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Abstract—This study examined the relation between neuropsy-
chological test performance and self-reported cognitive com-
plaints following traumatic brain injury (TBI). Participants were
109 servicemembers from the U.S. military who completed a
neuropsychological evaluation within the first 2 yr following
mild—severe TBI. Measures included the Personality Assessment
Inventory (PAI), Posttraumatic Stress Disorder Symptom Check-
list-Civilian version (PCL-C), Neurobehavioral Symptom Inven-
tory (NSI), and 17 select measures from a larger neurocognitive
test battery that corresponded to three self-reported cognitive
complaints from the NSI (i.e., memory, attention/concentration,
and processing speed/organization). Self-reported cognitive
complaints were significantly correlated with psychological dis-
tress (PCL-C total: r = 0.50-0.58; half the PAI clinical scales: r =
0.40-0.58). In contrast, self-reported cognitive complaints were
not significantly correlated with overall neurocognitive function-
ing (with the exception of five measures). There was a low rate of
agreement between neurocognitive test scores and self-reported
cognitive complaints. For the large minority of the sample
(38.5%—45.9%), self-reported cognitive complaints were reported
in the presence of neurocognitive test scores that fell within nor-
mal limits. In sum, self-reported cognitive complaints were not
associated with neurocognitive test performance, but rather were
associated with psychological distress. These results provide
information to contextualize cognitive complaints following TBI.

Key words: cognitive complaints, military, Neurobehavioral
Symptom Inventory, neurocognitive measures, Personality
Assessment Inventory, psychological distress, PTSD Checklist,
self-reported symptoms, servicemembers, traumatic brain injury.

INTRODUCTION

Traumatic brain injury (TBI) care, beyond the initial
neurological and neurosurgical care and related interven-
tions for more severe injury, is focused on amelioration of
self-reported symptoms, modification of environmental
factors, and improvement of clinician-observed deficits.
This treatment model relies heavily on the participation
of the patient in the treatment process. While this is an
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admirable model, it is also fraught with problems (e.g.,
poor insight, limited communication skills, intimidation
by the medical care process, or deliberate misrepresenta-
tion), such that limitations of self-reported symptoms
could potentially reduce the reliability of this information.

Of particular concern are subjective perceptions of
cognitive symptoms. Problems with accuracy in self-
reported cognitive symptoms are seen in a variety of
health conditions, including cognitive functioning after
cancer treatment [1], systemic lupus erythematosus [2],
epilepsy [3], multiple sclerosis [4], Parkinson disease
(PD) [5], and schizophrenia [6]. This reduced accuracy is
generally related to overreporting of symptoms, but varies
according to the condition. In some conditions, these diffi-
culties are related to altered cognition or insight or, more
commonly, mood changes. In one study with three sepa-
rate groups (healthy controls given medications, adults
with epilepsy on medication, and patients with idiopathic
PD) [7], subjective perception of cognitive effects was
more related to mood than objective test performance.
The medical disability adjudication process itself can
cause alterations in accurate self-assessment [8].

It has been recognized for some time that there can
be differences between a patient’s subjective report of
dysfunction and (1) the ratings of a significant other and
(2) objective measures of that domain. For example, in a
sample of 50 TBI patients with mixed severity (33 severe
TBI), patients did not differ in accuracy of self-reported
physical problems when compared with ratings by their
family caregivers. However, TBI patients consistently
underreported cognitive/behavioral problems and emo-
tional symptoms as compared with family responses [9].
It is important to appreciate that the accuracy of family-
reported symptoms is also questionable. In a sample of
moderate to severe TBI, Lannoo and colleagues found
that family ratings of impairment across four domains did
not differ from patient reports. However, patient and fam-
ily reports were also not related to the results of neuro-
psychological test measurements [10].

Differences between self-reported cognitive complaints
and neuropsychological test performance following TBI
have also been reported elsewhere. In a sample of patients
with mild TBI (mTBI) recruited from a hospital emergency
department and followed over a 6 mo period, 39 percent
reported subjective cognitive complaints. However, there
was no relationship between subjective cognitive com-
plaints and objective neuropsychological test results or the
contents of patients’ daily logs of functioning. Rather, sub-

jective cognitive complaints were more related to poorer
physical functioning, emotional distress, and lower educa-
tional levels [11]. Emotional distress, particularly mood,
has been implicated by a number of other studies as being
more influential in subjective reporting of cognitive dys-
function than objective test findings [12-14]. In a sample of
veterans with a history of mTBI, self-ratings on a neurobe-
havioral symptom checklist were compared with the results
of a brief neuropsychological examination. Self-ratings of
attention and thinking/organization were not significantly
correlated with test findings, but were related to increased
reporting of psychiatric symptoms [15].

Given the importance of self-report of symptoms in the
treatment as well as the compensation and pension process
around TBI in the military, we were interested in exploring
how accurate patient self-report is in determining the pres-
ence and level of cognitive dysfunction in a military TBI
population of mixed severity and concurrent polytrauma, a
group in which this issue had not been previously explored.
Consistent with previous work, we hypothesized that sub-
jective reports of cognitive problems would have limited
correlation with objective measures and would instead be
more highly related to emotional distress.

METHODS

Participants

Participants were 109 male U.S. military servicemem-
bers (89.0% Caucasian; age: mean + standard deviation
[SD] 29.3 + 8.7, range 19-56) who sustained a TBI and
were evaluated at the Walter Reed Army Medical Center
(WRAMC), Washington, DC, following injuries sustained
(1) while deployed to Iraq (72.5%) or Afghanistan (5.5%)
or (2) as a result of other non-combat-related operations/
incidents (22.0%). The majority of the sample were injured
as the result of a blast-related incident (64.2%) and sus-
tained an mTBI (45.9%) (moderate TBI = 25.7%, severe
TBI = 28.4%). Duration of loss of consciousness (LOC)
ranged from <15 min (56.9%), 16-59 min (6.4%), 1-24 h
(6.4%), to >1 d (15.6%) (missing = 11.9%). Duration of
posttraumatic amnesia (PTA) ranged from <24 h (49.5%),
1-7 d (29.4%), to >7 d (19.3%) (missing = 1.8%). Trauma-
related intracranial abnormalities were present in almost
half the sample (present = 41.3%, absent = 39.4%, no scan/
missing = 19.3%). Level of education was as follows: Gen-
eral Educational Development/12 yr (44.0%) and 12+ yr
(56.0%). The mean time tested postinjury was 6.2 mo
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(SD = 5.3, range = 1-24 mo). Descriptive statistics of
demographic and injury-related variables by TBI severity
(i.e., mild vs moderate-severe) are presented in Table 1.

