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ABSTRACT
Objective: Prior studies have found that the patients with posttraumatic 
stress disorder (PTSD) have poorer performance on cognitive tests than 
patients without PTSD, but the underlying mechanisms remain unknown. 
We examined the association between PTSD and cognitive function in a 
large cohort and evaluated the role of potential biological and behavioral 
mediators.

Method: A cohort of 535 adult outpatients (≤ 65 years) without dementia, 
stroke, or other neurologic disorders was recruited from 2 Veterans Affairs 
medical centers between February 2008 and June 2010. PTSD was assessed 
with the Clinician Administered PTSD Scale (CAPS) using DSM-IV-TR 
criteria. Cognitive function tests included processing speed, Trails A and 
B, letter fluency, category fluency, and verbal learning and recognition. 
Linear regression was used to evaluate the association between PTSD and 
cognitive function test scores and to assess potential mediators of the 
association.

Results: For our analyses of PTSD and cognitive function, we combined 
178 participants who met criteria for full PTSD and 18 who met criteria for 
partial PTSD and had a CAPS score > 40. After adjusting for demographics, 
these participants with PTSD scored significantly worse on processing 
speed (0.30 standard deviations [SDs], P ≤ .001), category fluency (0.23 SDs, 
P = .01), verbal learning (0.30 SDs, P = .001), and verbal recognition (0.18 
SDs, P = .048) than those without PTSD. These associations were largely 
accounted for by health behaviors, vascular risk factors, and depression.

Conclusions: In this cohort of veterans under age 65 years without known 
neurologic disease, patients with versus without PTSD had significantly 
poorer performance in several domains of cognitive function, particularly 
in tests involving processing speed, executive function, and learning. 
These cognitive deficits were largely explained by modifiable risk factors. 
Interventions targeted at these risk factors might minimize the impact of 
PTSD on cognitive decline and dementia risk as patients age.
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The lifetime prevalence of posttraumatic stress disorder (PTSD) 
in the US general population is estimated at 7%,1 and the 

prevalence among veterans is considerably higher, ranging from 13% 
to 31%.2,3 Despite advances in treatment, PTSD is often a chronic 
condition, with studies in older veterans showing a prevalence of 
12% up to 45 years after combat.4 Prior evidence demonstrates that 
patients with PTSD have an increased risk of cognitive dysfunction 
and nearly double the risk of dementia.5–9 However, the mechanisms 
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s Patients with posttraumatic stress disorder may demonstrate  ■
poorer performance on a variety of cognitive tasks compared 
with those without posttraumatic stress disorder.

Encouragement of healthy lifestyle behaviors and treatment  ■
of vascular risk factors and depression may help improve 
cognitive performance in patients with posttraumatic stress 
disorder.

underlying these impairments in cognition are not known, 
and therefore we have no targeted treatments to prevent 
cognitive decline in these patients. With the ongoing 
conflicts in Afghanistan and Iraq, the aging of veterans from 
prior wars, and the high frequency of noncombat traumatic 
events in the general population, a better understanding of 
how PTSD impacts cognition is urgently needed to prevent 
the disabling consequences of this chronic condition.10,11

Neuroimaging studies have demonstrated that patients 
with	PTSD	have	reductions	 in	 the	 size	of	 brain	regions	
critical to memory and learning, such as the hippocampus, 
ventromedial prefrontal cortex, and anterior cingulate, 
as well as disruption of cortical white matter tracts.12–15 
Yet, the mechanisms underlying these changes also 
remain unknown. Drawing from the literature on causes 
of cognitive decline and dementia, there are several risk 
factors that may be increased in patients with PTSD and 
therefore deserve further study as potential mechanisms.16 
These include specific health behaviors, vascular risk 
factors, and depression.17,18 Regarding health behaviors, 
patients with PTSD have higher rates of substance use and 
sedentary behavior and poorer sleep quality than those 
without PTSD, and each of these behaviors has been linked 
to structural brain abnormalities and cognitive decline.19–25 
Patients with PTSD are also more likely to have vascular 
risk factors, such as diabetes and hypertension, and 
evidence of atherosclerotic coronary artery disease.2,26,27 
Each of these vascular risk factors has also been linked 
to cognitive impairment and dementia.17,28 Despite this 
theoretical evidence for their importance as mediators 
of the association of PTSD and neurologic deficits, such 
behavioral and vascular risk factors have typically gone 
unevaluated in studies of PTSD and cognitive impairment. 
Finally, depression is commonly comorbid with PTSD 
and also associated with cognitive decline, dementia, and 
neuroimaging changes, although the overlapping symptoms 
make understanding the unique contributions of these 
disorders challenging.29–32

