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“The hurricane.. has added many new dimen-
sionsg to our lives, and in some cases taken things
away - like our short-term memories.” From “Ka-
trina Brain attacks McGehee,” published in the
online edition of the New Orleans Time-Picayune
(NOLA . com 2/20/06).

Subjective complaints of cognitive impair-
ment among those affected by exposure to se-
vere stress are not an uncommeon or particularly
new phenomenon, as reflected by the integration
of concentration, attention, and memory abnor-
malities into PTSD diagnostic criteria. In recent
years, researchers have increasingly used perfor-
mance-based neuropsychological tasks as objec-
tive measures of cognitive impairment in PTSD.
Correspondingly, as cutlined by Southwick et al.
(2005), knowledge informing the neurobiologi-
cal basis of PTSD has advanced tremendously.
As we learn more about the brain and PTSD, a
natural question arises: How do abmormalities
in brain functioning present behaviorally fol-
lowing trauma exposure? As a “window” into
brain-behavior relationships, neurocognitive re-
search (i.e, the study of cognition as it applies to
the brain) may be particularly well-suited to help
address this question.

This issue of the Research Quarterly addresses
memory deficits and other neurocognitive cor-
relates of PTSD, emphasizing recent advances
from human subjects research in which emotion-
ally-neutral neurocognitive tasks were central
to the methods. Informative reviews of related
literatures addressing information-processing
biases to emotionally relevant information in
PTSD (Constans, 2005), animal models of stress
and cognition (Arnsten, 1998), and functional
neuroimaging (Rauch et al,, 2006), as well as elec-
trophysiological (Metzger et al,, 2005) findings in
PTSD, can be found elsewhere. McNally (2006)
provides a conceptually integrative review of new
advances from the PTSD neuroimaging, informa-
tion processing, and neurocognitive literatures.

Which Neurocognitive Domains Are Affected
in PTSD?

In their review of the earlier literature, Horner
and Hamner (2002) revealed that learning, mem-
ory, attention, and intellectual functioning have

been among the most commonly studied neuro-
cognitive domains in PTSD samples, with learn-
ing and memory studies constituting the largest
proportion of these studies. Memory, however, is
not a unitary construct, and it appears that not
all aspects of learning and mermory are equally
compromised in PTSD-diagnosed individuals.
Vasterling and Brailey (2005) suggest that PTSD
is characterized by relatively less proficient ini-
tial registration of information and heightened
sensitivity to interference, whereas there is less
consistent evidence of impairment in retaining
information over time. As described by Isaac et
al. (2006) in a review of the literature addressing
PTSD and episodic memory, this distinction is
important from the perspective of brain function-
ing. Whereas memory retention is more closely
linked to hippocampal functioning, initial acqui-
sition has been linked to the functional integrity
of the prefrontal cortex, attention, and the ability
to spontaneously utilize strategic processes.

Lindauer et al. (2005), for example, found that
police officers with PTSD, as compared to those
without PTSD, showed heightened sensitivity to
interference and made more recall intrusions (i.e.,
recalled words not presented on the study list)
but did not differ in memory retention. Hippo-
campal volumes were not associated with mem-
ory performance, suggesting that the types of
errors police officers with PTSD diagnoses made
on memory tasks were not attributable to hippo-
campal size.

As a longitudinal illustration of divergence
across memory measures, Yehuda et al. (2006)
compared elderly Holocaust survivors to elderly
comparison participants on memory and PTSD
symptom measures 5 years after their initial as-
sessment. Whereas several measures from a list
learning task improved over 5 years for Holo-
caust survivors, verbal paired associates learning
continued to be relatively impaired among the
survivor group. Interestingly, improvements in
list learning were associated with PTSD symp-
tom remission. In considering the divergence in
longitudinal trajectories across measures among
these aging trauma survivors, the authors specu-
late that memory processes may be differentially
affected by accelerated aging versus PTSD in
trauma survivors.
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Attention can alsc be broken down into more basic
components (e.g., distractibility, mental tracking, vigi-
lance) that appear to be differentially affected in PTSD.
Vasterling et al. (1998; 2002) found that across two
groups of war-zone veterans, veterans with PTSD dis-
played performance weaknesses relative to no-disorder
comparison samples on tasks of working memory and
sustained attention, but not on tasks of attentional shift-
ing or selection of targets from an array. Jenkins et al.
(2000) similarly found that certain aspects of attentional
impairment (e.g., working memory) were associated
with PTSD diagnosis in rape survivors, whereas other
aspects of attentional performance (e.g., shift of atten-
tion) were not.

