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Abstract

Objective: Previous research has found that among those with brain injury, individuals have a
variety of different potential symptom sets which will be seen on Personality Assessment
Inventory (PAI). The number of different groups and what they measure has varied by study.
Method: In Active-Duty personnel with a remote history of mild traumatic brain injury (n = 384)
who were evaluated at a neuropsychology clinic, we used a retrospective database to examine if
there are different groups of individuals who have distinct sets of symptoms as measured on the
PAI. We examined the potential of distinct groups of respondents by conducting a latent class
analysis of the clinical scales. Post-hoc testing of group structures was conducted on
concurrently administered cognitive testing, performance validity tests, and the PAI subscales.
Results: Findings indicate that a pattern of broad symptom severity as the most probable reason
for multiple groups of respondents, suggesting that there are not distinct symptom sets observed
within this population. Pathology levels were the most elevated on internalizing and thought
disorder scales across the various class solutions.

Conclusion: Findings indicate that amongst Active-Duty Service Members with remote brain
injury, there are not distinct groups of respondents with different sets of symptom types as has
been found in prior work with other neuropsychology samples. We conclude that the groups
found are likely a function of general psychopathology present in the population/sample, rather
than bone fide differences.
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Evaluating Personality Assessment Inventory (PAI) response patterns in active-duty
personnel with head injury using a Latent Class Approach

Cognitive and psychological evaluation after brain injury represents a pressing clinical
issue for military psychologists. Approximately 80% of the 350,000 assessments conducted by
the Department of Defense between 2000 and 2015 include some evidence of brain injury
(Defense and Veteran Brain Injury Center Annual Report [DVBIC], 2016), documenting
substantially higher rates than are observed in the general U.S. population (e.g., Frost et al.,
2013; Schneider et al., 2018). Within the active-duty military population, an increased rate of
concussion has been noted with combat deployments; however, most of these injuries occur
when stationed within a given area, rather than while doing combat patrols (e.g., Bass et al.,
2012; Rona et al., 2012). Mild traumatic brain injury (mTBI) is the most common form of brain
injury experienced by U.S. Service Members (SM) (Terrio et al., 2009) and represents a specific
area of concern with respect to military psychological and neuropsychological evaluations.
Indeed, studies have found that 15 to 23% of SMs sustained a TBI since joining the military
(e.g., Hoge et al., 2008; Ivins et al., 2003; Terrio et al., 2009). Thus, evaluation of brain injured
SMs is common for military psychologists, with inaccurate diagnosis potentially resulting in not
only inappropriate rendering of health care, but also substantial long-term financial impacts
(Denning & Shura, 2019). Given these effects, neuropsychologists working in the military
setting often rely on broadband measures of personality to assess psychopathology and symptom
validity (Martin et al., 2015; Worthen & Moering, 2011).

With regards to psychological testing, the majority of research on patients who have
sustained a mild traumatic brain injury (mTBI) has focused on validity scale performance (e.g.,

Ingram et al., 2021; Jurick et al., 2019; Meyers et al., 2014; Schroeder et al., 2012; Tarescavage



et al., 2013; Thomas & Youngjohn, 2009; Tylicki et al., 2021; Wygant et al., 2011; Youngjohn et
al., 2011) or the impact of invalid symptom responding on clinical scale performance (Gervais et
al., 2011; Jones et al., 2009, 2012). Despite a strong base of research on validity scales across
broadband measures, less work has been done on the clinical scales of these same broadband
measures, particularly amongst military and veteran individuals. In the limited research that has
been completed, a consistent finding is the relationship between brain injury severity and scales
assessing somatic and/or cognitive difficulties (e.g., Arbisi et al., 2011; Bolinger et al., 2014;
Goldsworthy & Donders, 2019; Whiteside et al., 2012; Youngjohn et al., 2011). Additionally,
those with mTBI produce high rates of invalid responding and elevated clinical scale scores
(Jurick et al., 2019). Heighted internalizing distress is also frequently evident in those with mTBI
(Whiteside et al., 2012)

Across personality measures, a few studies have looked at those with brain injury using
participant grouping methods (e.g., cluster and latent class/profile analysis methods). In general,
these studies have produced irregularities and, as such, offer little cohesive guidance on how to
interpret results amongst those who have sustained brain injuries. Some of the inconsistencies in
findings may reflect, to a degree, the variability of recovery from brain injury (e.g., symptom
presentation as a function of time since injury; Iverson, 2005), which differ across studies along
with settings in which they were done. The limited number of studies, as well as the variability
of findings from those studies, offers little confidence for clinicians tasked with making
meaningful profile interpretations. To further the use of broadband measures as diagnostic aids,
it must be determined if a consistent and discernable pattern of symptoms can be expected, as

well as how long such a pattern is evident for given injury recovery timelines.