Given these previous findings and remaining questions, 
we sought to examine the association of PTSD and multiple 
domains of cognitive function in a large outpatient cohort. 
We	hypothesized	 that	 poorer	 cognitive	 performance	 in	
individuals with PTSD, compared to those without PTSD, 
would be partially mediated by several health behaviors, 
vascular risk factors, and comorbid conditions known to 
be important risk factors for cognitive decline.

METHOD

Participants
The Mind Your Heart Study is an ongoing cohort study 

designed to examine the association between PTSD and 
health outcomes. Patients were recruited between February 
2008 and June 2010 from outpatient clinics affiliated with 2 
Department of Veterans Affairs (VA) medical centers (San 
Francisco VA Medical Center, California, and the VA Palo 
Alto Health Care System, California). Potential participants 
were excluded if they planned on leaving the area in 3 
years or did not have contact information for follow-up. 
As exercise treadmill testing was included in the study 
protocol, participants were also excluded if they were unable 
to walk 1 block or had a myocardial infarction in the prior 
6 months. All patients provided written informed consent 
and the research protocol was approved by the University of 
California, San Francisco Committee on Human Research, 
and the San Francisco VA Medical Center Research and 
Development Committee. 

Overall, 1,020 patients were assessed for eligibility. One 
hundred four patients (10.2%) were found to be ineligible, 
primarily due to lack of contact information for follow-up  
or plans to leave the study area (n = 82). Of the remaining 
916 eligible patients, 170 (18.6%) declined to participate 
or did not complete the baseline interview, leaving 746 
participants ultimately enrolled in the study. To focus on 
individuals with minimal risk of preclinical dementia, 
we restricted our analyses to the 603 subjects who were 
65 years of age or younger and excluded an additional 26 
participants who reported a history of stroke and 25 who 
reported having a neurologic disorder. Nine participants 
were excluded from these analyses because the validity of 
their Clinician Administered PTSD Scale (CAPS) data was 
questionable (eg, participants struggled to report their current 
symptomatology), and 8 were excluded for incomplete 
cognitive function testing, leaving 535 participants for our 
analyses.

PTSD
We evaluated PTSD with the CAPS using criteria from 

the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition, Text Revision (DSM-IV-TR).33 The CAPS is 
the most widely used structured interview for diagnosing 
PTSD34,35 and has excellent test-retest reliability (r = 0.92–
0.99) and internal consistency (α = 0.80–0.90).35 The 
diagnostic interviews were conducted in the San Francisco 
VA Stress and Health Research Program, which has 
performed thousands of CAPS interviews and established in 
an earlier study an interrater reliability intraclass correlation 
coefficient of 0.984.36 Interviews were conducted by masters-
level clinicians and supervised by a licensed clinical 
psychologist (K.W.S.) with expertise in the CAPS and PTSD 
diagnosis. All interviewers were observed by the supervising 
psychologist until they had complete agreement on PTSD 
diagnostic status. Interviews were also reviewed in weekly 
case conferences with the supervising study psychologist.
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We used the “1, 2” CAPS rule of at least a score of 1 
for frequency and 2 for intensity to establish positivity for 
a specific symptom. We selected this rule because of its 
previously demonstrated high sensitivity and its use in prior 
studies of PTSD and neuropsychological outcomes.36,37 The 
PTSD group consisted of subjects with either full (n = 178) or 
partial PTSD, as partial PTSD is associated with significant 
impairment in health and functioning.38,39 Partial PTSD was 
defined as meeting diagnostic criteria for the reexperiencing 
cluster and either avoidance or hyperarousal clusters, in 
addition to the other CAPS criteria.40 We also required this 
group to exhibit symptoms meeting a total CAPS score > 40, 
as defined by the authors of the CAPS as the lower threshold 
for PTSD.35 Eighteen participants in this study met these 
criteria. In sensitivity analyses, excluding these participants 
or combining them with the group without PTSD did not 
substantially change our findings.

