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Interactive Effect of Traumatic Brain Injury and Psychiatric
Symptoms on Cognition among Late Middle-Aged Men:

Findings from the Vietnam Era Twin Study of Aging

Allison R. Kaup,1,* Rosemary Toomey,2,* Katherine J. Bangen,3,4 Lisa Delano-Wood,3–5 Kristine Yaffe,6

Matthew S. Panizzon,3,4,7 Michael J. Lyons,2 Carol E. Franz,4,7 and William S. Kremen4,7

Abstract

Traumatic brain injury (TBI), post-traumatic stress disorder (PTSD), and depressive symptoms each increase the risk for

cognitive impairment in older adults. We investigated whether TBI has long-term associations with cognition in late

middle-aged men, and examined the role of current PTSD/depressive symptoms. Participants were 953 men (ages 56–66)

from the Vietnam Era Twin Study of Aging (VETSA), who were classified by presence or absence of (1) history of TBI

and (2) current elevated psychiatric symptoms (defined as PTSD or depressive symptoms above cutoffs). TBIs had

occurred an average of 35 years prior to assessment. Participants completed cognitive testing examining nine domains. In

mixed-effects models, we tested the effect of TBI on cognition including for interactions between TBI and elevated

psychiatric symptoms. Models adjusted for age, pre-morbid cognitive ability assessed at average age 20 years, apolipoprotein

E genotype, and substance abuse; 33% (n = 310) of participants had TBI, mostly mild and remote; and 23% (n = 72) of those

with TBI and 18% (n = 117) without TBI had current elevated psychiatric symptoms. TBI and psychiatric symptoms had

interactive effects on cognition, particularly executive functioning. Group comparison analyses showed that men with both

TBI and psychiatric symptoms demonstrated deficits primarily in executive functioning. Cognition was largely unaffected in

men with either risk factor in isolation. Among late middle-aged men, the combination of even mild and very remote TBI

with current elevated psychiatric symptoms is associated with deficits in executive function and related abilities. Future

longitudinal studies should investigate how TBI and psychiatric factors interact to impact brain aging.
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Introduction

The Centers for Disease Control and Prevention (CDC)

estimated there were 2,500,000 traumatic brain injury (TBI)-

related emergency department visits, hospitalizations, or deaths in

the United States in 2010.1 Many more TBIs, particularly milder

injuries referred to as mild TBI (mTBI) or concussion, are likely not

captured in such estimates.2 TBI can cause cognitive deficits and

other symptoms post-injury,3 followed by variable recovery over

time.4 Growing evidence suggests that TBI may have long-term

negative effects on aging. TBI-associated cognitive deficits can

persist for years to decades,5,6 and older adults with a lifetime

history of TBI may be at increased risk of developing mild cog-

nitive impairment (MCI) and dementia.7–9 However, whether

remote TBI leads to cognitive problems in aging remains contro-

versial,10,11 particularly for mTBI. Although associations between

moderate and severe TBI and risk of dementia are fairly well

supported,12 few studies have specifically evaluated the long-term

effects of mTBI13 with little focus on single mTBI.

Other factors may influence whether individuals with a history

of TBI develop cognitive impairment as they age. Psychiatric

conditions, especially depression and post-traumatic stress disorder

(PTSD), are relatively common among individuals with TBI,14–18

and TBI and psychiatric factors may be related to each other.14–18

These psychiatric conditions are themselves associated with cogni-

tive performance deficits19–21 and increased risk for dementia.22,23
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Particularly in younger populations with mTBI, it has even been

argued that persistent cognitive difficulties post-injury may be

driven by psychiatric symptoms rather than by the TBI itself.24–26

However, in contrast, another study of younger individuals found

that TBI and PTSD have compounding deleterious effects on

cognition.27 The impact of TBI and psychiatric symptoms in

combination has been less well studied in aging, and findings have

been mixed. One study suggested that psychiatric factors were

driving associations between TBI and cognitive impairment in

older adulthood because the association between TBI and MCI was

eliminated after adjusting for depression.28 In contrast, another

study found additive effects of TBI and psychiatric factors on the

risk of dementia in older veterans.29

We aimed to investigate whether prior TBI has long-term as-

sociations with cognition in late midlife and determine whether and

how midlife psychiatric factors (specifically, PTSD and depressive

symptoms) influence associations between TBI and cognition.

