminding Test (48, 49) is
modeled on the verbal test; 12 designs are presented one at a time for
3 seconds each, followed by an opportunity 1o draw all from memory.
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Each design that is not accurately reproduced on a given trial is shown
again until perfect recall is attained or 12 trials are reached.

Five indexes of learning and memory are obtained from each of the
selective reminding tasks: total recall, long-term retrieval, long-term
storage, list learning (continuous long-term retrieval), and delayed
recall.

Statistical Analysis

We used t tests to compare the patients and comparison subjects
on each of the subcomponents of the Wechsler Memory Scale, Selec-
tive Reminding Test, and WAIS-R. Two-tailed tests of significance
were used throughout, and Fisher’s exact tests were used when there
were fewer than five observations in a single cell. Pearson’s product
correlations were performed on the neuropsychological test scores
and clinical variables, including the Mississippi scale score. Analysis
of covariance (ANCOVA) was performed to assess differences in
scores on the neuropsychological tests of memory while controlling
for differences in alcohol abuse between the two groups. The hy-
pothesis of this study was that the scores on the scales for measuring
memory function would be lower for the PTSD patients than for the
comparison subjects. Since muitiple comparisons were performed
with 16 different tests of memory, the Bonferroni correction for mul-
tiple comparisons was applied to both the t tests and the correlations.
Significance was defined as p<0.05, and the significance level with the
Bonferroni correction was determined to be p<0.0016.

RESULTS

As shown in table 1, the PTSD patients and compari-
son subjects had similar intelligence levels. The PTSD
patients scored significantly lower on the Wechsler
Memory Scale logical memory (verbal) component
measures for immediate and delayed memory. Scores
on the figural memory (visual) component of the Wech-
sler Memory Scale were slightly lower in the patients
than in the comparison subjects, although the differ-
ence was not significant. After ANCOVA was used to
control for differences in alcohol abuse between the two
groups, the difference in scores on the logical memory
component persisted for immediate memory (F=15.29,
df=1, 38, p=0.0004) and delayed recall (F=42.62, df=1,
38, p<0.0001), and there was a trend toward a differ-
ence in percentage of retention after multiple compari-
sons were controlled for (F=4.94, df=1, 38, p=0.03).

The PTSD patients scored significantly lower than the
comparison subjects on most of the measures for the
verbal and visual components of the Selective Remind-
ing Test. The patients had significantly lower scores on
the total recall, long-term retrieval, long-term storage,
and delayed recall measures of the verbal component
and on the total recall, continuous long-term retrieval,
long-term retrieval, and long-term storage measures
for the visual component (table 1). The difference was
greatest for verbal continuous long-term retrieval, on
which the patients scored 36 % lower than did the com-
parison subjects. After ANCOVA was used to control
for differences in alcohol abuse between the two groups,
the differences in the verbal test measures persisted for
total recall (F=14.09, df=1, 38, p=0.0006), long-term
retrieval (F=15.35, df=1, 38, p=0.0004), long-term
storage (F=13.90, df=1, 38, p=0.0006), and continuous
long-term retrieval (F=12.78, df=1, 38, p=0.001). The

Am | Psychiatry 150:7, July 1993

BREMNER, SCOTT, DELANEY, ET AL.

TABLE 1. IGs and Memory Test Scores of Patients With Combat-Re-
lated PTSD and of Matched Healthy Comparison Subjects

PTSD Comparison

Patients Subjects Two-Tailed t
{(N=26) (N=15) Test (df=39)
Measure Mean SD Mean SD t p
WAIS-R IQ
Verbal 101.0 10.2 101.7 16.4 0.16 0.87
Performance 100.9 16.3 107.7 194 1.15 0.26
Full scale 101.0 11.2 105.8 17.9 1.01 0.32
Wechsler Memory
Scale

Logical memory
Immediate recall 11.6 33 209 6.6 5.07 0.001°
Delayed recall 80 33 178 6.4 5.58 0.0001*
Percent retention 67.0 18.2 82.4 20.2 2.51 0.02
Figural memory

Immediate recall 96 2.7 113 2.8 1.88 0.07
Delayed recall 7.8 4.1 9.6 39 134 0.18
Percent retention 76.5 30.5 82.1 20.9 0.64 0.52
Selective Reminding
Test
Verbal
Total recall 94.5 17.3 114.0 14.1 3.71 0.0006*

Long-term storage 82.2 26.1 109.9 16.9 3.67 0.0007*
Long-term retrieval 724 26.6 103.0 20.1 3.85 0.0004%
Continuous long-

term retrieval 49.0 26.5 76.7 31.4 3.11 0.003

Delayed recall 65 31 100 22 3.78 0.0006°
Visual

Total recall 117.5 149 132.8 6.6 4.55 0.0001°
Long-term storage 115.1 17.4 131.1 8.6 3.95 0.0003*
Long-term retrieval 110.5 18.8 130.3 9.0 4.54 0.0001°
Continuous long-

term retrieval 96.7 26.8 126.7 11.4 5.00 0.0001%

Delayed recall 9.7 3.0

3Significant difference after multiple comparisons were controlled for
(p<0.002).