Cognitive Function
We used a neuropsychological test battery with measures 

that were selected a priori to assess multiple domains of 
cognition that have been associated with functional disability 
in prior studies.41–45 Measures included the Digit Symbol 
Substitution Test, Trail Making Test (Trails) A and B, letter 
fluency, category fluency, and the Hopkins Verbal Learning 
Test.46–52 All tests were performed and scored by trained staff 
blinded to the PTSD status of participants. 

The Digit Symbol Substitution Test is a validated measure 
of processing speed, working memory, and executive 
function.46 Participants match symbols to numbers using 
a key, with the score representing the number of correct 
number-symbol pairs in a 120-second timed trial. The 
Trails A and B involve processing speed, memory, mental 
flexibility, and executive function.47,48 Participants draw 
lines to sequentially connect encircled numbers (Trails A) 
or alternating numbers and letters (ie, 1-A-2-B, Trails B) on 
a sheet of paper, with the score being the number of seconds 
required to complete the test. We used the Controlled Oral 
Word Association Test to measure letter fluency by asking 
the participant to name as many words as possible beginning 
with the letter L and then F during 60-second trials.49,50 The 
score was calculated as the mean number of correct answers 
on the 2 trials. To measure category fluency, participants 
named as many animals, followed by fruits and vegetables, 
as possible in 60-second trials, with scores calculated as 
the mean number of valid answers.51 These verbal fluency 
tests assess language abilities, processing speed, and 
executive function.53 For the Hopkins Verbal Learning Test, 
participants were read a list of 12 words and asked to name 
as many of the words as they could remember in a total of 
3 trials, with the score calculated as the mean number of 
correct answers (range, 0–12).52 Next, verbal recognition 
was tested by asking participants to identify whether specific 
words were among the 12 previously presented words. Scores 
were calculated as the number of true positives (words from 
the original list that are correctly identified) minus errors 
(range, 0–12).

Covariates
We administered a self-report questionnaire to all patients 

to determine age, sex, race/ethnicity, education, pack years 
of tobacco use, and illicit substance use.54 Medical history 
was	assessed	by	a	standardized	questionnaire	asking,	“Has	
a doctor or nurse ever diagnosed you with the following?” 
with a list of conditions that included dementia, Parkinson’s 
disease, stroke or other neurologic disorders, and standard 
vascular risk factors and events (heart attack, diabetes, high 
blood pressure, elevated cholesterol). We administered the 
Alcohol Use Disorders Identification Test consumption 
questions (AUDIT-C),55 a validated screening questionnaire 
that uses 3 questions to assess frequency and amount of 
alcohol use and yields a total score of 0–12. 

To evaluate overall physical activity, participants were 
asked how often in the last month they performed 15–20 
minutes of exercise. Participants chose 1 of the following 
6 categories: not at all active, a little active (1–2 times per 
month), fairly active (3–4 times per month), quite active 
(1–2 times per week), very active (3–4 times per week), 
and extremely active (5 or more times per week). Those 
who reported being not at all active or a little active were 
considered “inactive,” while those who were fairly active, 
quite active, very active, or extremely active were coded as 
“active.”54 Self-report has been shown to be a reliable method 
of	assessing	physical	activity,	and	this	dichotomized	single	
item measure was a strong predictor of cardiovascular events 
and mortality in a prior study.54 

Sleep quality was assessed with a question from the 
Pittsburgh Sleep Quality Index,56 “During the last month, 
how would you rate your sleep quality overall?” Response 
options included very good, fairly good, good, fairly bad, 
and very bad. Similar to prior studies and based on sample 
distributions, we coded good, fairly good, and good as 
“good” sleep quality and fairly bad or very bad as “poor” 
sleep quality.57 Single-item sleep quality measures have been 
shown to have good test-retest reliability and correlation 
with more extensive questionnaires and to predict multiple 
negative health outcomes.58,59 

We used the 9-item Patient Health Questionnaire 
(PHQ-9)60 to evaluate depressive symptoms. This self-report 
instrument measures the frequency of depressive symptoms 
corresponding to the 9 symptom criteria in the DSM-IV. A 
standard cut point of ≥ 10 is used to define depression and 
has demonstrated excellent validity when compared with 
a mental health interview, with a sensitivity of 88% and a 
specificity of 88%.