Broadly, there are two particularly relevant, but distinct, approaches to grouping response
styles on symptom measures that are used to determine patterns of response. The first identifies
co-occurring variation amongst instruments scales (i.e., factor analysis) and determines an
implied (i.e., latent) symptom structure. The second focuses on finding co-occurring groups of
individuals based on co-occurring elevations (cluster/latent class). Exploratory Factor Analysis
(EFA) is conceptually orthogonal to the patient grouping methods of latent clustering. Both
methods have been used to study the response patterns of those with a history of TBI on
broadband personality measures; however, patient clustering methods (i.e., cluster/latent class)
are more appropriate for identifying groups of individuals because they treat the person as the
unit of analysis, rather than items. Two recent studies (Johnstone et al., 2022 and Goldsworthy &
Donders, 2019) represent examples of these distinct methods in samples of patients with a
history of TBI.

Using factor analysis, Johnstone et al. (2022) examined response patterns among active-
duty service members with a history of TBI evaluated in an outpatient neuropsychologic clinic
approximately one year since injury. They found four conceptual clusters of scales. These four
latent scale clusters consisted of: (1) general distress on psychiatric, cognitive, and somatic
symptoms, (2) interpersonal/social distress symptoms, (3) depression-specific symptom distress,
and (4) substance-use related symptoms. Accordingly, Johnstone et al conclude individuals are
likely to fall into one of these four groups when they have a brain injury. These clustered groups
of scales (described by Johnstone and colleagues as “face valid” clusters) were based on item
content of the Personality Assessment Inventory (PAI; Morey, 1991), and thus lacked any
concurrent validation (i.e., external criterion) for observed groups as is typical for interpretation

of any construct (see Cronbach & Meehl, 1955). Moreover, Johnstone et al failed to meet



necessary sampling to conduct their analyses (Brown, 2015) and had more Likert-type items
analyzed (k = 214) than overall participants (n =210). Likewise, on average, scale scores
comprising these four areas did not rise to a level which would be indicative of clinical
impairment (i.e., mean scores fell well below recommended cut-scores, and many scales
[including both substance use scales on the PAI] matched normative means). It could be argued
that EFA was used when a participant centered analytic approach would have been more
appropriate, given the purpose of EFA for item response pattern rather than for identifying
groups of individuals. This concern adds to the other methodological limitations described above
(e.g., insufficient sample size, scores indicating normative rather than pathological concern).

In contrast, Goldsworthy and Donders (2019) used a patient-centered, two-stage cluster
analytic approach to see how non-military individuals with a brain injury in a rehabilitation
hospital (1 to 12 months post-injury) could be grouped on a comparable broadband personality
measure MMPI-2-Restructured Form (MMPI-2-RF; see Tellegen & Ben-Porath, 2008/2011 for
correlations demonstrating construct overlap). While a distinct instrument from the PAI, the
conceptual overlap of scales provides evidence that the MMPI-2-Rf and PAI are meaningful
proxies to one another, able to be conceptualized together. Goldsworthy and Donders (2019)
identified a four-cluster pattern. Specifically, they concluded that variation existed as a function
of (1) symptom severity (cluster one [substantial elevation across most scales] versus cluster four
[low symptom endorsement and scale elevation]) and (2) symptom pattern (cluster two
[depression and somatic] versus cluster three [somatic only]). Additionally, findings include: (1)
cluster one had the mildest injuries, but the highest rate of concurrent compensation seeking and
invalid validity scales (60%); (2) cluster four had a higher frequency of severe TBI despite

lowest symptom endorsement; and (3) gender differences were evident across clusters two (more



male) and three (more female). A major limitation of this study was that invalid responding was
not screened prior to interpreting clinical scales, despite invalid responding greatly skewing
substantive scale interpretation in those TBI (Jurick et al., 2019). Likewise, model fit was not
evaluated, meaning that findings were non-falsifiable and alternative models could not be
evaluated for better fit. Others examining mTBI populations symptom patterns on the MMPI-2-
RF have found no need for subgroups. Instead, Childs et al. (2022) offered a single comparison
group for outpatients 2- and 24-months post injury, with elevated concerns most evident on
scales measures somatic and/or cognitive substantive difficulties and across most of the over-
reporting scales.