There is also considerable empirical evidence for as-
sociations between intellectual performance and PTSD,
especially on tasks of verbal intellectual functioning.
The verbal and visuo-spatial dissociation on intellec-
tual tasks is particularly interesting in light of a similar
pattern of relative verbal weaknesses on learning and
memory tasks, pointing to potential functional brain
asymmetries in the direction of relative hypoactivation
of the left hemisphere. For example, Saigh et al. (2006}
found that trauma-exposed youth with PTSD performed
less proficiently on verbal, but not performance (more
visuospatially-oriented) subtests of the Wechsler Intel-
ligence Scale for Children-IIl. Further, trauma-exposed
children without PTSD did not differ appreciably from
non-exposed children, suggesting that performance
decrements in the PTSD group were not simply a func-
tion of trauma exposure.

Examination of executive and other cognitive skills
related to prefrontal functioning constitutes an emerg-
ing area of neurocognitive research in PTSD. The abili-
ties to plan, organize, use strategies, and inhibit irrele-
vant or maladaptive thoughts and actions are critical to
day-to-day function. Current neurobiological concep-
tualizations of PTSD emphasize diminished function-
ing of the prefrontal cortex, but the challenge will be to
identify tasks sensitive to the subregions of the prefron-
tal cortex most involved in the neurobiology of PTSD.
That is, many traditional clinical “prefrontal” neuropsy-
chological tasks such as those assessing mental flexibil-
ity appear to be weighted to a specific region within the
prefrontal cortex known as the dorsolateral prefrontal
cortex, whereas neurobiclogical conceptualizations of
PTSD emphasize the medial and orbital aspects of the
prefrontal cortex.

Alternative approaches to the study of behavioral in-
dicators of prefrontal functioning in PTSD may prove
useful. Koenen et al. (2001) provide an example of the
application of experimental paradigms drawn from
comparative psychology. Using delayed response,
delayed alternation, and delayed matching and non-
matching to sample paradigms, these investigators
made preliminary conclusions that disruptions exist
in specific subregions of the prefrontal cortex among
participants with PTSD. In an example of another ap-
proach to examining behavioral indicators of prefron-

tal functioning, Vasterling et al. (1998) used traditional
neuropsychological tasks but included error analysis to
document PTSD-related disruption of inhibitory func-
tions across cognitive tasks.

PTSD and Cognitive Impairment: Cause or Conse-
quence?

Debate continues about whether PTSD causes cogni-
tive impairment, whether pre-exposure cognitive abili-
ties influence PTSD expression following trauma ex-
posure, or whether the relationship between cognitive
functioning and PTSD is bidirectional. The answers
will have implications for both the conceptualization of
the disorder and the optimal timing of relevant inter-
ventions. Recent findings from twin studies, military
training studies, and longitudinal designs collectively
provide preliminary evidence of potentially bidirec-
tional relationships in which a) pre-exposure neurocog-
nitive functioning is predictive of PTSD following trau-
ma exposure, and b} exposure to extreme stress leads to
diminished neurocognitive performance.