Statistical Analysis
We compared differences in characteristics between 

participants with and without PTSD using t tests for 
continuous variables and χ2 tests for categorical variables. 
We evaluated the association of PTSD and each cognitive 
function test using linear regression models. Scores for each 
cognitive function test were normally distributed but were in 
different units (ie, number of seconds for Trails, number of 
words named in 1 minute for verbal fluency) with different 
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possible ranges. Therefore, to allow better comparison 
among	the	different	tests,	we	created	standardized	z scores 
by subtracting the sample mean for a particular test from 
the individual raw score then dividing the difference by 
the sample standard deviation. Using multivariate linear 
regression, we adjusted for patient characteristics from Table 
1	that	we	hypothesized	could	affect	cognitive	function	and	
that were associated with PTSD at P < .20. We developed 
staged models first adjusting for potential confounders (age, 
sex, race), then examining the effects of potential mediators 
by adding health behaviors (tobacco use, alcohol use, illicit 
drug use, physical activity, sleep quality), vascular risk factors 
(myocardial infarction, hypertension, diabetes, elevated 
cholesterol), and depressive symptoms.

We also evaluated the association of PTSD symptom 
severity with cognitive function by repeating these models 
using the same outcomes and covariates but substituting 
current CAPS score (entered per standard deviation) as the 
predictor. All statistical tests were 2-sided with α = .05. We 
used Stata version 11 (StataCorp; College Station, Texas) to 
perform all analyses.

RESULTS
Patient Characteristics

Of the 535 participants, 196 (37%) were included in the 
PTSD group, as described. Characteristics of participants 
with and without PTSD are shown in Table 1. Individuals 
with PTSD were, on average, 1.7 years older, were more likely 
to be female, and were more likely to have a number of poor 
health behaviors and vascular risk factors.

PTSD and Cognitive Function
As shown in Table 2, in unadjusted analyses, individuals 

with PTSD scored significantly worse than individuals without 
PTSD on several cognitive tests. For example, participants 
with PTSD completed 5 fewer items on the processing 
speed test. In models adjusting for age, sex, and race, PTSD 
was associated with significantly worse performance on 
processing speed, category fluency, verbal recall, and verbal 
recognition, with scores 0.18 to 0.30 standard deviations 
[SDs] lower in those with PTSD than those without PTSD 
(Table 3). Adjustment for health behaviors reduced the 
association with processing speed by 13% (ie, reduced from 
−0.30 to −0.26 SDs), category fluency by 9%, and verbal 
learning by 37%, and verbal recognition was no longer 
significant. Additional adjustment for vascular risk factors 
further reduced the coefficient for processing speed by an 
additional 12%, did not change the coefficient for category 
fluency, and eliminated the significance of the association 
with verbal learning. Adjustment for depression reduced the 
coefficient for processing speed by an additional 13%, and the 
association with category fluency was no longer significant.

PTSD Symptom Severity and Cognitive Function
In similar models using PTSD symptom severity score 

rather than PTSD diagnosis as a predictor, greater PTSD 
symptom severity was significantly associated with poorer 

performance on processing speed, category fluency, and 
verbal learning after adjusting for demographics (Table 4). 
These associations remained significant after adjustment 
for health behaviors and vascular risk factors, with the 
coefficient for processing speed reduced by 12%, category 
fluency unchanged, and verbal learning reduced by 33%. 
After further adjustment for depression, PTSD symptom 
severity remained significantly associated only with 
processing speed.