Alternatively, the same research approach can be viewed as de-

termining whether the association between midlife psychiatric

factors and cognition differs as a function of having prior TBI. We

investigated these questions among late middle-aged men from

the Vietnam Era Twin Study of Aging (VETSA), a sample that is

largely representative of the general population of similarly-aged

men in the United States with respect to health and lifestyle factors

based on CDC data.30 We hypothesized that TBI would be asso-

ciated with worse cognitive functioning, above and beyond the

effect of current psychiatric factors, and that cognitive dysfunction

would be greatest among men with both TBI and current psychi-

atric conditions.

Methods

Population

Participants were from the VETSA project, a longitudinal study
of cognitive and brain aging among middle-aged male twins who
served in the United States military sometime between 1965 and
1975. VETSA methodology has been detailed elsewhere.30,31

VETSA participants were recruited from the Vietnam Era Twin
Registry, a national database of male-male twin pairs who both
served in the military during the Vietnam Era, although most
VETSA participants (*80%) did not experience combat.32,33 Data
collection took place at the University of California, San Diego and
Boston University. A total of 1237 men (ages 51–60) participated in
VETSA Wave 1. An average of 5.6 years later, 1018 of these men
(ages 56–66) returned to participate in Wave 2. The study was
approved by institutional review boards at both sites, and all par-
ticipants provided written informed consent.

Here, we focused on Wave 2 data, as the most comprehensive
assessment of lifetime TBI was conducted at that time. Of the 1018
Wave 2 participants, 37 had missing TBI data, 17 could not be
clearly classified for TBI status, and 11 had missing psychiatric
symptom data. The present analyses focused on the remaining 953
participants. The 65 participants who had missing TBI or psychi-
atric data or were unclassifiable for TBI status were similar to the
953 remaining participants in terms of age, education, pre-morbid
cognitive ability, and apolipoprotein E (APOE)-e4 status (all
p > 0.05). Although they had lower levels of current alcohol use
( p = 0.04) than the 953 remaining participants, there were no dif-
ferences in the other health variables listed in the subsequent
sections (all p > 0.05).

Measures

TBI. Participants were interviewed to ascertain lifetime ex-
posure to TBI. First, participants were asked: (1) ‘‘Have you ever

had a severe head injury that was associated with loss of con-
sciousness or confusion?’’ (2) ‘‘Have you ever been told by a doctor
that you had a concussion? (If yes, how many times?),’’ and (3)
‘‘Altogether, how many different head injuries or concussions (all
total) have you had?’’ Participants who denied head injury on all
questions were considered to have no history of TBI. Participants
who responded in the affirmative to any of these questions were
interviewed regarding the details of each head injury, including age
and cause of injury, presence/duration of loss of consciousness
(LOC), confusion or memory loss, seizures related to the injury,
and whether they received medical attention or were hospitalized
overnight. LOC was coded as follows: No LOC, LOC £5 min, LOC
>5 min to £20 min, LOC >20 min to several hours, LOC for several
hours to 1 day, and LOC >1 day. Duration of post-traumatic am-
nesia (PTA) was coded as follows: No PTA, PTA <1 h, PTA ‡1 h to
<24 h, PTA ‡24 h to 7 days, and PTA >7 days.

We utilized details about each head injury to distinguish likely
TBIs from asymptomatic head injuries. A head injury was con-
sidered to meet criteria for TBI if descriptions were positive for: (1)
LOC for any length of time, (2) confusion or memory loss, (3)
seizures related to the injury, (4) receipt of medical attention, or (5)
overnight hospitalization. We considered 17 individuals who had
experienced only asymptomatic head injury to be unclassifiable,
and we excluded them from our analysis. For participants with a
history of TBI, each TBI was further classified by injury severity
based on LOC and PTA duration, approximating standard Veterans
Administration (VA)/Department of Defense (DOD) recommen-
dations for defining mild, moderate, and severe TBI,34 although
these guidelines were not used in the original design of the TBI
assessment. mTBI was defined as LOC £20 min and/or PTA <24 h.
Moderate TBI was defined as LOC >20 min to 1 day and/or PTA
‡24 h to 7 days. Severe TBI was defined as LOC >1 day and/or PTA
>7 days.

Current psychiatric symptoms. PTSD and depressive
symptoms. To assess current PTSD symptoms, participants com-
pleted the PTSD Checklist (PCL) – Civilian version,35,36 a 17-item
checklist that assesses PTSD symptoms as outlined in the Diag-
nostic and Statistical Manual of Mental Disorders, 4th Revision
(DSM-IV). Total possible score ranges from 17 to 85, with higher
scores indicating greater symptoms. (The Civilian, rather than
the Military, version of the PCL was used so that assessment was
not limited to symptoms from military-related traumatic events,
particularly because most VETSA participants did not see combat
[as noted] and had had military service that had ended decades
prior to this assessment). To assess current depressive symptoms,
participants completed the Center for Epidemiologic Studies –
Depression Scale (CES-D),37 a 20-item symptom checklist. Total
score ranges from 0 to 60, with higher scores indicating greater
symptoms.