Participant Selection and Classification

Patients were selected from a larger sample of 463
U.S. military servicemembers who had been referred to the
TBI clinic at WRAMC for neuropsychological consulta-
tion within the first 2 yr postinjury (between February
2002 and January 2009) following a suspected or con-
firmed TBI. Participants had been referred for a neuropsy-
chological evaluation for a number of reasons, but
typically for treatment planning or to aid in decisions about
fitness for continued military service. Out of the original

Table 1.

FRENCH et al. Subjective cognitive complaints

463 participants, individuals were selected for the sample
if they met the following criteria: (1) were male (92.7% of
sample); (2) had sustained a closed TBI (100% of sample);
(3) had completed the Personality Assessment Inventory
(PAI) (83.4% of sample) and had a valid PAI profile
(71.9% of those administered); (4) had been administered
the Word Memory Test (WMT) (88.6% of sample) and
had passed the WMT using standard cutoffs (64.4% of
those administered); and (5) had completed the Posttrau-
matic Stress Disorder Symptom Checklist-Civilian version
(PCL-C) (80.6% of sample), Neurobehavioral Symptom
Inventory (NSI) (58.5% of sample), and a core set of neu-
rocognitive measures (74.3% of sample).

Descriptive statistics of demographic and injury-related variables by traumatic brain injury (TBI) severity.

Variable Mild TBI Moderate-Severe TBI p-Value d
Age (yr), Mean £ SD 31.0+9.1 27.8+8.1 0.06 0.37
Time Tested Postinjury (mo), Mean £ SD 7.0+5.6 55+5.0 0.16 0.27
Education, n (%) 0.43 —
GED/12 yr 20 (40.0) 28 (47.5)
12+ yr 30 (60.0) 31 (52.5)
Race, n (%) 0.76 —
Caucasian 44 (88.0) 53 (89.8)
Other 6 (12.0) 6 (10.2)
Loss of Consciousness, n (%) — —
None 14 (28.0) 3(5.1)
1-15 min 36 (72.0) 12 (20.3)
16-59 min 0 (0) 7(11.9)
1-24h 0 (0) 7(11.9)
>1to7d 0 (0) 12 (20.3)
>7d 0 (0) 5(8.5)
Unknown 0 (0) 13 (22.0)
Posttraumatic Amnesia, n (%) — —
<1 min 20 (40.0) 0 (0)
1-15 min 12 (24.0) 0 (0)
16-59 min 12 (24.0) 0(0)
1-24 h 5 (10.0) 5 (8.5)
>1lto7d 0 (0) 32 (54.2)
>7t0>30d 0 (0) 21 (35.6)
Unknown 1(2.0) 1(1.7)
Intracranial Abnormality, n (%) <0.001 —
Absent 31 (62.0) 12 (21.8)
Present 11 (22.0) 34 (61.8)
No Scan/Missing 12 (24.0) 9 (16.4)
Mechanism of Injury, n (%) 0.45 —
Nonblast 16 (32.0) 23 (39.0)
Blast 34 (68.0) 36 (61.0)

GED = General Educational Development, SD = standard deviation.
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Diagnosis and classification of TBI severity was
undertaken by a number of healthcare professionals, who
completed a routine comprehensive clinical evaluation as
part of the standard clinical pathway at WRAMC. The
large majority of evaluations were completed by an
advance practice nurse or physician’s assistant trained to
evaluate TBI. Some evaluations were also completed by
neuropsychologists and social workers trained specifi-
cally in TBI evaluations. TBI evaluations typically
include (1) medical chart review, (2) patient interview,
(3) family interview, and (4) case conferencing with other
healthcare professionals. For clinical purposes, diagnosis
of TBI is based on the duration of LOC, PTA, and/or
alteration of consciousness present immediately postin-
jury and neuroradiological scans. Self-reported symp-
toms are routinely obtained during the TBI evaluation but
are not used for diagnostic or classification purposes.

Classification of TBI severity was as follows: (1) severe
TBI: PTA>7d, (2) moderate TBI: PTA24hto7d and LOC
<24 h, and (3) mTBI: PTA <24 h and LOC <15 min. For
those patients classified in the mTBI group, there are two
important issues to note. First, it was our preference to
define mTBI based on LOC criterion of <30 min. However,
the available information precluded us from applying this
criterion (i.e., available categorical data = LOC <15 min and
LOC 16-60 min). Second, inconsistent with the Department
of Defense (DOD) clinical guidelines (Management of Con-
cussion/mTBI Working Group, 2009), mTBI was classified
when PTA and LOC fell within the mild range and trauma-
related intracranial abnormality was present. For the pur-
poses of this study, our preference was to classify these
patients as having a “complicated mTBI” (rather than a
moderate TBI). The importance of this distinction has been
discussed elsewhere [16].

Measures and Procedure

Psychological Measures

Psychological measures included the NSI [17], PCL-C
[18], and PAI [19]. For this study, only three items from the
NSI were included, which measured self-reported cognitive
complaints of attention/concentration (item 13: “poor con-
centration, can’t pay attention, easily distracted”), memory
(item 14: “forgetfulness, can’t remember things”), and pro-
cessing speed/organization (item 16: “slowed thinking, dif-
ficulty getting organized, can’t finish things”). The NSI
requires the test taker to rate the presence/severity of each
symptom on a 5-point scale as follows: 0 = none, 1 = mild,

2 = moderate, 3 = severe, and 4 = very severe. For the PAI,
participants were not included if their T-scores exceeded
the recommended cutoff on any of the four validity scales
(i.e., Inconsistency, Infrequency, Negative Impression, or
Positive Impression).

