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Abstract

Objective—To use a Rehabilomics framework to evaluate relations between post-TBI depression
(PTD) and potential associated factors, including antidepressant use, on cognitive recovery
following severe TBI.

Participants—Severe TBI survivors (n=154), recruited from a level 1 trauma center.
Design—~Prospective cohort study with assessments at 6 and 12 months post-injury.

Main Measures—Patient Health Questionnaire-9 (PTD symptoms); cognitive composite score
from a neuropsychological assessment battery (cognitive impairment); and Functional
Independence Measure—Cognition (FIM-Cog, self-reported functional cognition).

Results—Individuals with and without PTD did not differ with respect to cognitive impairment.
However, antidepressant use, regardless of PTD status, was associated with cognitive impairment.
Individuals with PTD reported lower FIM-Cog scores at both time-points compared to those
without PTD. In a post-hoc longitudinal analysis, individuals with late-onset PTD had worse
cognitive impairment.

Conclusion—These results suggest antidepressant use impairs cognition among individuals
without PTD. Also, PTD does not directly affect cognitive impairment but may affect functional
cognitive limitations through self-evaluation and apathy/motivation factors.
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Introduction

Traumatic brain injury (TBI) is increasingly recognized as a chronic health condition with
multiple accompanying physical, cognitive, and neurobehavioral impairments or limitations.
Mood changes and cognitive impairments greatly diminish quality of life and can impact
return to work or school following TBI12. Post-TBI depression (PTD) is a common
neurobehavioral complication; during the first year of recovery, individuals with TBI are 10
times more likely to experience a depressive episode when compared to the annual rate of
depression in the general population (53%° compared to 6%) and are at greater risk decades
later for recurring depressive symptoms8. One study found depression to be a better
predictor of continued disability after TBI® than injury-related cognitive impairments.
Clinically, the overlapping symptomatology of PTD and TBI-related cognitive impairments
(e.g., reduced processing speed, poor concentration, memory difficulty, and increased
fatigue) may complicate differential diagnoses as well as treatment. As a result, an increased
understanding about the relationship between depression and cognitive impairments post-
TBI, especially following more severe injuries, is important for understanding individual
functional recovery and developing effective personalized treatments.

In populations without TBI, individuals with depression often have accompanying cognitive
impairments that may be due to common underlying neuropathology1. Meta-analyses
indicate uninjured individuals with depression frequently have working memory
impairments and reduced cognitive flexibility; individuals with depression also complain of
memory problems and difficulty concentrating!. While individuals with depression may
report several deficits on tasks where cognitive control is necessary to focus memory (e.g.
those with additional attentional components or time limitations)13:14. Cognitive control, or
the ability to direct cognitive processing in the context of ever-changing goals and
distractions, is important for functional cognition (cognitive processes required for every-
day life), as performance generally requires reacting to changing and distracting
environments. Further, cognitive control is particularly susceptible to mood and motivational
factors 15, Individuals with depressive symptoms can also have an increased bias to attend to
negative stimulil6, with some evidence of this phenomenon occurring in mild TBIY?. Such
an increased negative attentional bias, combined with reduced cognitive control, may
increase severity and duration of depressive symptoms.

Similar to individuals with depression in the general population, survivors of TBI commonly
exhibit significant memory, cognitive control, and attentional limitations18-2. In addition,
previous studies suggest poorer cognition among individuals with depressive symptoms
compared to individuals with no depression following TBI122:23, though this association has
not been consistently reported 24. Similarly, studies consistently demonstrate that individuals
with depressive symptoms following TBI have more functional cognitive limitations than
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those without depressive symptoms25-27, Apathy, insomnia, psychomotor agitation or
retardation, and fatigue are reported frequently after TBI, even among individuals without
depression, and these symptoms can influence cognition28-30,