PTSD is often comorbid with depression,38,39 and the two
symptom scales were strongly correlated (r = 0.77, p < 0.001) in our
cohort, making it difficult to disentangle the effects of these dif-
ferent conditions. Therefore, we classified individuals based on
whether or not they had current clinically significant symptoms for
either condition, reflecting overall presence/absence of elevated
symptoms. For depressive symptoms, we applied the recommended
cutoff score of ‡16 for the CES-D.40 For PTSD symptoms, we
applied a cutoff score of ‡36 for the PCL.41 This cut-point is re-
commended for detection of elevated PTSD symptoms among
veterans in general settings (e.g., VA Primary Care) and strikes a
balance between lower cut-points recommended for use in general
civilian settings and higher cut-points recommended for use among
veterans and civilians in mental health clinics.41 Participants who
met or exceeded either symptom cut-off are henceforth referred
to as having current elevated psychiatric symptoms (abbreviated
as ‘‘Psych’’).
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Cognition. Participants were administered a comprehensive
neurocognitive battery of standard measures, from which domain
scores representing nine cognitive functions were derived.42,43 Raw
scores for individual tests were converted to z-scores using means
and standard deviations calculated from all Wave 2 VETSA par-
ticipants, such that higher z-scores indicate better performance. For
cognitive functions measured with multiple tests, a domain score
was calculated by averaging z-scores across tests. Several execu-
tive function tasks were included in the test battery, but these were
examined individually, because these are differentiated in the ex-
ecutive function literature.44 Visual spatial function was assessed
with the Mental Rotation Test45 and the Hidden Figures Test.46

Working memory was assessed with Digit Span – Forward and
Backward, Letter-Number Sequencing, and Spatial Span – Forward
and Backward tests from the Wechsler Memory Scale – III (WMS-
III)47 and a modified Reading Span test.48 Episodic memory was
assessed with the California Verbal Learning Test – Second Edition
(CVLT-II)49 – Total Learning, Short Delay Free Recall, and Long
Delay Free Recall; WMS-III Logical Memory47 – Immediate Re-
call and Delayed Recall; and WMS-III Visual Reproduction47 –
Immediate Recall and Delayed Recall. Processing speed was
assessed with the Stroop Word Reading and Color Reading Subt-
ests50 and the Delis-Kaplan Executive Function System (D-KEFS)
Trails Number Sequencing and Letter Sequencing tests.51 Verbal
fluency was assessed with the D-KEFS Letter Fluency and Cate-
gory Fluency tests.51 Abstract reasoning was assessed with the
Wechsler Abbreviated Scale of Intelligence (WASI) Matrix Rea-
soning.52 Trails switching was assessed with the D-KEFS Trails
Letter-Number Switching test51 (score adjusted for D-KEFS Trails
Number Sequencing and Letter Sequencing performance). Cate-
gory switching was assessed with the D-KEFS Verbal Fluency
Category Switching test51 (score adjusted for D-KEFS Category
Fluency performance). Inhibition was assessed with the Stroop
Color-Word interference score,50 which is adjusted for word reading
and color reading performance.

Other variables. Participants self-reported their age and ed-
ucation. As a measure of pre-morbid cognitive ability, we used
Armed Forces Qualification Test (AFQT)53 scores, completed just
prior to military induction (at mean age of 20 years old; score range
10–100). APOE-e4 is the major risk allele for Alzheimer’s dis-
ease.54 Carrier status was determined from blood samples and was
based on presence/absence of at least one e4 allele.55,56 Hy-
pertension, high cholesterol, diabetes, and history of substance
abuse (alcohol or drugs) were determined via self-report (‘‘have
you ever been told by a physician that you had.’’). Participants
self-reported current alcohol use (within the past 14 days), and this
was coded as none, £1 drink per day, >1 and £2 drinks per day, or
>2 drinks per day. Body mass index (BMI) was calculated from
height and weight.

Statistical analysis

Using mixed-effects models, we examined whether men with
and without a history of TBI (TBI+ or TBI-) differed by demo-
graphics (age, education), pre-morbid cognitive functioning (age
20 AFQT score), APOE-e4 status (e4+ vs. e4-), cardiovascular
health factors, substance abuse, current alcohol use, current PTSD
and depressive symptoms, and presence/absence of current ele-
vated psychiatric symptoms (Psych). These models account for
correlated observations (persons nested within twin pairs) as a
random effect. We used SAS PROC MIXED for continuous vari-
ables and SAS PROC GLIMMIX for binary and count variables.