Neurocognitive Measures

Neurocognitive measures included the (1) Auditory
Consonant Trigrams (ACT): 36” Interval Delay [20];
(2) Trail Making Test (TMT): Part A and Part B [21];
(3) Tower of London (TOL): Total Correct, Total Moves,
and Total Initiation Time; (4) California Verbal Learning
Test-Second Edition (CVLT-1I): Total Trials 1-4 and Free
Recall Long Delay [22]; (5) Rey Complex Figure Test
(RCFT): Copy, Immediate Recall, and Delayed Recall [23];
(6) selected subtests from the Wechsler Adult Intelligence
Scale-Third Edition (WAIS-II1): Block Design, Digit
Symbol-Coding, Letter-Number Sequencing [24]; and
(7) Conner’s Continuous Performance Test-Second Edi-
tion (CPT-I1): Omissions, Commissions, and Hit Rate [25].
These neurocognitive tests were selected to include mea-
sures that provided an objective assessment of cognitive
functioning that would correspond to three self-reported
cognitive complaints on the NSI: (1) attention/concentra-
tion, (2) memory, and (3) processing speed/organization. In
order to evaluate cognitive effort, patients also completed
the WMT [26]. Patients were excluded if their scores on the
WMT fell below the criterion recommended in the manual.

For this study, three neurocognitive index scores were
generated by combining select neurocognitive measures.
The measures that were combined to create the three
index scores were as follows: (1) attention/concentration
index: WAIS-111 Letter Number Sequencing; TMT Part A
and Part B; ACT 36” Interval Delay; and CPT-11 Omis-
sions, Commissions, and Hit Rate; (2) memory index:
CVLT-Il Total 1-5 and Long Delayed Recall, RCFT
Immediate Recall and Delayed Recall, and ACT 36”
Interval Delay; and (3) processing speed/organization
index: WAIS-I1I Digit Symbol Coding and Block Design;
RCFT Copy; TOL Total Correct, Total Moves, and Total
Initiation Time; and TMT Part A and Part B. Note that not
all measures included in the index scores were mutually
exclusive. Due to the multidimensionality of some tests
(e.g., TMT), some measures were included in more than
one index score. Before the calculation of the three neuro-
cognitive index scores, raw scores on each test were con-
verted to standard scores (e.g., z-scores, T-scores, scaled
scores) as per the instructions in the manual and then
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converted to T-scores (mean = SD = 50 + 10) where nec-
essary in order to place all measures on a common scale.
The three neurocognitive index scores were then gener-
ated by calculating the mean T-score across the selected
measures in each index.

RESULTS

Relation Between Cognitive Complaints and
Neuropsychological Measures

Total Sample

Pearson correlation coefficients between the three
self-reported cognitive complaints and the neuropsycho-
logical measures (neurocognitive and psychological) are
presented in Table 2. Self-reported cognitive complaints
were not significantly correlated with the majority of
individual neurocognitive test scores, with the exception
of 5 of the 17 measures. For these measures, the strength
of the relation was weak (r = 0.19-0.27). In addition,
these measures were not consistently associated with cor-
responding self-reported cognitive complaints. The cor-
relation between the attention/concentration index and
self-reported complaints of attention/concentration was
very low (r = —0.06). Similarly, the correlation between
the processing speed/organization index and self-reported
complaints of processing speed/organization was also
very low (r = —0.04). The correlation between the mem-
ory index and self-reported complaints of memory was
statistically significant (p < 0.01), but the strength of the
relation was weak (r = 0.25).

For the psychological measures, all three self-reported
cognitive complaints were consistently and significantly
correlated with the PCL-C total score (r = 0.50-0.58) and
more than half the PAI clinical scales. The PAI scales with
the strongest relation to all three self-reported cognitive
complaints were the Anxiety scale (r = 0.51-0.56), fol-
lowed by the Depression (r = 0.47-0.54), Schizophrenia
(r = 0.45-0.56), Somatic Complaints (r = 0.40-0.53), and
Anxiety-Related Disorders (r = 0.40-0.47) scales.

Traumatic Brain Injury Severity Subgroups

To explore the influence of TBI severity, the sample
was divided into two TBI severity subgroups (i.e.,
50 mTBI, 59 moderate-severe TBI). Pearson correlation
coefficients between the three self-reported cognitive
complaints and the neuropsychological measures, by TBI
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severity subgroups, are presented in Table 3. Self-reported
cognitive complaints were again not significantly corre-
lated with the majority of individual neurocognitive test
scores in both TBI severity subgroups, with the exception
of 5 of the 17 measures in the mTBI subgroup and 1 of 17
measures in the moderate-severe TBI subgroup. However,
these measures were not consistently associated with cor-
responding self-reported cognitive complaints. In the
mTBI group, there was a weak association [27] between
the three neurocognitive indexes and the corresponding
subjective cognitive complaints of attention/concentration
(r = 0.13), memory (r = —0.27), and processing speed/
organization (r = —0.08). In the moderate-severe TBI sub-
group, there was a similarly weak association between the
neurocognitive indexes and corresponding subjective cog-
nitive complaints of attention/concentration (r = —0.20),
memory (r = —0.22), and processing speed/organization
(r =-0.02).

For the psychological measures, in both the mTBI
and moderate-severe TBI subgroups, all three self-
reported cognitive complaints were again consistently
and significantly correlated with the PCL-C total score
(r = 0.44-0.63) and at least half the PAI clinical scales. In
the moderate TBI subgroup, the PAI scales with the
strongest relation to all three self-reported cognitive com-
plaints were the Anxiety (r = 0.51-0.57), Depression (r =
0.57-0.60), and Schizophrenia (r = 0.58-0.63) scales. A
similar pattern of results was also found in the mTBI sub-
group, though the strength of this relation was lower. In
the mTBI subgroup, the PAI scales with the strongest
relation to all three self-reported cognitive complaints
were the Anxiety (r = 0.43-0.63), Depression (r = 0.34—
0.53), Schizophrenia (r = 0.30-0.51), and Somatic Com-
plaints (r = 0.37-0.53) scales.

Descriptive statistics and group comparisons for the
three neurocognitive indexes and all psychological mea-
sures, by TBI severity groups, are presented in Table 4.
There were no significant differences between groups for
all measures, with the exception of the attention/concen-
tration index (p = 0.007, d = 0.53 [medium effect size]).
Paradoxically, the moderate-severe TBI group had higher
scores on the attention/concentration index than the
MTBI group.

Rate of Agreement Between Cognitive Complaints
and Neurocognitive Performance

To examine the rate of agreement between self-reported
cognitive complaints and neurocognitive test performance,
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Table 2.