Knowing the potential groups offers a way for clinicians to utilize a nomological
framework for this population, potentially aiding in diagnostic and outcome prediction (e.g.,
Morris et al., 2022) on TBI recovery pattern prediction (Carney et al., 2014; Iverson, 2005). At
present, the literature on TBI patient symptom cluster patterns are limited to such a degree that
engaging such methodology is not possible, despite similar time since injury and, presumptively,
similar levels of impairment (Goldsworthy & Donders, 2019; Johnstone et al., 2022). There is
little consensus between these studies. Each study faces their own limitations, such as
inappropriate method, failure to remove subjects with invalid responding, limited samples, and
incongruent findings. The only consistent response pattern observed is a general distress group,
but even this group may reflect etiologies other than brain injury per se (general distress; see
Ingram et al., 2022). In short, research is needed to aid in understanding symptom presentation
patterns amongst those with a history of TBI using broadband personality measures (Childs et
al., 2022). Within the framework of a limited literature base, the current study extends the

research on PAI substantive scale presentation in an active-duty military sample with a history of



TBI by using latent class analysis to evaluate scale patterns observed in an outpatient military
neuropsychology clinic. Latent class analysis is like cluster analysis but includes fit metrics that
enable an objective, empirical basis for the comparison of models (see Windgassen et al., 2018
for a description of various clustering approaches and the contrasting elements of each ).
Current Study

We examine PAI responses amongst individuals service members with a documented
history of mTBI, as operationally defined by Department of Defense [DoD]/Veteran Affair [VA]
criterion, and which were tested within an outpatient neuropsychological clinic. In general, these
mTBI injuries are fairly remote in origin (M = 61.6 months since last TBI; SD = 51.8). This
study was designed to expand contextual understand about if, and how, remote head injury
should be considered to correspond with testing performance and symptom endorsement.

This study tests three hypotheses. First, consistent with prior work on TBI presentation
across broadband measures (Goldsworthy & Donders, 2019; Johnstone et al., 2022), we
hypothesized the emergence of high/low scoring groups reflecting high distress in some
individuals. Second, we anticipated that those with more severe injuries will demonstrate a low
symptom pattern and that those who fail performance validity testing will be better represented
in the high symptom group (Goldsworthy & Donders, 2019; Jurick et al., 2019; Thomas &
Youngjohn, 2009). Our third hypotheses states that specific groups would not be identified (i.e.,
the clusters identified by Goldsworthy and Donders (2019) which, for instance, demonstrate a
depressive/somatic pattern [cluster two] and a substantially lower and somatic only presentation
[cluster three]). We formulated the third hypothesis partially as a function of extraction artifacts
observed in class/cluster analysis that can result in over-extraction as a function of dimensional

symptom severity (e.g., Aguerrevere et al., 2018; Soldino et al., 2019), which has been observed



on the PAI (Ingram et al., in press), and because of the sample dependent nature of extracted
factors which do not vary from normative samples (e.g., Johnstone et al., 2022). Thus, we
hypothesized that clusters would either merge into a single cluster of somatically focused
symptoms (e.g., 3 cluster solution), or fold into the high/low symptom clusters entirely, resulting
in a more probable two-cluster solution. Clusters identified reflecting normative score patterns
may emerge but are not considered meaningful if they are not symptomatically distinct from
normative behavior. Our hypothesized findings and analytic strategy avoid potential over
pathologizing and offers more meaningful guidance.
Method

Participants

Potential participants were SMs evaluated in an outpatient neuropsychological clinic who
had completed psychological testing. We excluded potential participants undergoing Medical
Board and Temporary Disability evaluations because of the impact of potential financial gain on
response validity and the low number of those participants who would make it difficult to
establish a unique ‘class’ of respondents. We also excluded individuals who exceeded
recommended cut-scores on primary PAI validity scales (INC> 73; INF> 75; NIM > 110; PIM >
68). These exclusion scores were selected for various reasons, including: (1) NIM’s relationship
with clinical symptoms (e.g., Ingram et al., 2021; Bellet et al., 2017) and because prior
publication with this data has evidenced no notable differences in classification accuracy on NIM
based on PVT outcomes (Morris et al., 2022) and (2) contradicting exclusion approaches used in
prior cluster analysis studies leading to use of some scales but not all possible measures,
allowing some generalization to each of the extant clustering papers conducted previously.