In mixed-effects models, we first tested the main effect of TBI on
the cognitive outcomes, adjusting for presence of current elevated
psychiatric symptoms (Psych). The models also adjusted for age,
pre-morbid cognitive ability, APOE-e4 status, and other health
factors that differed between those with and without TBI ( p < 0.05)

as detailed. Next, we tested for TBI · Psych interactions by adding
an interaction term. These analyses were conducted using SAS
PROC MIXED. We used the false discovery rate (FDR)57 to correct
for multiple testing.

Results

Of the 953 participants, 33% (n = 310) met criteria for history of

TBI, and 67% (n = 643) had no TBI. Participant characteristics are

shown in Table 1. The TBI+ group was similar to the TBI- group in

terms of age, education, pre-morbid cognitive ability, APOE-e4
status, and cardiovascular health factors (all p > 0.05). However,

those with TBI were more likely to have a history of substance

abuse ( p = 0.046) as well as more symptoms on the PCL ( p =
0.007). Most of the TBI group reported only one TBI over their

lifetimes, and the vast majority were classified as mild at worst

(see Table 2).

Main effect and interaction results

Table 3 shows results of mixed model analyses testing for a main

effect of TBI on the cognitive outcomes, and for the main effect of

Psych. All models accounted for correlated observations (persons

nested within twin pairs) as a random effect and adjusted for age,

age 20 AFQT, APOE-e4, and history of substance abuse. The only

significant main effect of TBI was on abstract reasoning ( p < 0.05),

such that TBI was associated with lower performance. However,

this did not survive FDR control. In these same models, there was a

significant main effect of Psych on multiple cognitive domains,

such that presence of current elevated psychiatric symptoms was

associated with lower performance on the episodic memory, verbal

fluency, visual spatial, working memory, abstract reasoning, and

processing speed domains, with effects for the latter four domains

surviving FDR control. As shown in Table 3, adding the TBI ·
Psych interaction term to these models revealed significant inter-

actions for multiple domains, specifically abstract reasoning, verbal

fluency, trails switching, category switching, and inhibition. The

interaction effect on inhibition, which survived FDR control, is

shown in Figure 1A and B. The other interaction effects were in a

similar pattern, although they did not survive FDR control.

Group comparisons

Given findings of TBI · Psych interactions on several cognitive

domains, we further explored these relationships by characterizing

cognitive profiles of clinically relevant groups. We classified in-

dividuals into the following four groups: (1) those who had ‘‘TBI

only’’ (TBI+ and Psych-; n = 238), (2) those who had only current

elevated psychiatric symptoms; that is, ‘‘Psych only’’ (TBI- and

Psych+; n = 117), (3) those who had ‘‘both TBI and Psych’’ (TBI+
and Psych+; n = 72), and (4) those who had ‘‘neither’’ TBI nor

current elevated psychiatric symptoms (TBI- and Psych-; n = 526).

Using this four-level categorical variable, we tested for group

differences on cognition relative to the ‘‘neither’’ group as the

reference category, thus testing for cognitive deficits compared

with those with neither risk factor. These models accounted for the

same factors as mentioned (i.e., correlated observations as random

effect and adjusted for age, age 20 AFQT, APOE-e4, and history of

substance abuse). As shown in Figure 2, the ‘‘TBI only’’ and

‘‘Psych only’’ groups did not differ from the ‘‘neither’’ group

on any cognitive domain. In contrast, the ‘‘both TBI and Psych’’

group showed significant cognitive deficits on working memory

(Estimate = -0.21, p = 0.009), abstract reasoning (Estimate = -0.56,
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p < 0.001), verbal fluency (Estimate = -0.24, p = 0.03), inhibition

(Estimate = -0.37, p = 0.004), and processing speed (Estimate =
-0.23, p = 0.01).