Relation (Pearson correlation coefficient) between self-reported cognitive complaints and neurocognitive/psychological measures.

Self-Reported Cognitive Complaint (r)

Measure Attention/ Forgetfulness/ Processing Speed/ Total Cognitive
Concentration Poor Memory Organization Complaints*
Neurocognitive Index
Attention/Concentration -0.06 -0.04 -0.05 0.04
Memory —0.217 -0.25% -0.15 -0.19"
Processing Speed/Organization 0.01 -0.12 -0.04 -0.01
Neurocognitive Measure
WAIS-I1I Letter Number Sequencing -0.01 0.00 —-0.06 0.09
TMT Part A -0.02 -0.12 -0.13 -0.04
TMT Part B -0.06 -0.05 -0.08 0.01
ACT 36” Interval Delay -0.27* -0.25% -0.21" -0.221
CPT-11 Omissions 0.11 0.19" 0.23" 0.20"
CPT-II Commissions -0.01 0.17 0.03 0.04
CPT-II Hit Rate 0.07 -0.01 0.10 0.10
CVLT-l Total 1-5 -0.07 -0.14 -0.08 -0.15
CVLT-1I Long Delayed Recall -0.16 —0.217 -0.10 -0.20"
RCFT Immediate Recall —0.21" —0.221 -0.14 -0.19
RCFT Delayed Recall —0.217 -0.17 -0.10 -0.17
WAIS-11I Digit Symbol Coding 0.06 0.03 0.01 0.03
WAIS-111 Block Design 0.06 0.02 0.14 0.12
RCFT Copy -0.04 -0.02 -0.01 0.03
TOL Total Correct 0.06 -0.05 0.00 -0.01
TOL Total Moves 0.08 -0.08 -0.01 0.03
TOL Total Initiation Time -0.02 -0.14 0.02 -0.07
Psychological Measures
PCL-C Total score 0.50* 0.58% 0.52% 0.51%
PAI Somatic Complaints 0.40% 0.49* 0.53* 0.48*
PAI Anxiety 0.51% 0.53* 0.56* 0.54*
PAI Anxiety-Related Disorders 0.40% 0.40% 0.47% 0.46*
PAI Depression 0.47% 0.52% 0.54% 0.50*
PAI Mania 0.29* 0.30% 0.30% 0.34%
PAI Paranoia 0.24" 0.37* 0.36* 0.35*
PAI Schizophrenia 0.45* 0.53* 0.56* 0.53*
PAI Borderline Features 0.34% 0.33% 0.37% 0.38%
PAI Antisocial Features 0.10 0.09 0.09 0.12
PAI Alcohol Problems 0.05 0.05 0.01 0.02
PAI Drug Problems 0.03 0.06 0.05 0.04
PAI Aggression 0.14 0.217 0.18 0.221
PAI Suicide -0.01 0.05 0.08 0.05
PAI Stress 0.27* 0.35% 0.31% 0.33*
PAI Nonsupport 0.25% 0.25% 0.27* 0.26*
PAI Treatment Rejection -0.39* -0.34% 0.39* -0.39*
PAI Dominance -0.03 -0.04 —-0.06 -0.01
PAI Warmth -0.05 -0.16 -0.12 -0.14
Note: N = 109.

"Number of self-reported cognitive complaints rated as “moderate or higher” on items 13 (attention), 14 (memory), and 16 (thinking/organization) of Neurobehavioral
Symptom Inventory. Maximum total symptoms = 3.

T <0.05.

*p<0.01.

ACT = Auditory Consonant Trigrams, CPT = Conner’s Continuous Performance Test-Second Edition, CVLT-Il = California Verbal Learning Test-Second Edition,
PAI = Personality Assessment Inventory, PCL-C = Posttraumatic Stress Disorder Symptom Checklist-Civilian version, RCFT = Rey Complex Figure Test, TMT =
Trail Making Test, TOL = Tower of London, WAIS-111 = Wechsler Adult Intelligence Scale-Third Edition.
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Table 3.
Relation (Pearson correlation coefficient) between self-reported cognitive complaints and neurocognitive and psychological measures by
traumatic brain injury (TBI) severity.