Using twin methodology, Gilbertson and his col-
leagues (2006) provided persuasive evidence that pre-
exposure cognitive functioning is predictive of the like-
lihood of developing PTSD following trauma exposure.
The study compared the cognitive performance of two
groups of twins: (1} pairs in which one twin was com-
bat-exposed and had PTSD (PTSD pair) and (2) pairs in
which one twin was combat-exposed and did not have
PTSD (no-PTSD pair). The remaining twin in each pair
(e, the “co-twin”) was neither combat-exposed nor
suffered PTSD. The findings revealed that both com-
bat-exposed and non-exposed brothers in the PTSD
pairs performed more poorly on tasks of intellectual
functioning, verbal memory, and attention than did no-
PTSD twin pairs. Thus, cognitive differences between
PTSD and no-P'TSD pairs appeared to be more strongly
linked to familial factors than to PTSD or combat expo-
sure. The twin findings are consistent with Macklin et
al. (1998), who used archival data to demonstrate that
pre-exposure intellectual performance was associated
with increased PTSD symptom severity following com-
bat exposure, and Bustamante et al. (2001), who found a
relationship between less proficient verbal learning and
memory performances shortly after trauma exposure
and the subsequent development of PTSD.

Vasterling et al. {2006) took into account pre-exposure
cognitive performances in a large prospective study of
Army soldiers, and found that military deployment to
Iraq was associated with performance disadvantages on
measures of attention, learning, and memory, but with
performance advantages in reaction time efficiency. Two
recent studies indicated that the significant stress asso-
ciated with special operations (Morgan et al., 2006) and
simulated combat (Lieberman et al, 2005) resulted in
pre- to post-training declines in cognitive performances.
Although findings from this body of prospective work
point to cognitive alterations as a consequence of stress
exposure, because cognition was measured shortly after
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stress exposure, these findings do not directly address
whether neurocognitive changes are transient or chron-
ic, or whether they will become associated with PTSD.

Specificity of Cognitive Deficits to PTSD?

Not all studies have revealed associations between
PTSD diagnosis and cognitive performance. Perhaps the
most compelling counterexamples are derived from the
large Centers for Disease Control Vietnam Experiences
Survey database (see Crowell et al, 2002, as the most
recent example). Collectively, these studies suggested
that (1) deficits in individuals with lifetime PTSD diag-
noses differed little from psychiatric or non-psychiatric
samples; (2) those with lifetime PTSD and comeorbidities
performed more poorly than those with lifetime PTSD
alone or with no psychiatric disorders; and (3) there
was little difference in cognitive performances among
those with current PTSD, those with lifetime PTSD, a
psychiatric comparison sample, and a non-psychiatric
comparison sample. There was considerable sample
and measurement overlap across these studiés, however,
suggesting that the findings are not independent.

There are several potential sources of cognitive dys-
function in PTSD samples, including motivational defi-
cits, and psychiatric and somatic comorbidities. Few
studies have directly addressed motivational factors
as a potential etiology for neurocognitive dysfunction
in PTSD, although Beckham et al. (1998) demonstrated
that PTSD-related cognitive deficits remained when
Vietnam veterans receiving disability compensation
were excluded from relevant analyses. Similarly, Vast-
erling et al. (2006) excluded Iraq War veterans who per-
formed below threshold on a motivational task. These
findings, the failure in many studies to find generalized
deficits (as might be expected with poor effort), and the
correlations of cognitive performance with other neural
indicators such as electrophysiclogical activation (e.g.,
Weber et al,, 2005) and neuroimaging findings (Bremrer,
2006) argue against a motivational etiology for PTSD-
associated performance deficits.

Studies examining the contribution of psychiatric co-
morbidities to cognitive deficits in PTSD have provided
mixed results. Because the underlying neurobiological
substrates and symptoms of PTSD overlap somewhat
with emotional disorders such as non-PTSD anxiety
and depression, some overlap in the cognitive profiles
might be expected. With high rates of alcohol use dis-
order comorbidity, the influence of alcohol toxicity on
neuropsychological functioning in PTSD may be par-
ticularly relevant. Using a 4-group design (PTSD+/- by
alcohol+/-) and controlling statistically for the effects of
depression, Samuelson et al. (2006) found that although
alcohol history was associated with visual memory per-
formance, PTSD was associated independently of alcohol
history and depression with verbal memory, attention,
and processing speed. Increased risk of somatic illness
agsociated with chronic stress and physical trauma at
the time of the psychological trauma may also contrib-
ute to cognitive dysfunction (cf. Sutker et al., 1990).