We conducted sensitivity analyses to explore the influence of

number of TBIs, time since TBI, and TBI severity on group com-

parison results. First, we excluded 95 men who had two or more

TBIs, and results remained similar. Similarly, our results remained

unchanged when we focused on remote TBI (through exclusion of

21 men who had had TBI within the past 5 years). Finally, to

examine whether results might be driven by individuals with

moderate or severe TBI, we divided participants into the follow-

ing groups: (1) ‘‘mTBI only’’ (mTBI+ and Psych- ; n = 167), 2)

‘‘moderate-to-severe TBI only’’ (moderate-to-severe TBI+ and

Psych- ; n = 69), (3) ‘‘Psych only’’ (TBI- and Psych+; n = 117), (4)

‘‘mTBI and Psych’’ (mTBI+ and Psych+; n = 56), and (5)

‘‘moderate-to-severe TBI and Psych’’ (moderate-to-severe TBI+
and Psych+; n = 14), versus those who had ‘‘neither’’ (TBI- and

Psych- ; n = 526). As shown in Figure 3, the overall pattern of

results remained similar to results when not distinguishing by TBI

severity, in that deficits were primarily seen in individuals who had

both TBI and Psych. The ‘‘mTBI and Psych’’ group showed cog-

nitive deficits compared with the ‘‘neither’’ group on multiple

domains: working memory (Estimate = -0.22, SE = 0.09, p = 0.01),

abstract reasoning (Estimate = -0.48, SE = 0.13, p < 0.001), inhibi-

tion (Estimate = -0.36, SE = 0.15, p = 0.01), and processing speed

(Estimate = -0.22, SE = 0.10, p = 0.03). The ‘‘mTBI Only’’ group

showed a deficit on abstract reasoning (Estimate = -0.16, SE = 0.08,

p = 0.04), but did not demonstrate difficulties in other cogni-

tive domains. Statistical tests for the ‘‘moderate-to-severe TBI +
Psych’’ group had limited power because of the small sample size

(n = 14). Nevertheless, this group showed a significant deficit on

abstract reasoning (Estimate = -0.79, SE = 0.24, p = 0.001), whereas

the ‘‘moderate-to-severe TBI only’’ group did not show deficits in

any cognitive domain and performed relatively better than the

‘‘neither’’ group on episodic memory (Estimate = 0.17, SE = 0.09,

p = 0.04).

Table 2. TBI History Details

Mean (SD) or %(n) TBI+ (n = 310)

TBI severity, % of participants
mTBI 71.9% (223)
Any moderate-to-severe TBI 26.8% (83)
Unknown 1.3% (4)

Number of TBI(s), % of participants
1 69.4% (215)
2 18.7% (58)
3+ 11.9% (37)

TBI cause, % of participants
Motor vehicle accident 33.9% (105)
Fall 31.9% (99)
Sports 30.3% (94)
Assault or fight 10.6% (33)
Combat 3.9% (12)
Other 17.4% (54)

Age at first TBI, years 20.7 (13.8)

Time since most recent TBI, years 35.3 (16.3)

Descriptive features of TBI history among 310 individuals with history
of TBI. TBI, traumatic brain injury; mTBI, mild TBI.

Table 1. Participant Characteristics by TBI Status

Mean (SD) or %(n) TBI+ (n = 310) TBI-(n = 643) F p

Age
56 to <61 years 52.2% 46.0% 3.2 0.07
‡61 to 66 years 47.7% 54.0%

Education, years 14.0 (2.1) 13.8 (2.1) 1.1 0.30

AFQT at age 20, score out of 100a 62.1 (21.6) 61.3 (22.6) 0.4 0.55

APOE-e4+ 28.9% (89) 30.9% (196) 0.4 0.53

Hypertension 55.7% (172) 53.7% (345) 0.3 0.56

High cholesterol 57.1% (177) 55.3% (354) 0.3 0.60

Diabetes 17.4% (54) 17.4% (112) <0.01 0.99

BMI, kg/m2 29.8 (5.3) 29.6 (5.2) 0.6 0.45

Substance abuse 7.1% (22) 4.1% (26) 4.0 0.046*

Current alcohol use (past 14 days)
None 37.7% (117) 36.0% (230) 0.03 0.87
£ 1 drink per day 37.7% (117) 40.0% (257)
> 1 or £2 drinks per day 8.4% (26) 11.0% (71)
> 2 drinks per day 16.1% (50) 13.2% (85)

PCL, total score out of 85a 27.6 (11.6) 25.7 (10.1) 7.3 0.007*

CES-D, total score out of 60a 8.3 (8.9) 6.9 (7.6) 2.5 0.11

Elevated psychiatric symptoms (PCL ‡36 and/or CES-D ‡ 16) 23.2% (72) 18.2% (117) 3.3 0.07

Results are from mixed model analyses that accounted for twin status (persons nested within twin pairs) as a random effect.
aTransformed variable used in mixed model analysis.
*p < 0.05.
TBI, traumatic brain injury; AFQT, Armed Forces Qualification Test; APOE, apolipoprotein E; BMI, body mass index; PCL, PTSD Checklist; CES-D,