Self-Reported Cognitive Complaint (r)
Forgetfulness/

Attention/Concentration Processing Speed/

Measure Poor Memory Organization
. Moderate- . Moderate- . Moderate-
Mild TBI Severe TBI Mild TBI Severe TBI Mild TBI Severe TBI
Neurocognitive Index
Attention/Concentration 0.13 -0.20 0.02 -0.05 -0.01 -0.10
Memory -0.19 -0.22 -0.27 -0.22 -0.25 -0.09
Processing Speed/Organization —-0.05 0.04 -0.14 -0.11 -0.08 -0.02
Neurocognitive Measure
WAIS-III Letter Number Sequencing 0.16 -0.12 0.20 -0.14 -0.01 -0.08
TMT Part A -0.03 -0.01 -0.20 -0.03 -0.20 -0.10
TMT Part B -0.14 -0.02 -0.12 -0.01 -0.09 -0.09
ACT 36” Interval Delay -0.39" -0.20 —0.321 -0.20 -0.42" -0.08
CPT-11 Omissions 0.417 -0.09 0.347 0.13 0.40" 0.10
CPT-1I Commissions -0.07 0.04 0.15 0.18 -0.08 0.10
CPT-II Hit Rate 0.27 -0.09 0.08 -0.08 0.28 -0.04
CVLT-1I Total 1-5 -0.01 -0.09 -0.09 -0.13 -0.14 -0.03
CVLT-1I Long Delayed Recall —-0.06 -0.25 -0.09 -0.31" -0.07 -0.13
RCFT Immediate Recall -0.23 -0.20 —0.35" -0.12 -0.26 -0.07
RCFT Delayed Recall —0.31" -0.14 —0.30" -0.07 —0.26 -0.01
WAIS-111 Digit Symbol Coding 0.01 0.10 -0.02 0.05 -0.14 0.12
WAIS-111 Block Design 0.06 0.06 0.06 -0.01 0.14 0.13
RCFT Copy 0.08 -0.11 0.09 -0.11 0.10 -0.08
TOL Total Correct -0.01 0.10 -0.01 —-0.08 -0.02 0.01
TOL Total Moves -0.06 0.15 -0.13 -0.04 -0.16 0.07
TOL Total Initiation Time -0.16 0.10 -0.24 -0.05 -0.03 0.05
Psychological Measure
PCL-C Total Score 0.46" 0.54" 0.62" 0.54" 0.63" 0.44"
PAI Somatic Complaints 0.37" 0.41" 0.50" 0.49" 0.53" 0.53"
PAI Anxiety 0.43" 057" 0.44" 0.60" 0.63" 0.51"
PAI Anxiety-Related Disorders 0.35 0.46" 0.31" 0.46" 0.53" 0.41"
PAI Depression 0.347 0.60" 0.49" 057" 0.53" 0.58"
PAI Mania 0.20 0.38" 0.27 0.36" 0.27 0.34"
PAI Paranoia 0.20 0.28" 0.417 0.34" 0.417 0.34"
PAI Schizophrenia 0.30" 0.58" 0.43" 0.63" 0.51" 0.61"
PAI Borderline Features 0.24 0.42" 0.27 0.40" 0.33" 0.41"
PAI Antisocial Features -0.03 0.19 -0.04 0.19 -0.04 0.18
PAI Alcohol Problems 0.09 0.03 0.09 0.02 0.11 -0.04
PAI Drug Problems -0.01 0.06 0.14 -0.01 0.14 -0.03
PAI Aggression 0.03 0.26 0.14 0.28" 0.06 0.28"
PAI Suicide -0.07 0.05 0.12 0.03 0.03 0.11
PAI Stress 0.20 0.321 0.30" 0.41" 0.37" 0.26"
PAI Nonsupport 0.33f 0.21 0.37" 0.18 0.44" 0.12
PAI Treatment Rejection —0.32" -0.45" —0.36" -0.33" -0.43" -0.35"
PAI Dominance -0.10 0.01 -0.10 0.01 -0.09 -0.03
PAI Warmth -0.10 -0.03 -0.24 -0.11 -0.17 -0.08
L\lote: N =109 (50 mild TBI, 59 moderate-severe TBI).
p<0.01.

9 <0.05.

ACT = Auditory Consonant Trigrams, CPT-11 = Conner’s Continuous Performance Test-Second Edition, CVLT-1l = California Verbal Learning Test-Second Edi-
tion, PAI = Personality Assessment Inventory, PCL-C = Posttraumatic Stress Disorder Symptom Checklist-Civilian version, RCFT = Rey Complex Figure Test,
TMT = Trail Making Test, TOL = Tower of London, WAIS-I11 = Wechsler Adult Intelligence Scale-Third Edition.
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individual scores on the three neurocognitive indexes and
the three self-reported cognitive complaints were dichoto-
mized to reflect the presence or absence of (1) low scores on
each neurocognitive index and (2) clinically elevated cogni-
tive complaints. Low scores on the neurocognitive indexes
were defined as mean neurocognitive index T-scores that
fell below the 16th percentile. Clinically elevated cognitive
complaints were defined as NSI items that were endorsed as
moderate or higher.

Total Sample

Overall, the rate of agreement between self-reported
cognitive complaints and corresponding neurocognitive
index scores was low. For attention/concentration, (1) 0 per-

Table 4.

cent of the sample endorsed self-reported complaints of
attention and had a low score on the attention index (i.e.,
Agreement: Index Low + Compliant Present); (2) 55.0 per-
cent did not endorse attention problems and had scores
on the attention index that fell within normal limits
(WNL) (i.e., Agreement: Index WNL + Compliant WNL);
(3) 45.0 percent had self-reported complaints of attention,
but had scores on the attention index that fell WNL (i.e.,
Disagreement: Index WNL + Compliant Present); and
(4) 0 percent of the sample did not endorse attention prob-
lems, but had low scores on the attention index (i.e., Dis-
agreement: Index Low + Compliant WNL).

For memory, (1) 6.4 percent of the sample endorsed
self-reported complaints of memory and had a low score

Descriptive statistics, group comparisons, and effect sizes for the neurocognitive indexes and psychological measures by traumatic brain injury

(TBI) severity.

Mean £ SD
Measure Mild TBI Moderate-Severe TBI p-Value d
Neurocognitive Index
Attention/Concentration 49.0+3.8 51.4+49 0.007 0.53
Memory 49.1+7.6 50.6 +8.0 0.31 0.20
Processing Speed/Organization 50.8 +4.5 50.6 £6.2 0.86 0.03
Psychological Measure
PCL-C Total Score 36.5+14.7 33.3+13.7 0.24 0.23
PAI Somatic Complaints 58.2+11.1 59.0+£10.0 0.71 0.07
PAI Anxiety 52.3+11.6 50.7+9.7 0.44 0.15
PAI Anxiety-Related Disorders 51.6 +11.1 49.0+9.8 0.20 0.25
PAI Depression 59.1+145 56.4+11.3 0.29 0.21
PAI Mania 50.6 +10.0 51.4+9.2 0.67 0.08
PAI Paranoia 54.5+10.5 53.9+10.1 0.76 0.06
PAI Schizophrenia 53.6 £13.0 53.3+10.9 0.89 0.03
PAI Borderline Features 53.6+11.8 542+ 117 0.80 0.05
PAI Antisocial Features 549+ 9.6 56.8 +£10.6 0.33 0.19
PAI Alcohol Problems 49.8+8.0 495+75 0.85 0.04
PAI Drug Problems 48.6 £ 6.5 48.7+6.8 0.88 0.03
PAI Aggression 57.7+13.7 55.7+13.3 0.44 0.15
PAI Suicide 46.7+5.8 47.3+4.38 0.58 0.11
PAI Stress 53.9+£10.9 55.5+10.9 0.45 0.15
PAI Nonsupport 50.6 £ 11.8 51.6 + 10.6 0.66 0.08
PAI Treatment Rejection 525+9.7 52.1+8.9 0.81 0.05
PAI Dominance 54.8+8.9 54.2+9.8 0.72 0.07
PAIl Warmth 46.5+125 46.0+11.3 0.83 0.04

Note: N =109 (50 mild TBI, 59 moderate—severe TBI).