DISCUSSION
In this large cohort of VA patients under age 65 years 

without reported dementia or other neurologic disorders, 
we found that PTSD diagnosis and symptom severity were 
associated with significantly worse performance in a variety 
of cognitive domains, including processing speed and 
learning, independent of demographics. These differences 
were largely accounted for by a combination of poor health 
behaviors and vascular risk factors, highlighting the role of 

Table 1. Participant Characteristics by Posttraumatic Stress 
Disorder (PTSD) Diagnostic Status (N = 535)

Characteristic

No  
Current PTSD

(n = 339)

Current  
PTSD

(n = 196)
P  

Value
Demographic
Age, mean (SD), y 54.2 (8.9) 55.9 (10.0) .03
Female sex, n (%) 13 (3.8) 21 (10.7) .002
White race, n (%) 174 (52.1) 113 (58.0) .19
Highest grade of education, n (%) .47

Less than high school 13 (3.8) 8 (4.1)
High school 55 (16.2) 42 (21.4)
Greater than high school 270 (79.7) 145 (74.0)

Health behavior
Tobacco use, pack years, mean (SD) 14.2 (17.3) 18.2 (20.1) .02
Alcohol use score, mean (SD) 3.4 (3.0) 3.0 (3.3) .10
Illicit drug use, n (%) 40 (11.9) 32 (16.8) .12
Physically active, n (%) 257 (76.3) 111 (58.1) < .001
Good sleep quality, n (%) 240 (71.4) 76 (39.8) < .001
Medical comorbidity, n (%)
Myocardial infarction 17 (5.0) 23 (12.0) .003
Hypertension 149 (44.1) 118 (61.8) .001
Diabetes 46 (13.6) 37 (19.4) .08
Elevated cholesterol 156 (46.2) 104 (54.5) .07
Depression, PHQ-9 score ≥ 10 53 (15.7) 121 (62.7) < .001
Abbreviations: PHQ-9 = 9-item Patient Health Questionnaire, 

SD = standard deviation.

Table 2. Differences in Cognitive Function Scores by 
Posttraumatic Stress Disorder (PTSD) Diagnostic Status 
(N = 535)a

Cognitive Function Test

No 
Current PTSD

(n = 339)

Current 
PTSD

(n = 196)
P  

Value
Processing speed, number correct 60.5 (14.6) 55.6 (14.9) < .001
Trail Making Test A, seconds 32.0 (13.0) 34.5 (12.5) .03
Trail Making Test B, seconds 82.3 (43.8) 87.0 (39.6) .22
Letter fluency, number of words 12.6 (4.1) 12.5 (4.2) .72
Category fluency, number of words 19.1 (4.3) 18.0 (4.6) .004
Verbal learning, number correct 7.5 (1.5) 7.0 (1.7) .002
Verbal recognition, number correct 10.9 (1.3) 10.7 (1.4) .13
aResults are presented as mean (standard deviation). Higher scores 

indicate better performance for all tests except Trail Making Tests A and 
B, for which higher scores indicate poorer (ie, slower) performance.



© 2013 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES.      1067J Clin Psychiatry 74:11, November 2013

Posttraumatic Stress Disorder and Cognitive Function

these factors as potential targets to prevent cognitive decline 
following psychological trauma.

Our work extends prior studies of PTSD and cognitive 
function by evaluating a relatively large clinical sample 
using a gold standard diagnostic measure of PTSD and by 
exploring the role of multiple potential mediators. Several 
important prior studies have evaluated the effects of war-
zone	deployment	and	PTSD	on	cognitive	function.5–9,36,61 
Although	many	studies	have	had	small	sample	sizes	(N	<	50),	
most have found that patients with PTSD have poorer 
performance than controls without PTSD, with deficits in 
attention and memory being most common.36,62,63 While 
several prior studies have adjusted for demographics and 
health behaviors such as alcohol use, to our knowledge, 
no prior studies have comprehensively evaluated potential 
mechanisms linking PTSD to cognitive impairment. In 
our study, adjustment for a variety of health behaviors, 
vascular risk factors, and depression largely explained poorer 
performance on cognitive tests among those with PTSD or 
greater PTSD symptom severity. Even though interpretation 
of adjustment for depression may be complicated by the 
overlap of symptoms with PTSD, these findings highlight 
the important role of potentially modifiable behaviors and 
comorbid conditions in cognitive impairment. Given that 

we focused on a nonelderly population with no known 
dementia or neurologic disorders, these risk factors could 
be targets for preventive efforts to reduce dementia and 
cognitive decline as patients with PTSD age.