Exclusions were not made for non-standard primary scales because of the limited literature on



these measures (see McCredie & Morey, 2018). Data on PAI validity scale performance using
the participants in this study (including those excluded) has been previously published
(Armistead-Jehle et al., 2020; Ingram et al., in press; Morris et al., 2022). The substantive
clinical scales have yet to be analyzed.

The study included a final sample of 384 SMs (Table 1), referred to a U.S. Army Health
Center outpatient neuropsychology clinic for neuropsychological evaluation. The average age of
the sample was 37.4 years (SD = 7.3), with an average education of 15.5 years (SD = 2.3). The
sample was predominantly male (n = 346, 90.1%), white (n =299, 77.9%), and contained
slightly more officers (n = 208, 54.2%) than enlisted (n = 176, 45.8%). The sample was slightly
more White than the over-all military racial ethnoracial makeup (Department of Defense, 2020);
however, the sample represents military enlistment in the Central US region from which the
sample was drawn. The sample was primarily comprised of SMs in the Army (n = 347, 90.4%)
or Army Reserve (n = 15, 3.9%). All participants had a diagnosis of mild traumatic brain injury.
Diagnosis of mTBI was operationally defined via the Department of Defense [DoD]/Veteran
Affair [VA] criterion, which includes the following after injury: loss of consciousness 30 min or
less; post-traumatic amnesia 24 hour or less; self-reported alteration of consciousness/mental
state lasting up to 24 hours; or Glasgow Coma Scale score > 13. Brain injury across the sample
was remote with an average of 85.8 months since the most significant TBI (SD = 75.4) and 61.6
months since the last TBI (SD = 51.8). Most participants had multiple concussions (M = 5.0, SD
=5.7), with more occurring during military service (M= 3.91, SD = 5.2) than outside of service
(M =1.08, SD =2.3).

Measures



Personality Assessment Inventory. The PAI (Morey, 2007) is a widely used measure of
personality and emotional functioning consisting of 344 items answered on a 4-point Likert-type
format. It is well validated within neuropsychological samples (e.g., Busse et al., 2014) and has a
burgeoning work with those with mTBI. The PAI contains four primary validity scales
(Inconsistency [ICN], Infrequency [INF], Positive Impression Management [PIM], and Negative
Impression Management [NIM]), as well as 11 clinical scales (each with subscales), 5 treatment
scales, and 2 interpersonal scales.

Cognitive Measures. Available concurrently administered psychological testing
evaluating common measures of intellectual and memory is used within this paper as criterions
across which cognitive performance is contrasted between identified groups. Administered tests
include the: Weschler Adult Intelligence Scale-Fourth Edition (WAIS-IV; Wechsler, 2008a;
2008b), Controlled Word Association Task (see Rodriguez-Aranda & Martinussen, 2006 for a
meta-analytic review), Animal Naming Task (see Tombaugh et al., 1999), Trail Making Test -
Forms A & B (see Tombaugh, 2004), and the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS; Randolph, 1998). In general, these tests cover a broad
range on intellectual and executive functioning. For an over-view of these collateral measures,
the reader is referred to the technical manuals and substantial research base of each.