Center for Epidemiologic Studies – Depression Scale.
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FIG. 1. TBI · Psych interaction on inhibition. A and B depict the same data, but differ in which factor is shown on the x-axis. In
simple effect comparisons, there is a significant effect of Psych among those with TBI ( p < 0.001). Likewise, there is a significant effect
of TBI among those with Psych ( p = 0.002). Model accounted for correlated observations (persons nested within twin pairs) as a random
effect and adjusted for age, Armed Forces Qualification Test (AFQT) at age 20, apolipoprotein E (APOE)-e4, and history of substance
abuse. TBI, traumatic brain injury; Psych, elevated psychiatric symptoms. Color image is available online at www.liebertpub.com/neu

Table 3. Main and Interaction Effects: Effect of TBI, Psych, and TBI · Psych on Cognition

Main effect of TBIa Main effect of Psychb TBI · Psych interactionc

Cognitive domain Estimate (SE) p Estimate (SE) p F p

Visual spatial 0.08 (.06) 0.18 -0.19 (0.07) 0.01*d 2.0 0.17
Working memory 0.02 (0.04) 0.71 -0.17 (0.05) 0.001*d 1.6 0.20
Episodic memory 0.06 (0.05) 0.22 -0.12 (0.06) 0.04* 2.0 0.16
Abstract reasoning -0.17 (0.06) 0.007* -0.24 (0.07) 0.001*d 5.8 0.02*
Verbal fluency 0.05 (0.06) 0.41 -0.16 (0.07) 0.03* 4.0 0.046*
Trails switching 0.03 (0.07) 0.61 -0.11 (0.08) 0.21 4.7 0.03*
Category switching 0.03 (0.07) 0.71 -0.05 (0.09) 0.53 5.2 0.02*
Inhibition 0.01 (0.07) 0.88 -0.12 (0.09) 0.16 12.4 <0.001*d

Processing speed 0.04 (0.05) 0.41 -0.18 (0.06) 0.004*d 3.4 0.06

Results from mixed model analyses. All models accounted for twin status (persons nested within twin pairs) as a random effect and adjusted for age,
Armed Forces Qualification Test (AFQT) score at age 20, apolipoprotein E (APOE)-e4status, and history of substance abuse. a,bMain effect of TBI and
main effect of Psych are results from same model, such that TBI effect is adjusted for Psych and Psych effect is adjusted for TBI.

cTBI · Psych interaction term when added to main effect model.
dSurvives false discovery rate (FDR) control (9 tests).
*p < 0.05.
TBI, traumatic brain injury; Psych, elevated psychiatric symptoms.
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FIG. 2. Group differences, compared to the ‘‘neither’’ reference group (men with neither TBI nor elevated psychiatric symptoms;
n = 526). Results from mixed-effects models adjusted for age, Armed Forces Qualification Test (AFQT) score at age 20, apolipoprotein
E (APOE)-e4status, and history of substance abuse. *significant deficit ( p < 0.05) compared with the ‘‘neither’’ group; – survives false
discovery rate (FDR) control (27 tests); TBI, traumatic brain injury; Psych, elevated psychiatric symptoms. Color image is available
online at www.liebertpub.com/neu

FIG. 3. Group differences, compared with the ‘‘neither’’ reference group (men with neither TBI nor elevated psychiatric symptoms).
Results from mixed effects models adjusted for age, Armed Forces Qualification Test (AFQT) score at age 20, apolipoprotein E
(APOE)-e4status, and history of substance abuse. *significant deficit ( p < 0.05) compared with the ‘‘neither’’ group; – survives false
discovery rate (FDR) control (45 tests); Mod-to-Sev TBI, moderate-to-severe traumatic brain injury; Psych, elevated psychiatric
symptoms. Color image is available online at www.liebertpub.com/neu
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Discussion

Among community-dwelling middle-aged men, we examined

the relationship between history of TBI and midlife cognitive

functioning, and whether current elevated psychiatric symptoms

(PTSD or depressive symptoms) influenced associations. Main

effect analyses revealed minimal association between prior TBI

and midlife cognition (the only significant effect was for abstract

reasoning). Current psychiatric symptoms were associated with

lower cognitive performance on several domains, but only with two

out of five executive function measures (including abstract rea-

soning). However, interaction analyses suggested that the combi-

nation of prior TBI and current psychiatric symptoms has a

negative synergistic association with lower midlife cognition,

which is not apparent when examining each factor in isolation. Put

another way, this interaction also indicates that the association

between current psychiatric symptoms and cognition differs as a

function of having had a prior TBI. This negative synergistic effect

was especially strong on the cognitive domain of inhibition (sig-

nificant after FDR correction), and was also seen on all other ex-

ecutive function domains (abstract reasoning, verbal fluency, trails

switching, category switching).