Clinical Implications

Ultimately, the usefulness of research examining neu-
rocognitive functioning in PTSD will be determined by
how well findings are integrated into prevention and
clinical care. Several conceptual models have embraced
such integration. For example, Van der Kolk (2006) de-
scribed how attention and memory impairments poten-
tially facilitate unhealthy disengagement from the pres-
ent. In a cognitive neuroscience model of PTSD with
implications for psychological interventions, Brewin
(2001) suggested that difficulty accessing semantic trau-
ma memories may limit the extent to which the trauma
can be processed and resolved. Asshown by Vermetten
et al. (2003), pharmacological treatment also potentially
benefits both symptom alleviation and cognitive perfor-
mance. Finally, considerably more work is warranted
examining potential interactive effects of trauma expo-
sure and development stage on neurccognitive func-
tioning {cf. De Bellis & Kuchibhatla, 2006).
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clinical evidence has shown that selective serotonin reuptake
inhibitors promote neurcgenesis and reverse the effects of
stress on hippocampal atrophy. This study assessed the ef-
fects of long-term treatrment with paroxetine on hippocampal
volume and declarative memory performance in PTSD. De-
clarative memory was assessed with the Wechsler Memory
Scale-Revised and Selective Reminding Test before and after
9-12 months of treatment with paroxetine in PTSD. Hippo-
campa) volume was measured with MRI. Of the 28 patients
who started the protocol, 23 completed the full course of treat-
ment and neuropsychological testing. Twenty patients were
able to complete MRI imaging. Patients with PTSD showed a
significant improvement in PTSD symptoms with treatment.
Treatment resulted in significant improvements in verbal de-
clarative memory and a 4.6% increase in mean hippocampal
volume, These findings suggest that long-term treatment with
paroxetine is associated with improvement of verbal declara-
tive memory deficits and an increase in hippocampal volume
in PTSD. [adapted from abstract]

WEBER, D.L., CLARK, C.R.,, MCFARLANE, A.C., MOCRES,
K.A,MORRIS, P, & EGAN, G.F. (2005}. Abnormal frontal and
parietal activity during working memory updating in post-
traumatic stress disorder. Psychiatry Research: Neuroimaging,
140, 27-44. This study used event-related potentials (ERPs) to
investigate the timing and scalp topography of working mem-
ory in PTSD. This study was designed to investigate ERPs as-
sociated with a specific working memory updating process.
ERPs were recorded from 10 patients and 10 controls during
two visual tasks where (a) targets were a specific word or (b)

targets were consecutive matching words. In the first task,
nontarget words are not retained in working memory. In the
second task, as in delay-match-to-sample tasks, a non-target
word defines a new target identity, so these words are retained
in working memaory. This working memory updating process
was related to large positive ERPs over frontal and parietal ar-
eas at 400-800 ms, which were smaller in PTSD. Estimation of
cortical source activity indicated abnormal patterns of frontal
and parietal activity in PTSD, which were also observed in re-
gional cerebral blood flow [Clark, C.R., McFarlane, A.C., Mor-
ris, P, Weber, D.L., Sonkkilla, C., Shaw, M., Marcina, J., Tochon-
Danguy, H., Egan, G., 2003. Cerebral function in posttraumatic
stress disorder during verbal working memory updating: a
positron emission tomography study. Biological Psychiatry 53,
474-481]. Frontal and parietal cortex are known to be involved
in distributed networks for working memory processes, inter-
acting with medial temporal areas during episodic memory
processes. Abnormal function in these brain networks helps
to explain everyday concentration and memory difficulties in
PTSD.