Our group has developed a research framework called Rehabilomics®! to improve
understanding of complex health conditions for those with disability (e.g. TBI) that involve
multiple complications with overlapping symptoms, interactions with individual risk factors,
and diversity in response to rehabilitation. Rehabilomics methodologies utilize the World
Health Organization’s International Classification of Functioning, Disability and Health
(ICF) framework to explore the concepts of biological susceptibility, genetic variation, and
epigenetic factors as environmental and personal factors that affect functional recovery and
treatment outcomes. This framework expands the ICF’s definition of personal and
environmental factors to incorporate personal genetics and potential genetic modifiers from
the environment, while still preserving the original ICF conceptualization where there are
complex interactions among impairments, functional limitations, and daily participation that
are unique to each individual. By accounting for these multiple factors that may affect
rehabilitation-relevant outcomes, the Rehabilomics framework aims to improve prediction
and personalized approaches to optimize outcome32:33, Consistent with this framework, we
describe cognitive impairment among individuals with PTD and operationalize our
understanding about the relationships between PTD, cognitive impairment, and functional
cognition using ICF constructs. We also examined personal and environmental factors like
pre-morbid mood disorders, injury severity, and antidepressant use associated with PTD and
cognition, as studies suggest that remission of depressive symptoms with antidepressant
treatment can lead to improved cognition following TBI34,

The primary purpose of this study was to evaluate interrelationships between cognitive
impairment (measured by neuropsychological tests), functional cognitive limitations
(measured by FIM-Cog), and PTD in the first year following TBI.

Participants in this study, which was approved by the University of Pittsburgh’s Institutional
Review Board, were screened as a part of a larger study examining outcomes after TBI
among individuals receiving care at inpatient and/or outpatient clinics within the University
of Pittsburgh Medical Center (UPMC). Based on medical records review, participants
sustained a non-penetrating TBI with evidence of intracranial injury on Computed
Tomography (CT). As part of standardized neurocritical care, Glasgow Coma Scale (GCS)
assessments were completed by neurosurgical physicians. To meet criteria for inclusion,
participants had to have a GCS within the first 8 hours of admission of <9 after resuscitation
and while off of paralytics and sedation, indicating a severe initial level of injury. Trained
research staff reviewed exclusion criteria including: cardiac arrest prior to admission,
documented prolonged hypoxia or hypotension prior to admission, or penetrating TBI.
Participants reported on herein are a subset of those in a larger study investigating possible
biomarkers and genetic factors related to individual recovery following TBI.
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Injury severity was described using the best Glasgow Coma Scale (GCS) obtained within the
first 24 hours post-injury. The GCS is the standard tool for measuring injury severity after
trauma. However, the “best GCS” has been shown to have greater sensitivity in
discriminating later cognitive outcomes, compared to immediate GCS which may be
complicated by substance use or other factors3:3%. Demographic information including age,
sex, education, and information regarding prescribed antidepressant medications at both 6
and 12 months was collected by chart review as well as through participant or caregiver
interviews (see Table 1 for a list of antidepressant medications considered in this study). In
addition, participants taking atypical anti-psychotics were excluded from associations with
cognition due to known negative effects of these medications on cognitive functioning post-
TBI36:37_ A pre-injury history of mood disorders including depression, bipolar disorder, and
anxiety was established primarily by self-report (Has a physician ever diagnosed you with
any of the following conditions?) and in some cases, chart review (reviewing patient history
reports for diagnoses including mood disorders).

Cognitive Assessment

Self-perceived Cognitive Functioning—Participants’ functional cognitive limitations
were assessed using the FIM-Cog38 at both 6 and 12 months after injury. FIM-Cog has five
components: expression, comprehension, social interaction, problem-solving, and memory.
Each component is rated from one to seven, with a 5 or lower indicating a need for caregiver
assistance. The sum of these five components yields the FIM-Cog Score. In the current
study, this measure was assessed by trained research staff primarily through in-person
interview and was rated primarily based on subject self-report of functioning.

Neuropsychological Assessment and Overall Cognitive Composite—To
examine cognitive impairment, nine standard neuropsychological tests were administered at
6 and 12 months post-injury to assess processing speed, visual and verbal memory, attention,
language fluency, and executive functions: Trail Making Tests A and B39, the digit span sub-
test from the Wechsler Adult Intelligence Scale-R*7, the Rey-Osterreith Complex Figure
Test Delayed Recall*?, the Controlled Oral Word Association (COWA)*2, the Delis-Kaplan
Executive Function Systems (DKEFS) Verbal Fluency*3, the Stroop Task##, the Wisconsin
Card Sorting Task (WCST)*® and the California Verbal Learning Test-11 (CVLT-1146),
Alternate, equivalent forms of the CVLT were used at 6 and 12 months to minimize practice
effects from repeated administration. Raw scores from each test were converted into T-
scores using appropriate metrics (i.e. education, age, sex, race) based on available norms
indicated by the test manufacturer.