Psychological Testing of Performance Validity. Performance validity was assessed on
subsamples that included any of three separate measures, the Test of memory Malingering
(TOMM; Tombaugh, 1996), the non-verbal Medical Symptom Validity Test (NV-MSVT; Green,
2008), and the Medical Symptom Validity Test (MSVT; Green, 2004). For the TOMM, Trials 1

and 2 were administered and PVT failure was determined using a score of 44 on Trial 2 while



MSVT/NV-MSVT failure was determined using manual instructions (see Carone, 2009 and
Wagner & Howe, 2010 for reviews of the MSVT and NV-MSVT, respectively).
Procedure

This study used an anonymized clinical database that included scale scores of
administered tests but did not contain item-level information. As such, no reliability coefficients
were available for the scales. After receiving IRB approval from the Madigan Army Medical
Center, analyses were conducted using T-scores on the main PAI substantive scales (i.e.,
Clinical, Treatment, Interpersonal scales) of the PAI. To ensure the independence of predictors,
clinical subscales were excluded from initial analysis and were retained for post-hoc testing only.
Latent Class Analysis (LCA) were planned to calculate 8 potential class structures (1-Class
through 8-Class), exceeding previously observed class counts. If model fit had continued to
suggest additional classes were needed, which we did not expect given prior work, we planned to
add additional class structures for analysis.

LCA analyses were conducted in Mplus 8.0 with a maximum likelihood estimator with
robust standard errors to account for any non-normality in the data. A combination of fit
estimators was used during interpretation of classes, including: (1) Akaike Information Criteria
(AIC), (b) Bayesian Information Criteria (BIC), (3) sample size adjusted BIC, (4) Entropy, (5)
Adjusted Lo-Mendal-Rubin (LMR), and class scale means. This approach allows for the
integration of a theory-based interpretation of the observed class structures, which is preferred
for LCA analysis (see Nylund et al., 2007). Differences between clusters were interpreted as
meaningful only if means were both statistically (p <.01) and clinically different (i.e., exceeded
a medium effect size or a T>5; Rosenthal et al., 2000) or if there were statistically distinct rates

of elevation at recommended cut scores based on chi-square analysis and a medium size effect



difference using Kramer’s V. We did not use family-wise corrected significance because of our
reliance on clinical significance of differences, which are less influenced by sample size and
better reflect meaningful distinctions. A priori criteria were also used to determine the viability
of identified clusters, including that they contain at least 10% of the sample to avoid the final
solution from having small and uninterpretable clusters. Following the identification of a reliable
class solution, we planned to examine differences across all PAI scales (i.e., both those analyzed,
as well as the subscales which comprise each clinical scale). Post-hoc analyses were also planned
on cognitive testing (e.g., WAIS-IV, Trail Making Test), performance validity testing (PVT), and
positive neuroimaging (i.e., indicating a structural abnormality) frequency amongst those
participants with any such data. Positive imaging was determined by the chart coding of the
radiologist who evaluated the neuroimaging, which was recorded at the time of evaluation.
Results

LCA models for 2-Class through 8-class solutions were conducted (Table 2). While the
three-class solution produced slightly improved fit on some key statistics (e.g., A AIC = 590.98,
A BIC =515.97, A Adjusted BIC = 576.25), it also produced worst classification (entropy).
Moreover, when class structures (i.e., mean score patterns) for the various class solutions were
evaluated, these models (including the three-class solution) demonstrated a broad, progressive
increase in levels of scale scores, rather than discrete pattern(s) of symptoms which are distinct
and theoretically interpretable. Similar patterns of a general distress elements were observed
across the other LCA models, and changes in fit statistics were small when compared to
observed fit values in other class solutions (i.e., 2-Class/3-Class AAIC = 590.98 while overall
AIC in the 3-class is 49,880.90). These results observed across the multiple class structures

identified and analyzed indicate that the underlying symptom pattern evidenced within analysis



is likely dimensional rather than categorical. Thus, a 2-class solution produced the most
parsimonious model for the same pattern (i.e., symptom severity) observed across all LCA
analyses and offers a concrete way to synthesize how specifically pronounced patterns of
pathology. differences in scale mean scores for the 2-class structure (Table 3) on the clinical
scales (d = .09 to 2.54) were large/very large in effect. Most pronounced (i.e., highest T-score
and most frequent clinical elevation [>T70]) amongst scales assessing internalizing and thought
disordered pathology. The magnitude of effect differences between classes varied as a function
of the number of extracted classes.