PAI = Personality Assessment Inventory, PCL-C = Posttraumatic Stress Disorder Symptom Checklist-Civilian, SD = standard deviation.
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on the memory index (i.e., Agreement: Index Low +
Compliant Present); (2) 45.0 percent did not endorse
memory problems and had scores on the memory index
that fell WNL (i.e., Agreement: Index WNL + Compliant
WNL); (3) 45.9 percent had self-reported complaints of
memory, but had scores on the memory index that fell
WNL (i.e., Disagreement: Index WNL + Compliant Pres-
ent); and (4) 2.8 percent of the sample did not endorse
memory problems, but had low scores on the memory
index (i.e., Disagreement: Index Low + Compliant WNL).

For processing speed/organization, (1) 2.8 percent of
the sample endorsed self-reported complaints of process-
ing speed/organization and had a low score on the pro-
cessing speed/organization index (i.e., Agreement: Index
Low + Compliant Present); (2) 57.8 percent did not
endorse processing speed/organization problems and had
scores on the processing speed/organization index that fell
WNL (i.e., Agreement: Index WNL + Compliant WNL);
(3) 38.5 percent had self-reported complaints of process-
ing speed/organization, but had scores on the processing
speed/organization index that fell WNL (i.e., Disagree-
ment: Index WNL + Compliant Present); and (4) 0.9 per-
cent of the sample did not endorse processing speed/
organization problems, but had low scores on the process-
ing speed/organization index (i.e., Disagreement: Index
Low + Compliant WNL).

Traumatic Brain Injury Severity Subgroups

A similar pattern of results was also found when
stratifying by TBI severity, with a low rate of agreement
between self-reported cognitive complaints and corre-
sponding neurocognitive index scores found in both the
mTBI and moderate-severe TBI subgroups. In addition,
there were no significant differences (p > 0.05) in the
rates of agreement between the mTBI and moderate-
severe TBI subgroups for all comparisons. For example,
0 percent of both the mTBI subgroup and moderate-
severe TBI subgroup endorsed self-reported complaints
of attention/concentration and had a low score on the
attention index. Similarly, there were no appreciable dif-
ferences in the percentage of each subgroup that had self-
reported cognitive complaints of attention/concentration
in the presence of objective measures of attention/con-
centration that fell WNL (46.0% mTBI vs 44.1% moder-
ate-severe TBI). Data are not shown but can be provided
on request.

FRENCH et al. Subjective cognitive complaints

Influence of Number of Cognitive Complaints on
Psychological Measures

Total Sample

To explore the influence of the number of self-reported
cognitive complaints on the psychological measures, we
divided the sample into two groups based on the number of
self-reported cognitive complaints endorsed as moderate
or higher: (1) 0 cognitive complaints (n = 44) and (2) 1-3
cognitive complaints (n = 65). Descriptive statistics, group
comparisons (analysis of variance [ANOVA]), and effect
sizes [28] for the PCL-C total score and the 18 PAI scales,
by group, are presented in Table 5.

There were statistically significant differences between
groups for the PCL-C total score (d = 1.01 [very large effect
size]) and for 13 of the 18 PAI scales (d = 0.42 [medium
effect size] to d = 1.11 [very large effect size]). On these
measures, those participants who endorsed 1-3 cognitive
complaints had statistically significantly higher scores on
the PCL-C and the majority of the PAI scales. For two of
the PAI scales (Treatment Rejection and Warmth), those
participants who endorsed 1-3 self-reported cognitive com-
plaints had statistically significantly lower scores.

Traumatic Brain Injury Severity Subgroups

Each of the two TBI severity subgroups were also
divided into two groups based on the number of self-
reported cognitive complaints endorsed as moderate or
higher: mTBI (0 cognitive complaints [n = 19], 1-3 cogni-
tive complaints [n = 31]); moderate-severe TBI (0 cognitive
complaints [n = 25], 1-3 cognitive complaints [n = 34]).
Descriptive statistics, group comparisons (ANOVA), and
effect sizes [28] for the PCL-C total score and the 18 PAI
scales, by group, for each of the TBI severity subgroups
separately, are presented in Table 6.

In the mTBI subgroup, there were statistically signifi-
cant differences between groups for the PCL-C total score
(d = 0.96 [very large effect size]) and for 6 of the 18 PAI
scales (d = 0.64-0.97). Although not significantly differ-
ent (likely due to small sample sizes), medium effect sizes
were also found on an additional five PAI scales (d =
0.40-0.57). On these measures, those participants who
endorsed 1-3 self-reported cognitive complaints had
higher scores on the PCL-C and the majority of the PAI
scales. For two of the PAI scales (Treatment Rejection and
Dominance), those participants who endorsed 1-3 self-
reported cognitive complaints had lower scores.




942

JRRD, Volume 51, Number 6, 2014

Table 5.

Comparison of mean + standard deviation scores on Posttraumatic Stress Disorder Symptom Checklist-Civilian version (PCL-C) and Personality
Assessment Inventory and (PAI) scales by dichotomous self-reported complaint groups.

0 Cognitive Complaints

1-3 Cognitive Complaints

Measure (n = 44) (n = 65) p-Value d
PCL-C Total Score 27.3+9.2 39.9+14.7 <0.001 1.01
PAI Somatic Complaints 532+79 62.4 +10.5 <0.001 0.98
PAI Anxiety 46.3+7.9 54.9+10.8 <0.001 0.88
PAI Anxiety-Related Disorder 456 +9.0 53.3+10.3 <0.001 0.79
PAI Depression 51.6 +10.8 61.7+12.6 <0.001 0.86
PAI Mania 48.1+9.6 53.0+9.0 0.007 0.54
PAI Paranoia 50.6 + 8.8 56.6 + 10.6 0.002 0.61
PAI Schizophrenia 46.6 + 8.9 58.1+11.4 <0.001 1.11
PAI Borderline Features 49.1+9.1 57.2+12.1 <0.001 0.75
PAI Antisocial Features 543+8.8 57.0+10.9 0.17 0.27
PAI Alcohol Problems 493+7.6 49.9+7.8 0.68 0.08
PAI Drug Problems 49.0+7.0 485+6.4 0.70 0.07
PAI Aggression 53.3+12.1 58.8 +14.0 0.04 0.42
PAI Suicide 472+55 47.0+5.2 0.85 0.04
PALI Stress 51.1+9.7 57.3+11.0 0.003 0.59
PAI Nonsupport 47.6 £9.6 535+ 115 0.006 0.55
PAI Treatment Rejection 55.9+8.1 49.8+9.2 0.001 0.70
PAI Dominance 55.6 £8.9 53.6£9.6 0.28 0.21
PAI Warmth 49.1+10.8 44.3+12.1 0.04 0.42

Note: N = 109. Groups were defined based on number of self-reported cognitive complaints rated as “moderate or higher” on items 13 (attention), 14 (memory), and
16 (thinking/organization) of Neurobehavioral Symptom Inventory. Maximum number of total symptoms was 3.