When comparing cognitive profiles among groups of individuals

who had the combination of both prior TBI and current psychiatric

symptoms, either risk factor in isolation, versus neither, only those

who had both demonstrated cognitive deficits. Cognition was lar-

gely unaffected among those with either risk factor alone. In con-

trast, individuals with both risk factors demonstrated deficits in five

outcomes. Three overlapped with domains identified by the inter-

action analyses (abstract reasoning, verbal fluency, inhibition) and

two (working memory, processing speed) overlapped with do-

mains for which current psychiatric symptoms had a main effect.

Overall, our results suggest that the combination of prior TBI and

current elevated psychiatric symptoms is associated with deficits in

executive functioning, and perhaps working memory and proces-

sing speed, above and beyond the influence of either risk factor

in isolation.

Our finding that the presence of current psychiatric symptoms

changes the association between TBI history and cognition in late

midlife dovetails with suggestions that a variety of factors may

influence whether TBI has long-term effects in older adulthood.58,59

Genetics60,61 and cognitive reserve62 appear to influence long-term

cognitive outcomes following TBI. Here we showed that, even

after controlling for (1) a significant genetic factor (APOE-e4)63

and (2) cognitive reserve as indexed by general cognitive ability at

age 20, TBI status and psychiatric symptoms interact in relating to

worse late-midlife cognition. Our results are similar to those from a

study of older veterans, which found risk of dementia to be higher

among individuals with both TBI and PTSD or both TBI and

depression, relative to those with either factor alone.29 Our find-

ings extend those results to a sample of well-characterized non-

demented, middle-aged adults, underscoring how prior mTBI in

the presence of current psychiatric distress is associated with

lower cognition as early as midlife.

An unanswered question in TBI research is whether a mTBI,

even if sustained earlier in life, increases the risk for cognitive

dysfunction later in life.59,64 It is notable that we found a deleterious

interactive effect of prior TBI and current psychiatric symptoms on

cognition among middle-aged men whose TBI histories primarily

consisted of remote exposure to only mTBI, *35 years earlier on

average. Sensitivity analyses suggest that our results were not

driven by the minority of participants who had moderate-to-severe

TBI, repetitive TBI, or recent TBI. Instead, our findings support

other suggestions in the literature that even individuals with a past

history of mTBI may be at increased risk for cognitive problems in

aging.5,65–68 Our results indicate that this is primarily the case when

compounded with current psychiatric distress, but that it is the case

even when TBI exposure is limited to a single mTBI. The finding

that without FDR correction, the TBI · Psych interaction effect was

significant for five out of five executive function measures suggests

a broad effect on executive functions. The effect was not strong

enough to survive FDR correction for four out of the five measures,

but it seems notable that these associations were seen for mTBIs

occurring *35 years earlier on average. These long-term associ-

ations raise the possibility that the combination of prior TBI and

current psychiatric symptoms might have an even stronger negative

association with cognition with advancing age.

Relationships among TBI, psychiatric symptoms, and cognition

in aging are complex and difficult to disentangle without repeated

measurement of these factors across the lifespan. Therefore, a

limitation of this study is that we did not have sufficient information

to attempt to disentangle the timing of participants’ TBI exposure

relative to the onset and course of psychiatric symptoms across

their lives. Exposure to TBI among our participants largely oc-

curred decades prior to our study’s psychiatric symptom and cog-

nitive assessments. It could be, for example, that a history of TBI

makes people with certain psychiatric symptoms more vulnerable

to cognitive deficits, or that TBI might make people with cogni-

tive deficits more susceptible to psychiatric symptoms. Our study

does not directly test the temporal direction of these associations,

limiting conclusions on causality. Nevertheless, our findings do

suggest that individuals who have both a history of TBI and current

elevated psychiatric symptoms are more likely to demonstrate

cognitive deficits in midlife. Unlike in most studies, we were able to

account for early general cognitive ability, suggesting that results

were not caused by pre-morbid cognitive differences. However,

that our study tested associations with cognitive function at one

midlife time point remains a limitation, and future longitudinal

studies are needed to test for associations with cognitive decline

over time in aging.