To understand the neurologic changes that may underlie 
these cognitive deficits, neuroimaging studies have 
examined structural and functional brain abnormalities in 
patients with PTSD, and some have also included cognitive 
assessments.12	Patients	with	PTSD	have	decreases	in	the	size	
of the hippocampus, an area critical for episodic memory, and 
the frontal lobes, which control higher level processing and 
executive function. In our study, the most notable deficits in 
cognitive tasks correlated with the brain regions shown to be 
affected in prior neuroimaging work. For example, the Digit 
Symbol Substitution Test involves processing speed, working 
memory, and executive function, which depend on frontal 
lobe activation.64 Patients with versus without PTSD also 
had poorer performance on category fluency but not letter 
fluency. Category fluency involves language and memory 
and is linked to the hippocampus. Interestingly, a more 
profound deficit in category versus verbal fluency has also 
been	seen	in	patients	with	Alzheimer’s	disease.51 It has been 
hypothesized	that,	although	both	tasks	involve	memory	and	
the hippocampus, only category fluency requires retrieval 

Table 3. Association of Posttraumatic Stress Disorder (PTSD) Diagnosis and Cognitive Function Scoresa

Model 1b Model 2c Model 3d Model 4e

Cognitive  
Function Test Coefficient (95% CI)

P  
Value Coefficient (95% CI)

P  
Value Coefficient (95% CI)

P  
Value Coefficient (95% CI)

P  
Value

Processing speed –0.30 (−0.46 to −0.13) < .001 –0.26 (−0.43 to −0.08) .005 –0.23 (−0.41 to −0.06) .01 –0.20 (−0.39 to –0.01) .04
Trail Making Test A 0.15 (−0.03 to 0.32) .10 0.16 (−0.03 to 0.35) .09 0.18 (−0.01 to 0.37) .07 0.10 (−0.10 to 0.31) .33
Trail Making Test B 0.08 (−0.09 to 0.26) .34 0.05 (−0.14 to 0.24) .63 0.04 (−0.15 to 0.23) .67 −0.01 (−0.22 to 0.19) .89
Letter fluency −0.02 (−0.20 to 0.16) .83 −0.01 (−0.20 to 0.19) .93 0.00 (−0.20 to 0.20) .99 −0.02 (−0.23 to 0.20) .87
Category fluency –0.23 (−0.40 to −0.05) .01 −0.21 (−0.40 to −0.02) .03 –0.21 (−0.40 to −0.01) .04 −0.12 (−0.32 to 0.10) .28
Verbal learning –0.30 (−0.47 to −0.12) .001 −0.19 (−0.38 to −0.002) .048 −0.18 (−0.37 to 0.02) .07 −0.06 (−0.27 to 0.15) .55
Verbal recognition –0.18 (−0.36 to –0.001) .048 −0.12 (−0.32 to 0.07) .22 −0.13 (−0.32 to 0.07) .21 −0.09 (−0.30 to 0.13) .42
aCoefficients	represent	the	difference,	by	PTSD	status,	in	standardized	scores	on	cognitive	function	tests	(z scores). Bold type indicates significance.
bModel 1 was adjusted for age, sex, and race. 
cModel 2 was adjusted for Model 1 covariates plus health behaviors (pack years of tobacco use, alcohol use score, illicit drug use, physical activity, and 

sleep quality). 
dModel 3 was adjusted for covariates in both Models 1 and 2 plus vascular risk factors (myocardial infarction, hypertension, diabetes, and elevated 

cholesterol). 
eModel 4 was adjusted for covariates in Models 1, 2, and 3 plus depression.