Post-hoc analyses (Table 4) were conducted using the final grouping for each participant
from the 2-Class classification to determine specific symptom sets that are likely driving
pathology elevations on the overall clinical scales used for the LCA. PAI Clinical Subscales,
which were not included in the LCA and that are part of overall Clinical scale score, produced
more subdued group differences, with approximately half demonstrating medium (35%) to large
(10%) range in the 2-class solution. These differences were primarily across the internalizing and
thought disordered scales. Similarly, neurocognitive testing found less frequent differences
between these pathology-level groups, with some evidence of slightly lower intellectual
functioning in the medium to large effect range. However, this pattern was not conclusive and
did not emerge across all cognitive testing data. Evidence also suggests minor differences on
PVT performance, with one PVT (NV-MSVT) differing significantly across the two-class
solution. Table 3 and 4 also contains descriptive information about outcome measures for
primary analyses, as well as those conducted post-hoc using the identified class structure.

Discussion



This study investigated the potential emergence of different symptom classes using latent
class analysis (LCA) on the Personality Assessment Inventory (PAI) within an active-duty
military population meeting DOD/V A requirements for diagnosis of mTBI. Prior literature has
found distinct symptom groups in non-military TBI populations across broadband measures;
however, the number and nature of these groups have differed across studies (e.g., Goldsworthy
& Donders, 2019; Johnstone et al., 2022). Indeed, some researchers have found no need for
subgroups at all and recommend unified comparison groups (Childs et al., 2022). Moreover,
prior studies have investigated only the main clinical scales of the PAI and have excluded extra-
test variables which provide interpretive validity to ensure class structures differ.

We found that a two-class solution (low/high symptom groups) could provide adequate
explanation for the data patterns found within our analysis wherein the low symptom group had
scores that were largely normative, and the high symptom group had notable and frequent
elevations on scales measuring somatic concerns, depression, anxiety, anxiety-related disorders,
and paranoia. While the PAI does not having a general distress scale like comparable broadband
personality measures, the frequency of elevations seen in the high symptom groups appears
marked by general distress (see Morey, 1996’s discussion of first factor response patterns on the
PAI). This two-class solution is representative of an underlying symptom severity trait, rather
than a distinct set of classes which should be interpreted. Thus, we caution researchers about
interpreting them as truly distinct because they merely provide parsimoniously fitted model that
describes a dimensional pattern (severity), highlighting that neuropsychology clients with remote
mTBI demonstrate no distinct subclass patterns. These findings differ from previously observed

three- (Demakis et al., 2007; Velikonja et al., 2010) and four-class (Johnstone et al., 2022;



Kennedy et al., 2015) solutions. In contrast, interpretive conclusions are consistent with Childs et
al (2022).

Broadly, patterns observed across LCA models (2-class through 7-class) suggest that
rather than distinct and meaningful classes, symptom severity levels better explain class
structures. In other words, identified classes increase as a function of general symptom severity
(defined by elevation frequency and greater mean scores across PAI scores) than distinct
patterns, which has previously been interpreted as the causal factor for the underlying class
structures. This finding of symptom severity as an explanation for class groups (rather than
distinct patterns) aligns with our hypotheses that existing classes would not replicate and with
literature on latent class analysis more broadly (e.g., Ingram et al., 2021). In addition to findings
related to the classification of individuals into groups, we examined the relationship between
symptoms and extra-test performance, as measured by standalone performance validity and
cognitive testing. Somewhat consistent with our hypotheses and past research (Jurick et al.,
2019), we found that the higher symptomatic individuals would have a greater percentages of
PVT failure and lower cognitive testing scores. However, differences were generally modest and
were not evident on all tests, leading to this hypothesis to not be fully supported. Our hypothesis
that those with lower symptom patterns would have less serious injuries (as defined by abnormal
imaging or by concussion severity) was not supported. In general, this study provides three
specific implications for the evaluation of active-duty individuals with a history of mild TBI: (1)
specific class models observed in prior research are not seen in this active-duty sample, (2)
symptom severity explains the emergence of various class structures, and (3) symptoms reported
within the high symptom group are broad and include experiences outside of domains expected

in those with a history of brain injury.