YEHUDA, R, TISCHLER, L., GOLIER, J.A., GROSSMAN,
R., BRAND, S.R., KAUFMAN, 5., et al. (2006). Longitudinal
agsessment of cognitive performance in Holocaust survi-
vors with and without PTSD. Biological Psychiatry, 60, 714-721.
There are currently no longitudinal studies of cognitive per-
formance in older patients with PTSD. It is unclear whether re-
lationships between memory and symptoms differ over time
among older persons with and without PTSD. Twenty-eight
Holocaust survivors and 19 comparison subjects were evalu-
ated 5 years after they had received a memory assessment in-
cluding paired-assaciates learning and the California Verbal
Learning Test {CVLT). While Holocaust survivors with PTSD
showed a diminution in symptom severity, they still manifest-
ed a decline in paired associates learning, suggesting an ac-
celeration in age-related memory impairment. The survivors
with PTSD showed improvements on several CVLT measures
over time. These improvements correlated with symptom im-
provements, such that group differences at the follow-up were
no longer detected. The discrepancy in the pattern of perfor-
marnce on these two tests of memory following symptom im-
provement suggests possible differentiation between aspects
of memory functions associated with aging and trauma ex-
posure and those associated with the severity of PTSD symp-
toms. Performance on the CVLT appeared related to clinical
symptom severity while paired associate learning worsened
over time in Holocaust survivors with PTSD, consistent with
earlier cross-sectional findings. [adapted from abstract]
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memory deficits. He then described results from two studies
showing that paroxetine and phenytoin may counteract the
effects of stress on the brain in patients with PTSD.
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The authors reviewed research in the areas of animal condi-
tioning, the neural systems underlying emotion and memory,
and the effect of fear on these systems. He concluded that hip-
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forms of memory are differentially affected by extreme stress,
and contrasts the implications of dual representation theory to
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Relative deficits in select areas of verbal memory after a trau-
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105-130). New York: Guilford Press.
The author reviewed the experimental literature about how
emotionally-relevant information is processed in PTSD. The
chapter focuses on attentional, judgment, and memory biases
for trauma-relevant information. The author concludes that
PTSD is characterized by biases in processing consciously ac-
cessible stimuli, but that there is less evidence of biases on per-
ceptual tasks in which conscious elaboration of the stimuli is
minimized.
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ropsychologist, 16, 310-321.
Neuropsychological measures of intellectual ability, learning,
memory, attention, visuospatial ability, executive function-
ing, language, and psychomotor speed were examined in four
demographically comparable groups of community dwell-
ing veterans differing in PTSD presence and course. The four
groups did not differ on the neuropsychological measures.
Results further suggested that the cognitive difficulties previ-
ously linked to PTSD may actually have been secondary to
preexisting individual differences or other clinical conditions
coexisting with PTSD.

DE BELLIS, M.D., & KUCHIBHATLA, M. {2006). Cerebel-
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matic stress disorder. Biological Psychiatry, 60, 697-703.

The authors compared 58 maltreated children with PTSD to

two groups of children who either had no disorder or gener-
alized arnxiety disorder, by administering a comprehensive

psychiatric assessment and an anatormical magnetic resonance

image brain scan. The results supported cerebellar volume dif-
ferences in maltreated children with PTSD.
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Cognitive functioning was evaluated before, during, and after
an intense and stressful military training exercise. Participants
showed substantial degradation in attention, memory, and
reasoning.
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alterations in PTSD. In ].]. Vasterling & C.R.Brewin (Eds.),
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spectives (pp. 27-58). New York: Guilford Press.
Reviews preclinical and clinical data addressing the relation-
ship between brain regions thought to be critical to the fear
response and three neurotransmitter/ neurchormone systems
(noradrenergic system, serotonergic system, and hypotha-
lamic-pituitary-adrenal (HPA) axis) found to be dysregulated
in PTSD. The authors link neurobiological dysregulation to
PTSD-related cognitive deficits such as executive functioning,
vigilance, working memory, and declarative verbal learning
and memory.
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WAIS-R and Wechsler Memory Scale (WMS) Logical Memory
indices were collected from former prisoners of war (POWSs)
and non-POW combat veterans. Severity of POW confinement
stress (reflected by trauma-induced weight loss) was predic-
tive of long-term compromise in cognitive performance.
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roscience research in PTSD. Annals of the New York Academy

of Sciences, 1071, 277-293.
The author discussed how neuroscience contributes to under-
standing the nature of traumatic stress. He concluded that ef-
fective treatment involves (a) learning to tolerate feelings and
sensations by increasing the capacity for interoception, (b}
learning to modulate arousal, and (c) learning that after con-
frontation with physical helplessness it is essential to engage
in taking effective action.
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Attention, learning, memory, and estimated intellectual po-
tential were examined in 26 Vietnam veterans diagnosed with
PTSD and in 21 Vietnam veterans without mental disorders.
PTSD was associated with cognitive impairment independent
of intellectual functioning.
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THE BEHAVIORAL SCIENCE DIVISION