In the moderate-severe TBI subgroup, there were sta-
tistically significant differences between groups for the
PCL-C total score (d = 1.04 [very large effect size]) and
for 12 of the 18 PAI scales (d = 0.54-1.70). Although not
significantly different (likely due to small sample sizes),
medium effect sizes were also found on an additional two
PAI scales (d = 0.45-0.47). On these measures, those par-
ticipants who endorsed 1-3 self-reported cognitive com-
plaints had higher scores on the PCL-C and the majority
of the PAI scales. For two of the PAI scales (Treatment
Rejection and Warmth), those participants who endorsed
1-3 self-reported cognitive complaints had lower scores.

DISCUSSION

In general, and as expected, self-reported cognitive
complaints were not significantly correlated with the
majority of individual neurocognitive test measures. For
those measures that were significantly correlated, the rela-
tion was weak. Looking at specific domains, memory had
the most measures that were significantly correlated with

memory complaints, but here, too, the strength of the rela-
tion was weak. In every domain, the percentage of people
who had accurately self-assessed a deficit was dwarfed by
those who claimed deficits in the face of normal perfor-
mance. Also as expected, all three self-reported cognitive
complaints were consistently and significantly correlated
with stress symptoms and multiple PAI scales, most nota-
bly anxiety and depression. Individuals who had cognitive
complaints consistently scored higher on measures of psy-
chological distress. Previous work in a military population
has consistently shown the role of emotional distress in
symptom reporting after TBI [29-32]. This adds to that
body of literature. Perhaps of greater interest, however, is
the reason for the mismatch. Diminished insight because
of damage to cortical structures that support self-appraisal
and monitoring is one possibility. Certainly, these more
anterior regions of the brain tend to be more differentially
affected in TBI [33]. This possibility is less likely in the
patients with milder TBI, but becomes increasingly possi-
ble as severity increases. However, contrary to expecta-
tions, we found no appreciable differences in the relation
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Table 6.
Comparison of mean scores on the Posttraumatic Stress Disorder Symptom Checklist-Civilian (PCL-C) and Personality Assessment Inventory
and (PAI) scales by dichotomous self-reported complaint groups and traumatic brain injury (TBI) severity.

Mild TBI Moderate-Severe TBI
Mean = SD Mean £ SD
Measure 0 Cogni'Five 1-3 Cogn.itive p-Value d 0 Cogni?ive 1-3 Cogn_itive p-Value d
Complaints Complaints Complaints Complaints
(n=19) (n=31) (n=25) (n=34)
PCLC Total 28.7£10.2 41.3+8.7 0.002 0.96 26.2+83 38.6+14.6 <0.001 1.04
PAI Somatic Complaints 522+79 61.9+6.0 0.002  0.97 53.9+8.0 62.8+9.8 <0.001 0.98
PAI Anxiety 47.6+9.8 55.2+£15.0 0.03 0.68 454+6.3 54.6+9.9 <0.001 111
PAI Anxiety-Related Disorder 46.8+11.2 54.5+11.3 0.02 0.72 44,6 £6.9 52.3+10.4 0.002 0.86
PAI Depression 53.6+12.1 62.4+£11.9 0.04 0.64 50.0+9.6 61.1+10.1 <0.001 111
PAI Mania 48.1+10.8 52.1+10.2 0.17 0.41 48.0 8.7 53.9+8.8 0.02 0.66
PAI Paranoia 52.6 £10.2 55.7 £15.0 0.33 0.29 491+74 57.5+10.5 0.001 0.91
PAI Schizophrenia 484+11.1 56.8+9.2 0.03 0.67 452 +6.7 59.2+9.5 <0.001 1.70
PAI Borderline Features 50.1+10.9 55.8 £10.7 0.10 0.49 483+ 7.6 58.6 +12.3 <0.001 1.00
PAI Antisocial Features 54.7+8.4 55.0£13.2 0.90 0.04 54.0+£9.3 58.9+11.1 0.08 0.47
PAI Alcohol Problems 489+7.7 50.3+£12.0 0.56 0.17 495+7.7 495+75 >0.99 0.00
PAI Drug Problems 479+59 49.0+104 0.57 0.17 498+7.7 48.0 6.0 0.33 0.26
PAI Aggression 56.7 £ 13.7 58.3+8.3 0.69 0.12 50.8 £10.2 59.3+14.2 0.01 0.68
PAI Suicide 474+6.8 46.4+6.8 0.56 0.17 47.0+4.3 475+5.1 0.68 0.11
PAI Stress 50.4+£8.7 56.1+13.9 0.07 0.55 51.7+£105 58.4 +10.6 0.02 0.63
PAI Nonsupport 46.6 +10.3 53.1+5.2 0.06 0.57 48.4+9.2 53.9+11.1 0.05 0.54
PAI Treatment Rejection 57.2+8.8 49.6+11.6 0.007  0.83 55.0+£7.6 499+9.2 0.03 0.59
PAI Dominance 56.9+7.0 535+12.2 0.18 0.40 54.6 £10.2 53.8+9.7 0.75 0.09
PAIl Warmth 49.4+125 447493 0.20 0.38 48.8+9.6 439+12.1 0.10 0.45

Note: N = 109 (50 mild TBI, 59 moderate-severe TBI). Groups were defined based on number of self-reported cognitive complaints rated as “moderate or higher”

on items 13 (attention), 14 (memory), and 16 (thinking/organization) of Neurobehavioral Symptom Inventory. Maximum number of total symptoms was 3.

SD = standard deviation.

between self-reported cognitive complaints and objective
neurocognitive test performance in mTBI versus moder-
ate-severe TBI subgroups.