This battery was examined at the individual test level and as a part of a cognitive composite
(similar to published studies*’). For the purposes of data analysis, an overall cognitive
composite score was the primary outcome measure for analysis, and this composite score
was generated from selected component scores of eight of the nine neuropsychological tests.
The composite components included were chosen to best represent domains of interest and
to balance the number of domains used in the analysis, allowing evaluation of overall
cognitive impairment as a function of included domains. This approach resulted in the
exclusion of one test, as explained below. As noted above, we targeted four cognitive

J Head Trauma Rehabil. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Failla et al.

Page 5

domains for analysis (memory, attention, language fluency, and executive functioning) and
used specific subtest scores from each of the neuropsychological tests to assess each of these
domains. Two subtests from each domain were selected, and their T-scores were averaged to
create domain-specific averages. To calculate the cognitive composite score, participants had
to complete at least one test in each domain. Mean values across domain sub-scores were
calculated to obtain the overall cognitive composite score.

Specifically, we used the following subtest scores as measures within each domain for the
composite: for attention, the scores from Trails A and Digit Span; for memory, we chose the
long delayed recall score from the Rey-Osterreith Complex Figure Test and the long delay
free recall score from the CVLT-II. Language fluency was measured by averaging the animal
naming subtest of the COWA and letter fluency from the DKEFS. Executive functioning was
measured via the score of Trail Making Test B and the interference score from the Stroop.
As we had three tests within the executive functioning domain, the Wisconsin Card Sorting
Task was excluded from the executive functioning component of the overall cognitive
composite so as not to bias the composite within the executive function domain.

Depression Symptom Assessment

At 6 and 12 months, the presence or absence of depression symptoms was evaluated using
the Patient Health Questionnaire-9 (PHQ-9), a brief self-report symptom inventory based on
the 9 DSM-1V diagnostic criteria for Major Depressive Disorder (MDD). The PHQ-9 has
been validated as a depression assessment after TB148 that can reliably discriminate between
chronic TBI and depression symptoms*®. On the PHQ-9, participants rate how often over the
last two weeks they have experienced symptoms of depression using a Likert scale ranging
from 0 (none) to 3 (nearly every day). Participants were grouped as “depressed” vs. “non-
depressed” using the PHQ-9 questions as they map to DSM diagnostic criteria (previously
described and validated in TBI48). To be categorized as depressed (PTD), individuals
responded positively to at least five symptom questions on the PHQ-9, with at least one
pertaining to a cardinal symptom of MDD (anhedonia or depressed mood). Higher total
scores (PHQ-9 Total) reflect a greater number of and/or greater severity of depressive
symptoms, with the maximum score being 27. PTD severity categories were defined as
previously described®® based on PHQ-9 total: none (0-4), mild (5-9), moderate (10-14),
moderate severe (15-19), severe (+20). In addition, individuals with PHQ-9 data collected at
both six and 12 months after injury were categorized with longitudinal PTD subtypes as
none (no PTD at 6 or 12 months), transient (PTD at 6 months only), late-onset (PTD at 12
months only), and persistent (PTD at 6 and 12 months).

Statistical Analysis

Data analysis was conducted using Statistical Analysis Software (version 9.4; SAS
Institute). Descriptive analyses included means and standard deviations and/or medians for
continuous and ordinal variables such as age, GCS, and education. Frequencies were
calculated for categorical variables such as sex and antidepressant use. Demographic and
relevant clinical information was assessed for relationships with cognitive impairment using
Student’s #tests or ANOVA to compare means. Non-parametric tests (Mann-Whitney and
Kruskal-Wallis) were employed when appropriate. Pearson’s or Spearman’s rho (r)
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correlations were used to assess relationships between two continuous variables.
Multivariate linear regression models were used to assess factors influencing cognitive
impairment or functional cognitive limitations. Target variables and covariates were entered
into the model and removed in a backwards step-wise fashion when p>0.2 to generate final
models.