11.7 0.5 2.87 0.009

differences in the scores on the visual component of the
Selective Reminding Test also persisted for total recall
(F=14.00, df=1, 38, p=0.0006), long-term storage (F=
11.75, df=1, 38, p=0.002), long-term retrieval (F=14.34,
df=1, 38, p=0.000S5), and continuous long-term re-
trieval (F=15.55, df=1, 38, p=0.0003).

Percentage of retention for the Wechsler Memory
Scale figural memory component was correlated with
current level of PTSD symptoms as measured by the
Mississippi Scale for Combat-Related Posttraumatic
Stress Disorder (r=-0.62, df=40, p=0.001).

DISCUSSION

The patients with PTSD in this study scored lower on
neuropsychological tests of memory than did compari-
son subjects matched for variables that could affect
memory. The PTSD patients scored significantly lower
on the logical (verbal) memory component of the Wech-
sler Memory Scale—44% lower on immediate recall
and 55% lower on delayed recall.

The percentage of retention for the figural memory
component of the Wechsler Memory Scale was nega-
tively correlated with PTSD symptom severity as as-
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sessed with the Mississippi Scale for Combat-Related
Posttraumatic Stress Disorder. There may be a relation-
ship between visual memory function level and PTSD
symptom severity, although we did not find a signifi-
cant difference in percentage of retention on the Wech-
sler Memory Scale figural memory component between
the patients and comparison subjects. It is possible that
alterations in visual memory are relevant to the symp-
toms of PTSD. Data from our study suggest that the
deficit is relatively broad based and reflects problems at
several levels of information processing, including both
acquisition and retention/retrieval, although the patient
and comparison groups did not differ significantly in
overall cognitive ability as reflected by IQ.

The PTSD patients in our study displayed memory
problems comparable to those of other clinical popula-
tions with clearly documented temporal lobe damage
and hippocampal involvement. Our finding of 67% re-
tention on the logical memory component of the Wech-
sler Memory Scale is comparable to the 53% retention
in patients with left temporal lobe epilepsy and 74% in
patients with right temporal lobe epilepsy previously
observed (36), while our comparison subjects’ perform-
ance was comparable both to the performance of the
comparison subjects in that study and to normative
data (47). The figural memory component of the Wech-
sler Memory Scale may be a less sensitive measure, as
has previously been observed, and the findings for the
PTSD patients are comparable to those for patients
with temporal lobe seizures (36). In addition, our PTSD
patients’ performance on the verbal component of the
Selective Reminding Test is similar to that of patients
previously studied after temporal lobe and hippocam-
pal resection for intractable epilepsy (50, 51).

There are several possible explanations for our find-
ing of alterations in memory function in patients with
PTSD. Studies in animals of the neuroanatomical cor-
relates of memory provide evidence for a role of the
hippocampus in memory. Procedures on monkeys in-
volving the H+ lesion, which ablates hippocampus and
surrounding parahippocampal gyrus, entorrhinal cor-
tex, and perirhinal cortex, result in significant impair-
ments in short-term memory (23, 32, 33). Lesions in-
volving the amygdala alone do not result in a similar
degree of impairment (31). The hippocampus has also
been shown to have a specific function in object-place
memory, or memory of an object’s position in space
(52). We recently reported that PTSD may be associated
with low hippocampal volume (42). These studies sug-
gest that alterations in the hippocampus and possibly
other brain structures involved in memory, such as the
amygdala, prefrontal cortex, and temporal lobe, may
result in deficits in memory function. Another possible
explanation is that deficits in concentration in patients
with PTSD are responsible for impairment on neuro-
psychological tests of memory. Our findings of deficits
in immediate recall are consistent with this explanation.

Several aspects of this study may limit generalization
of the results of this study. Although we attempted to
control for the effects of alcohol abuse by matching for
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the total number of years.of alcohol abuse with the Ad-
diction Severity Index, we may not have adequately
controlled for the effects of alcohol on memory func-
tion. In addition, the fact that our patients were seeking
treatment for their psychiatric condition may limit the
extent to which our findings can be generalized to non-
treatment-seeking populations or to patients with non-
combat-related PTSD. The fact that the comparison
subjects did not have a history of combat exposure sug-
gests that deficits in memory may not be ascribed to
PTSD per se but, rather, to the effects of combat expo-
sure. In this regard, however, it should be pointed out
that comparing PTSD patients to healthy comparison
subjects matched for factors that have been suggested
to affect memory function is an appropriate first step
and can be followed up by future studies.

Our findings may have implications for the diagnosis
and treatment of PTSD. Neuropsychological testing
may represent an objective assessment of patients with
combat-related PTSD and should be considered in the
assessment of patients with the diagnosis. Rehabilita-
tion strategies oriented toward compensation for defi-
cits in memory may be of value for PTSD patients.
Proper counseling with a full knowledge of the deficits
these patients are facing may be beneficial in helping
these patients succeed in occupations for which they
have the most potential.
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