A major implication of our work is that clinicians evaluating active-duty personnel with
mTBI should not necessarily expect distinct class structures found elsewhere in the PAI LCA
literature (e.g., Goldsworthy & Donders, 2019; Johnstone et al., 2022). Such a finding is
particularly warranted in a remotely injured sample, consistent with probable recovery from
brain injury (Iverson, 2005). Indeed, in these mTBI populations with remote injury, comparison
groups may be created by collapsing individuals into a single comparison group (see Childs et
al., 2022). Accordingly, clinicians should not necessarily base recommendations and treatment
needs on similar research in other samples and rely on the scales of the PAI based on standard
interpretation, for those with remote injury. We based our interpretation of results on the idea
that parsimonious explanations are preferred in data analysis (e.g., that one explanatory factor
[severity] is better than multiple and inconsistent patterns [numerous class structures observed
across various samples]). Indeed, this conclusion may also apply to non-military samples as well
because of over-extraction difficulties in the approaches previously utilized; however, this
possibility should be verified in a non-military sample with less remote injury.

Our conclusion of non-distinct classes somewhat contrasts the conclusions found a four-
class structure (no distress, moderate distress, high distress, and somatic distress) found by
Kennedy et al. (2015). However, outside of the somatic distress class, classes identified by
Kennedy and colleagues may also be interpreted as reflecting a symptom severity factor (e.g.,
low, moderate, high distress) that would emerge as additional classes are added to the model.
Kennedy et al’s use of cluster analysis, which does not provide a clear set of fit statistics by
which to judge meaningful model additions, may have also led to an over-extraction or
misinterpretation of identified classes (e.g., Aguerrevere et al., 2018; Soldino et al., 2019). An

added difficulty to interpreting less-reliably cluster derived classes is that when studies do not



include data on which to evaluate potential class structures (e.g., criterion validity) outside of the
scales used to create the classes, interpretation becomes difficult. Class structures on the PAI are
often better explained by continuous, latent constructs measuring general mental health/distress
(see Ingram et al., 2021). Differences in injury severity may have also impacted findings as 33%
of Kennedy’s sample had moderate or severe TBI and there were no such cases in our study
(although most of those individuals fell in the low distress group as expected [see Jurick et al.,
2019)).

Johnstone et al. (2022) found a similarly broad distress related theme in their evaluation
of active-duty personnel, containing most items analyzed within their study. The additional
groups included scale item content from included internalizing, externalizing, and thought
disordered content, despite such content being clinically unique (Kotov et al., 2017). Groups did
not include most of the items for the scales from which the group’s content theme is measured.
For instance, the “Substance Misuse” group had a total of 6 items while the PAI’s substance use
scales from which items were identified for that group (Alcohol Problems [ALC] and Drug
Problems [DRG]) contain substantially more items. Moreover, the sample’s mean scores for
these scales approximate a T-score of 50 and have standard deviations comparable to the PAI
normative sample. Thus, it is likely that their results rely on over-extraction of item content
rather than distinct and meaningful symptom groups. The fact that they used exploratory factor
analysis limits the interpretative comparability.

Further supporting a general pathology level as the core explanation for distinct class
structures at this stage post-injury is the observation that the most pronounced scale score
elevations (e.g., ARD [Anxiety Related Disorders] M=69.4; DEP [Depression] M=72.6; SCZ

[Schizophrenia] M=68.9) fell outside expected symptoms associated most with brain injury (i.e.,



cognitive and somatic symptoms). It is possible that these affective features are the result of
brain injury given that similar internalizing distress problems are frequently observed in this
population (see Whiteside et al., 2012); however, the subscales driving those elevations do not
fully support that conclusion. Instead, elevations on scales measuring these constructs may
reflect issues which may surround that injury (e.g., psychological trauma experiences; Sellbom et
al., 2012). For instance, the ARD-T (Anxiety-Related Disorders- Traumatic Stress) scale, which
is most associated with traumatic experiences (Bellet et al., 2018), is the ARD subscale that was
most elevated. This elevation aligns with past findings that mTBI does not predict PAI symptom
elevations. Rather PTSD and trauma experiences may serve as the main predictor for PAI
symptom elevation in those with mTBI (Miskey et al., 2015). Likewise, DEP-P (Depression -
Physiological), rather than DEP-C (Depression - Cognitive) which appears to underlie the DEP
elevation. Conversely, elevations on SCZ are driven primarily by the SCZ-Thought Disorder
(SCZ-T) scale, which may reflect cognitive problems common in brain injury, despite the remote
injury. Those elements of poorer memory, concentration, and focus are, however, also common
amongst a variety of distress-based disorders. While somatization elevations also increased (as
did all scales) across different class solutions, it is possible that somatic symptom elevations not
being the most pronounced may occur as a result the mTBI recovery process (see Iverson, 2005).
However, and more likely given past work with latent class analysis on the PAI (Ingram et al.,
2021), is that brain injury doesn’t itself produce distinct classes in broadband assessment profiles
(e.g., Greiffenstein and Baker, 2001), at least at this stage of recovery (Childs et al., 2022;
Iverson, 2005). Rather, occurrence of general psychopathology within the sample and
population/setting specific base rates may better predict the types of symptoms which become