Specific cohort demographics are shown in Table 2. Participants had a GCS (best in 24 hrs)
of 3-15 (mean GCS, 7.7 + 2.8, median=7). Participants were aged 16-72 (mean age
34.1+13.8 years) and 18.9% of participants were women. At 6 months post-injury, 38.3%
had PTD, while 30.3% had PTD at 12 months. Although not statistically significant, those
with PTD tended to have a higher mean age compared to those without PTD (p=0.061).
Participants with PTD at 12 months tended to have a higher GCS compared to those with no
PTD (p=0.057). Those with premorbid mood disorders had significantly higher PTD rates at
both 6 (27.9% versus 6.0%, p=0.002) and 12 months (31.4% versus 10.0%, p=0.006). At 6
months, 51% of participants with PTD were on antidepressants while only 26.1% of
participants with no PTD were on antidepressants (p=0.007). At 12 months, 40.0% of
participants with PTD were taking an antidepressant, compared to 25.0% of those with no
PTD (p=0.110). It is important to note that the percentage of individuals on antidepressants
did not differ by depression severity category (data not shown).

Cross-sectional associations with cognitive impairment

We examined cognitive composite total scores by both PTD and antidepressant use in order
to understand possible interactions with global cognitive impairment. Figure 1A shows
cognitive composite scores by PTD and antidepressant use at 6 and 12 months post-TBI.
Among participants with no PTD, those on antidepressants had significantly worse cognitive
impairment at 6 months (p=0.002) than those not on antidepressants, and scores were
significantly worse than both groups with PTD (no antidepressant use, p=0.033;
antidepressant use, p=0.036). There were no significant effects at 12 months. Of particular
importance, the relation between antidepressant use and cognition was not moderated by
severity of PTD (data not shown). This interaction between PTD and antidepressant use at 6
months tended to be associated with our cognitive composite score model after adjusting for
other covariates (Table 3), meeting criteria of p<0.2 to remain in the model, including, age,
GCS, and education. At 12 months, only age, GCS, and education were associated with
cognitive composites.

As these cognitive composite models suggested there were no effects of PTD on cognitive
impairment, post-hoc analysis of individual neuropsychological tests was conducted to
determine if there were underlying associations with specific cognitive testing components
(Supplementary Table 1). Both those with and those without PTD had comparable cognitive
performance at 6 months post-TBI. At 12 months, participants with PTD had higher T-
scores on the Rey immediate copy test (p=0.027) compared to participants with no PTD, but
no other significant associations were found at 12 months.
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Furthermore, a secondary analysis was conducted with linear regression models examined
for each individual neuropsychological test (Supplementary Table 2). As age, GCS,
premorbid mood disorders, and antidepressant use were associated with PTD, we examined
PTD associations after adjusting for these variables to determine if covariates differentially
predicted PTD association with individual cognitive domains. However, as age and
premorbid mood disorders were not consistent contributors to the models, they were
omitted. While PTD was not associated with individual neuropsychological tests,
antidepressant use was a consistent predictor. Antidepressant use was associated with worse
scores on the CVLT, DKEFS Category Total, Rey delayed copy, and COWA at 6 months
(p<0.05 all comparisons), and the Stroop Word, Trails A, and Trails B at 12 months (p<0.05
all comparisons). GCS was also a consistent predictor of impaired performance on multiple
neuropsychological tests.

Cross-sectional associations with functional cognition

Antidepressant use, PTD, and cognitive impairment effects on functional cognition were
then investigated. In Figure 1B, participants with no PTD who were also taking
antidepressants had worse FIM-Cog scores compared to participants with no PTD who were
not on antidepressants (6 months, p<0.0001; 12 months, p=0.008). In Table 4, multivariate
regression models predicting functional cognition were examined. At 6 months, race,
cognitive composites scores, and the interaction between PTD and antidepressant use
remained in the model. At 12 months, age, GCS, cognitive composites, and PTD predicted
functional cognition. There were no significant interactions at 12 months.