Table 4. Association of Posttraumatic Stress Disorder (PTSD) Severity and Cognitive Function Scoresa

Model 1b Model 2c Model 3d Model 4e

Cognitive  
Function Test Coefficient (95% CI)

P  
Value Coefficient (95% CI)

P  
Value Coefficient (95% CI)

P  
Value Coefficient (95% CI)

P  
Value

Processing speed –0.17 (−0.25 to −0.09) < .001 –0.16 (−0.24 to −0.07) < .001 –0.15 (−0.24 to −0.07) < .001 –0.15 (−0.25 to −0.05) .003
Trail Making Test A 0.07 (−0.01 to 0.15) .09 0.07 (−0.02 to 0.16) .14 0.08 (−0.13 to 0.17) .09 0.04 (−0.07 to 0.14) .50
Trail Making Test B 0.05 (−0.03 to 0.14) .21 0.03 (−0.06 to 0.12) .54 0.03 (−0.06 to 0.12) .46 0.00 (−0.10 to 0.10) .94
Letter fluency −0.04 (−0.12 to 0.05) .42 −0.05 (−0.14 to 0.05) .33 −0.04 (−0.14 to 0.05) .38 −0.07 (−0.17 to 0.04) .23
Category fluency –0.14 (−0.22 to −0.06) .001 –0.14 (−0.23 to −0.05) .002 –0.14 (−0.23 to −0.05) .003 −0.10 (−0.21 to 0.001) .05
Verbal learning –0.15 (−0.23 to −0.06) .001 –0.10 (−0.20 to −0.01) .03 –0.10 (−0.19 to −0.01) .04 −0.04 (−0.14 to 0.07) .51
Verbal recognition –0.07 (−0.15 to 0.02) .11 −0.04 (−0.13 to 0.05) .37 −0.05 (−0.14 to 0.04) .29 −0.03 (−0.13 to 0.08) .62
aCoefficients	represent	the	difference	in	standardized	scores	on	cognitive	function	tests	(z scores) per standard deviation in PTSD symptom severity 

based on current Clinician-Administered PTSD Scale score. Bold type indicates significance.
bModel 1 was adjusted for age, sex, and race.
cModel 2 was adjusted for Model 1 covariates plus health behaviors (pack years of tobacco use, alcohol use score, illicit drug use, physical activity, and 

sleep quality). 
dModel 3 was adjusted for covariates in both Models 1 and 2 plus vascular risk factors (myocardial infarction, hypertension, diabetes, and elevated 

cholesterol).
eModel 4 was adjusted for covariates in Models 1, 2, and 3 plus depression.
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from language memory stores in the temporal lobe.51 
Finally, we found deficits in verbal learning and recognition, 
processes also dependent on the hippocampus and frontal 
lobes.9

PTSD may be linked to cognitive dysfunction and 
underlying structural brain changes through a variety 
of biological and behavioral mechanisms. Traumatic 
stress leads to activation of the hypothalamic-pituitary-
adrenal axis and sympathetic nervous system, causing 
increased catecholamine production65 and heightened 
inflammatory activity.66 Inflammatory cytokines can affect 
the central nervous system by crossing the blood-brain 
barrier or by promoting endogenous secretion within the 
brain.67,68 Although increases in inflammatory cytokines 
can be adaptive in the setting of repair of acute injury, 
chronic inflammation causes neurodegeneration and 
neuronal death and impairs neurogenesis.68 In addition 
to its direct effect on neurons, inflammation accelerates 
atherosclerosis, which could cause cerebral ischemia and 
further neurodegeneration. It is well established that PTSD 
increases ischemic heart disease via accelerated coronary 
atherosclerosis, yet the analogous process has not been 
fully examined in the brain.26 Adjustment for vascular risk 
factors explained a small portion of the association of PTSD 
and cognitive decline, but further evaluation using biologic 
measures of inflammation and atherosclerosis is warranted. 
Prior studies have also demonstrated that patients with PTSD 
have increases in smoking, alcohol use, sedentary lifestyles, 
poor sleep, and depression. Each of these factors has been 
linked to cognitive decline, and indeed they contributed 
to the associations of PTSD and cognitive function in our 
study.19,20,22 Through further study, we may be able to identify 
the specific neurologic structures and functions affected by 
the risk factors that explained the association of PTSD and 
cognitive performance.