With the abovementioned caveat in mind, our results raise

considerations toward understanding how TBI and psychiatric

symptoms may influence cognitive aging. One possibility is that

these two risk factors may have compounding negative effects on

brain health, as both TBI69,70 and psychiatric conditions71,72 are

associated with alterations in brain structure and function. Long-

itudinal studies are needed to understand if and how TBI and

psychiatric symptoms might biologically interact to influence brain

aging. Rather than simply being separate co-occurring conditions,

it may be that TBI and psychiatric symptoms are intrinsically bi-

ologically linked, at least among some individuals. It has been

suggested that TBI can damage brain regions involved in proces-

sing and regulating emotion, as well as triggering inflammation and

other biological stress response processes associated with psychi-

atric symptoms.73 Our study provides further support for a link

between TBI and psychiatric symptoms, given our findings of a

synergistic association between these factors and lower cognition.

Finally, our results may provide clarification regarding the role

of TBI as a risk factor for dementia. Although some evidence has

linked TBI to risk for Alzheimer’s disease in particular,74 we did

not find any TBI-related episodic memory deficits, which are often

an early symptom of an Alzheimer’s process. Our finding of a

pattern reflecting executive dysfunction in men with both prior TBI

and current psychiatric symptoms suggests that executive deficits
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may be an early symptom of a TBI-related neurodegenerative

process, particularly among individuals with current psychiatric

symptoms. Our results resemble those from a study that found that

older veterans with TBI demonstrated executive dysfunction and

slowed processing speed but not memory impairment; however,

that study adjusted for psychiatric symptoms and did not examine

the interaction of TBI and psychiatric symptoms.5 Another study

comparing older Vietnam veterans with TBI only, PTSD only, and

TBI and PTSD versus those with neither of these conditions showed

no memory differences or evidence of Alzheimer’s neuropathology

in the TBI groups, but they did not report on executive function.75

An intriguing aspect of our findings was that a subset of TBI-

exposed men did not have either current elevated psychiatric

symptoms or clear evidence of cognitive dysfunction. Although

speculative, this raises the possibility that important individual

differences may influence whether someone who sustains a TBI

earlier in life will also have psychiatric symptoms and cognitive

dysfunction in aging. Perhaps a subset of individuals who experi-

ence TBI are resilient against its negative effects on both psycho-

logical health and cognition, or psychological health itself may help

to buffer against the negative effects of TBI on cognition in aging.

Alternatively, there may be qualitative differences, such as location

of brain damage and mechanism of brain injury, that contribute to

the comorbid presence of psychiatric symptoms in a more com-

plicated mTBI group, who in turn may also be more likely to have

long-term cognitive deficits.

Strengths of the study include examination of a large, well-

characterized cohort of middle-aged men. Although men in the

present study did serve in the military, the cohort is largely repre-

sentative of the general population of similarly-aged men in the

United States,30 and the vast majority of TBI exposure among this

cohort was not combat related. Therefore, the results are likely to be

generalizable to community-dwelling men of the same age range

and ethnicity. Additional strengths include a detailed TBI assess-

ment, comprehensive neurocognitive testing, and adjustment for

intellectual functioning at age 20. However, it is important to note

that the sample focused predominately on white non-Hispanic men.

Lack of medical records may be a limitation in studies investigating

lifetime history of neurotrauma. However, even when there are

physician or hospital records, duration of unconsciousness is vir-

tually always based on self-report. With the vast majority of cases

in this study being mTBI, very few even involved medical as-

sessment or treatment. That strongly favors the argument that these

were indeed only mTBIs because more severe TBIs would be far

more likely to have come to medical attention. Finally, it should be

emphasized that although our findings include statistically signifi-

cant differences in cognitive functioning, these effects were modest

and potential impact on everyday functioning is unclear (e.g., none

of the group means in Figs. 2 or 3 were ‡1 SD below the reference

group mean, and therefore did not cross the threshold suggestive of

clinically significant impairment). Nevertheless, it is possible that

these subtle group differences could reflect important population

shifts that may have further bearing as these middle-aged men

advance into older age.

Our findings suggest that the combination of a history of TBI and

current elevated psychiatric symptoms is associated with deficits in

executive functioning and related abilities among late middle-aged

men. Participants with this combination of risk factors evidenced

these deficits even though their TBI histories consisted primarily of

only a single mTBI. Moreover, the association is observed despite a

very extended time period between TBI occurrence and cogni-

tive testing (average of 35 years). Future longitudinal studies are

needed in order to advance understanding of how TBI and psy-

chiatric symptoms may interact to negatively impact cognitive and

brain aging.
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