most evident in the latent groups within these individuals. Even if the underlying cause is



attributed to affective and cognitive changes caused by mTBI, these changes still appear as a
function of a dimensional pattern of symptom severity rather than distinct class patterns found
previously.
Limitations and Future Directions

No study is without limitations. Participants primarily had remote brain injury histories
and those injuries were classified as mild in nature. While mild traumatic brain injury is highly
prevalent in military samples (e.g., DVBIC, 2016; Frost et al., 2013; Schneider et al., 2018), this
study should not be generalized to acute, recent, or more severe cases of brain injury until
supported by replication. Accordingly, our results suggesting a latent severity factor differs from
prior work on mTBI using the PAI and may reflect patterns only observed in those with mild
TBI, despite having similar findings to other PAI latent class research (Ingram et al., 2021). An
additional limitation is that this sample is composed of primarily White males and may not
generalize to more diverse populations. Additionally, our sample had an equal representation of
officers and enlisted, and we did not examine how officer or enlisted status (or the associated
service experiences resulting in mTBI) may differ. Thus, further work should determine if rank
and associated service experiences (service duties, service length, etc) produce distinct patterns,
or impact observed patterns, between groups Future research should continue to incorporate
extra-test measures of performance validity and cognitive testing and should evaluate different
TBI severities as an impactful factor of class structures.

Moreover, since existing research with those who have a TBI on the PAI is limited and
contradictory in both the number and nature of observed classes (see Demakis et al., 2007,
Kennedy et al., 2015; Johnstone et al., 2022 Velikonja et al., 2010); research remains needed to

determine if differences can be explained solely by the analytic techniques used or if there are



underlying sample differences (e.g., TBI severity) that better explain the observed patterns. It is
also possible that differences in AD and civilian populations drove some differences in identified
class structure. Given prior work highlighting similar difficulties in extracting theoretically
meaningful groups using LCA (see Ingram et al., 2021), we believe our interpretation is likely
the most robust; however, replication and extension is needed. It is also important to control for
invalid responding and not doing so can bias subsequent analytic interpretation (Shura et al.,
2021; Hawes, & Boccaccini, 2009).

We controlled for over-reporting by excluding participants exceeding recommended cut-
scores (e.g.,, NIM > 110; Morey et al., 2007) as well as those undergoing Medical Board and
Temporary Disability evaluations. Such an exclusion approach is not inclusive of all potential
metrics to identify invalid responding; however, it provides a middle road between over-
exclusion which might not generalize to prior studies and non-exclusion, which biases data
analysis. While these exclusions reduced the amount of invalid responding, the high symptom
group had a higher percentage of participants failing performance validity tests (32.2% MSVT
and 21.1% NVMSVT). Higher invalidity amongst active-duty populations with mTBI (Jurick et
2019) and those with higher symptom experiences is not uncommon or unexpected; however,
external motivations can’t be ruled out. Subsequent research should evaluate if clustered patterns
of SVT/PVT responses product distinct classes. While such an investigation of validity scales is
outside the scope of this paper, it would be wise to approach such an undertaking with explicit
focus on the newly developed cognitive over-reporting measures for the PAI (Armistead-Jehle &
Ingram, in press; Boress et al., 2021; Ingram et al., in press; Gaasedelen et al., 2019; Shura et al.,
in press). Likewise, using these cognitively focused scales as the sole exclusion criteria prior to

LCA provides another direction worthy of independent investigation. Such work would vary



from this and prior LCA work in mTBI populations because of the distinct exclusionary
approach (see Sweet et al., 2021). These limitations notwithstanding, this study offers adds to the
literature on groups of respondents with mTBI on the PAI and offers a potential explanation

which allows past, contradictory findings to be explained parsimoniously in those with remote

injury.
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