Our results should be interpreted in light of several 
limitations. Reflecting the demographics of our recruitment 
population, this sample is mostly male, and results may not 
generalize	to	women	or	nonveteran	populations.	Although	
we chose to examine potential mediators that had prior 
evidence for being on a causal pathway linking PTSD and 
cognitive performance, we cannot evaluate causality with 
these cross-sectional analyses, and it will be important to 
confirm our findings in prospective analyses with repeated 
cognitive testing. In addition, we did not have data on all 
established risk factors for dementia and cognitive decline, 
and it would be important for future studies to examine 
the roles of additional processes, such as inflammation, 
elevated homocysteine, and genetic variation to more 
fully understand the association of PTSD and cognitive 
impairment. We selected a cognitive test battery that 
identified multiple domains of cognitive performance 
associated with a variety of brain regions; however, we lack 
a comprehensive neuropsychological assessment. Finally, 
adjusting for depressive symptoms in patients with PTSD is 
complex given the high comorbidity of these disorders and 
their overlapping symptoms. We did explore stratification 

of our data to separate those with PTSD with and without 
depression and other psychiatric comorbidities, but this 
led to relatively small subgroups, and we feel the differing 
contributions of these disorders would be better explored 
in larger studies.

Despite these limitations, our findings that nonelderly 
patients with PTSD have poorer performance than those 
without PTSD in a number of cognitive domains provide 
rationale for ongoing basic and epidemiologic research 
examining how PTSD impacts brain structure and function. 
While appropriate early identification and evidence-based 
treatment of PTSD are being pursued by the VA and other 
health care centers, our results suggest that poor health 
behaviors, vascular risk factors, and depressive symptoms 
may also be important targets for interventions to improve 
cognitive function and prevent subsequent disability in the 
large number of veterans and civilians with PTSD.
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Posttest To obtain credit, go to  (Keyword: November) 
 to take this Posttest and complete the Evaluation online.

1. In models adjusting for age, sex, and race, participants 
with current posttraumatic stress disorder (PTSD) had 
significantly worse performance on tests of processing 
speed, category fluency, verbal learning, and verbal 
recognition than participants without PTSD. When the 
models were also adjusted for health behaviors (ie, use 
of tobacco, alcohol, and illicit drugs; physical activity; 
sleep quality), ______ was no longer significantly 
different between participants with and without PTSD.

a. Processing speed
b. Category fluency
c. Verbal learning
d. Verbal recognition

2. When the models were also adjusted for vascular 
risk factors (ie, myocardial infarction, hypertension, 
diabetes, elevated cholesterol), ______ was no longer 
significantly different between participants with and 
without PTSD.

a. Processing speed
b. Category fluency
c. Verbal learning
d. Verbal recognition

3. When the models were also adjusted for depression, 
______ was no longer significantly different between 
participants with and without PTSD. 

a. Processing speed
b. Category fluency
c. Verbal learning
d. Verbal recognition

4. Mr G, who is 40 years old, served with armed forces 
in Afghanistan and has current PTSD. He smokes, 
has hypertension and elevated cholesterol, and quit 
exercising when he became depressed. Mr G has no 
history of stroke or neurologic disorder, and dementia 
does not run in his family, but he is having trouble 
remembering grocery items his wife just asked for 
and details of stories his son is telling him. He is 
worried these are signs of early dementia. Which of the 
following statements is the best response to Mr G?  

a. “The processes of verbal learning and recognition are 
dependent on the hippocampus and frontal lobes, which 
decrease	in	size	when	PTSD	occurs,	so	you	should	learn	to	
live with these changes.”

b. “Studies have linked smoking, vascular risk factors, 
being sedentary, and depression with lower cognitive 
performance in patients with PTSD. While we treat the 
PTSD and depression, you may improve your cognition by 
starting to exercise and decreasing your smoking.”

c. “Through further study, researchers may be able to 
identify how PTSD impacts brain structure and function. 
For now, let’s focus on resolving your depression.”
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