The NCPTSD Behavioral Sciertce Division (BSD) is one
of the original five sites funded in 1989. Terence M. Keane,
Ph.D., was founding BSD Director and continues in that
role. He shares leadership and administrative responsi-
bilities with Deputy Director Danny Kaloupek, Fh.D,
Associate Director for Education and Training Brett Litz,
Ph.D, and Associate Director for Clinical Programs Lisa
Fisher, Ph.D.

BSD staff are primarily clinical psychologists, each of
whom has a role in the research, training, and clinical
activities of the Division. BSD staff members typically ob-
tain faculty appointments in the Division of Psychiatry
at Boston University School of Medicine. This affiliation
has proved beneficial to our research programs and pro-
fessional development.

For over 25 years, Dr. Keane has worked to improve
measurement of trauma, especially with regard to the im-
pact of military service and combat. As a result, BSD has
a tradition of specializing in the development and valida-
tion of measures for trauma exposure, stress symptoms,
and PTSD diagnosis. Dr. Keane also chaired a landmark
study invelving over 1000 Vietnam veterans that demon-
strated a strong relationship between psychophysiologi-
cal reactions and PTSD status. More recently, Dr. Keane
is collaborating with John Otis, Ph.D,, to develop and
evaluate an integrative approach to treating comorbid
PTSD and chronic pain.

Dr. Kaloupek has expertise in psychophysiological
measurement that he applied in assembling the labora-
tory used by BSD investigators for physiological studies.
In recent years, Mark Miller, Ph.D,, has assumed a ma-
jor role in the lab and has established a productive line
of investigation based around the acoustic startle para-
digm. The general aim of this research is to use startle as
a means for studying the impact of PTSD on the stress-
sensitive hypothalamic-pituitary-adrenal (HPA) system.
Dr. Miller maintains a second major line of research that
relates variation in posttraumatic reactions to fundamen-

tal dimenstons of personality. This work has the poten-
tial to influence clinical assessment as well as revealing
the basic mechanisms of PTSD. Katherine Putnam, Ph.D.,
uses brain imaging (MRI) and salivary cortisol measures,
among others, in studies of individuals with Borderline
Personality Disorder that aim to expand understanding
of how trauma exposure may cause emotional dysregula-
tion.

Dr. Brett Litz directs a diverse research portfolio includ-
ing lab-based studies that address issues related to emo-
tion regulation. He has particular interest in the nature of
siress-related emotional numbing. Dr. Litz is developing
and evaluating interventions that can be delivered via the
internet and self-administered. This work fits well with
recent emphasis on VA services that aim to maximize an
individual’s strengths in promoting rehabilitation and
recovery. Dr. Barbara Niles is working on projects that
address diabetes self-care and control in veterans with
PTSD. Dr. Niles also directs a study of “mindfulness”
meditation, an alternative intervention that has shown
promise for use by veterans with PTSD. Dr. Casey Taft is
addressing issues tied to intimate partner violence. The
primary aims of Dr. Taft’s research are to increase under-
standing of the roles of trauma exposure and PTSD with
respect to violence perpetration and the development of
interventions to reduce the occurrence of violent behavior
in relationships. An additional focus is thé physical and
psychological health impact of violence victimization.

Other senior BSD staff are Jeff Knight, Ph.D,, Steve
Quinn, Ph.D. and Karen Krinsley, Ph.D. The Division was
extremely fortunate during the past year to recruit De-
nise Sloan, Ph.D., and Brian Marx, Ph.D,, two established
trauma experts from the academic world. They are con-
tinuing established research programs on, respectively,
disclosure-based intervention and tonic immobility. Fi-
nally, we look forward to the impending arrival of Kevin
Brailey, Ph.D., and Jennifer Vasterling, Ph.D., experts on
the neuropsychology of PTSD.
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