Another possibility is deliberate misrepresentation.
This is an issue in all cases in which there may be exter-
nal incentives to look worse than one is objectively [34]
and certainly an issue in military and Department of \Vet-
erans Affairs (VA) cases [35]. In our sample, we do not
have data on external incentives. However, all subjects
included passed formal measures of effort on cognitive
testing and validity measures on personality testing, sug-
gesting that, in at least some domains, they showed ade-
quate levels of validity. It is also possible that the
participants’ report was a more valid assessment of their
everyday function than was the neuropsychological test
measures employed. While we know that such measures
have limitations [36], we also know that neuropsychologi-
cal assessment in general [37] is a strong predictor of
daily functioning after TBI. We, unfortunately, did not
have collateral information on daily functioning in these

individuals. Traditional markers of everyday cognitive
functioning, such as success at competitive employment,
were not applicable in this population of injured service-
members who remained “employed” in the military but
with typically few duties beyond participation in medical
treatment.

It is also possible that other clinical conditions may be
accounting for subjective cognitive complaints. It is well
known that various clinical groups (e.g., psychiatric disor-
ders, personal injury claimants, chronic pain, posttraumatic
stress disorder, and soft-tissue injuries) [38—47] and even
healthy adults [48-55] often report cognitive symptoms in
the absence of brain injury. Finally, we cannot exclude the
effects of expectancy. With increased awareness around the
occurrence of concussion and TBI, there is also increased
awareness around potential long-term effects. This may be
especially pronounced in mTBI, where individuals may
expect to have persistent problems even though they are
showing a good recovery [51,56]. The DOD and VA have
developed extensive screening and education programs
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around TBI for all servicemembers, but not without a
potential cost around stigma, misattribution, or other nega-
tive effects [57-58]. In one study of veterans who screened
positive for TBI [59], “friends in the military” was the most
frequently cited source of information about TBI and its
effects, with the internet being the second highest. This
heightens the possibility of misinformation about TBI and
its possible consequences. This is unfortunate, because
structured, accurate educational interventions have been
shown to be effective in reducing postconcussive symp-
toms in both acute and more chronic TBI in Active Duty
servicemembers, veterans, and civilians [60]. Cognitive
behavioral interventions that focus on identifying misattri-
butions can be very effective in reducing longer term mor-
bidity in some cases of mTBI [61-63]. Administration of
diagnostic tests and sharing of test results with a patient can
actually reduce symptom complaints with subsequent
reduction in healthcare utilization [64].

STUDY LIMITATIONS

It is important to recognize that there is some inher-
ent ambiguity in these particular constructs. For example,
while reduced processing speed may be a symptom of
TBI, it may also reflect subjective cognitive slowing
associated with depression; complaints of concentration
difficulties may also reflect mood changes or stress
symptoms. We do not know what these subjects believe
to be the etiology of their cognitive concerns. Strong
attribution of symptoms to TBI can contribute to symp-
tom complaints [65].

This study has several methodological limitations
that warrant mention. First, we excluded participants
from the final sample for poor cognitive effort based on a
single symptom validity measure (i.e., WMT). While the
WMT is considered to be a clinically valid and reliable
measure, current clinical guidelines recommend using
more than one symptom validity measure for the pur-
poses of detecting poor cognitive effort [66-67]. It is pos-
sible that we included some people who had been
misidentified as providing adequate effort when, in fact,
they provided inadequate effort. However, it is important
to note that we also excluded people if they were identi-
fied as providing exaggerated symptom reporting based
on the PAI validity scales. The relation between symptom
exaggeration and poor cognitive effort is well established
[68—79]. As such, the combination of the WMT and PAI

validity scales together greatly reduces the likelihood of
misidentification and is unlikely to have affected the
overall results. Second, no information was available
regarding compensation status or external incentives in
this sample. External incentives are common in this popu-
lation. Some servicemembers are motivated to avoid
being deployed again or to obtain a disability pension or
other financial incentive. This information was not avail-
able, and we could not evaluate the influence of external
incentives on test performance. Third, no information
was available regarding history of previous TBI. Fourth,
we relied on a single item to measure each of the cogni-
tive complaints. It is uncertain whether a comprehensive
evaluation of these cognitive complaints would result in
different conclusions. Fifth, we acknowledge that we
compared neuropsychological test performance against
population-based normative data rather than change in an
individual’s performance against his or her own baseline.
In some cases, the patient’s report of a cognitive change
may represent a true decline in his or her own function-
ing, which was not readily discernible with cognitive
testing. In that circumstance, self-appraisal may be more
accurate than was suggested here. Given that normative
data were age and education adjusted (and in some cases
also sex and race adjusted), this likelihood is relatively
small but should be recognized. Sixth, the military popu-
lation might not be reliably generalizable to the larger
civilian TBI population, because of patient demograph-
ics, typically method of injury, rates of comorbid stress,
or other factors. For example, in our sample, we saw
strong neurocognitive performance in our moderate/
severe TBI patients. This is consistent with some of our
previous work [80] with this population. It may reflect
unusual resiliency and recovery as a result of preinjury
fitness and health, relatively young age, lack of substance
misuse, or other factors in this employed (by definition)
group. Finally, although not considered a limitation per
se, it is important to acknowledge that the TBI severity
classification system used here is not consistent with
DOD clinical guidelines. As such, it is important for cli-
nicians who use DOD clinical guidelines to view these
results within the context of the classification system
used in this study. For example, the mTBI classifications
used here include the “mTBI” DOD classification and
some individuals who would be considered moderate
TBI (i.e., complicated mTBI).
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CONCLUSIONS

These findings help to contextualize the role of cogni-
tive symptom complaints in this population and underscore
the importance of understanding emotional and environ-
mental factors in interpreting subjective concerns. Further,
we wish to suggest the value of educational interventions in
this population. While not investigated in this study, we
believe that a discussion around the meaning of neuropsy-
chological, neuroimaging, and other test results coupled
with potential implications for the recovery process and the
future is important. Promoting an expectancy of recovery in
mild cases and realistically discussing functional implica-
tions in more severe cases, both with the patient and the
family, may serve to more closely align objective and sub-
jective differences in assessment. Where appropriate, psy-
chiatric contributors to symptoms should be identified and
mental health services provided as needed, whether to deal
with adjustment issues related to coping with injury,
deployment-related stress, overt depression, posttraumatic
stress disorder, or other diagnoses.
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