Post-hoc analyses of associations with individual FIM-Cog components are reported in
Supplementary Table 1. At 6 months, FIM-Memory was lower in participants with PTD
(p=0.029). At 12 months, FIM-Memory, FIM-Problem-Solving, and FIM-Social Interaction
were lower in participants with PTD (p<0.02 all comparisons).

Longitudinal PTD Associations with Cognition

PTD subtype was evaluated for associations with both cognitive impairment and functional
cognition for those with PHQ-9 data at both 6 and 12 months post-injury n=98) (Figure 2).
Individuals with late-onset of PTD had worse cognitive impairment at 12 months compared
to those with no PTD or persistent PTD (p=0.026), but this relationship was not evident at 6
months. Individuals who never experienced PTD had the highest FIM-Cog scores at 6 and
12 months, and these scores were significantly higher than those of all other groups at 12
months (p<0.01).

Discussion

In this study, we explored how cognition may be susceptible to effects of post-TBI
depression (PTD) and the additional potential relations among PTD, cognitive impairment
(as measured by standard neuropsychological testing), and functional cognition (as
measured by self-report, FIM-Cog), and antidepressant use. We found no compelling
evidence that cognitive impairment is associated with PTD, yet individuals with PTD had
significantly greater functional cognitive limitations than those without PTD. However,
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cognitive impairment was associated with antidepressant use. Specifically, individuals on
antidepressants performed worse on neuropsychological tests, even when correcting for
injury severity and PTD.

Multiple studies have suggested that individuals with PTD have worse cognition than
individuals without PTD?2:23.25-27 However, many of these studies examined raw
neuropsychological data and did not correct for individual demographic or clinical
differences in their populations (e.g. age, injury severity, medication use)?2:23, Thus, we
examined whether depressive symptoms were associated with differences in cognition, after
adjusting scores for age, education, sex, and race using normative data from healthy
populations. As age, sex, education, and race can all affect standard neuropsychological
evaluations, the previous literature may overestimate cognitive deficits in individuals with
PTD. Previous studies suggest older age as a contributing factor to PTD23, potentially
confounding cognitive associations.

Our study demonstrates that when neuropsychological test scores are corrected for
demographic factors, injury severity, and antidepressant use, PTD is not associated with
cognitive impairment when examined in a cross-sectional manner. The importance of these
covariates suggests the need for more Rehabilomics-based studies examining individual
differences (e.g. genetic differences) in PTD development and/or post-TBI cognitive
impairment, response to treatment (e.g. antidepressant medications, whether prescribed to
treat depression or to manage other post-TBI symptoms), and functional limitations resulting
from post-TBI changes and treatment side effects. Identifying early markers of susceptibility
to poor outcome and/or response to treatment could improve clinical management through
effective triage and efficient resource allocation.

Our null findings are not likely due to a lack of impairment as all participants, on average,
performed greater than one standard deviation below average on standard
neuropsychological assessments, and thus, were considered to have at least mild cognitive
impairments. However, the use of this brief battery of neuropsychological tests, and the
formulation of composite scores, tends to identify gross differences in impairment. A more
comprehensive neuropsychological test battery may provide a more detailed picture of
specific cognitive impairments and their discrete associations with depression. In addition,
nuanced cognitive testing, using distractors or increasing levels of difficulty may mirror
more clearly the demands of daily functioning and reveal cognitive differences associated
with PTD, even after correction for demographic factors. Future prospective studies are
needed to examine the effects of cognitive demand and cognitive control on cognition
performance in the setting of PTD.

While there were no associations between PTD and cognitive impairment from cross-
sectional analysis, there were significant associations between PTD subtype (longitudinal
analysis) and cognitive impairment. In this study, late-onset PTD was associated with worse
cognitive impairment. As a post-hoc exploration, this finding was surprising and requires
further study. Understanding the longitudinal relationship between PTD and cognitive
impairment and function will be especially important, given the evidence of spontaneous
recovery from PTD5L. Future studies using serial measures of depression and cognition,
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along with measures of environmental and life-related stressors, will likely provide the
temporal discrimination needed to understand these relationships.

While some studies demonstrate that individuals with depressive symptomatology following
TBI have increased functional cognitive limitations or complaints?®~2 other studies report
no relationshipZ4. We found no PTD-associated cognitive impairments, but did confirm a
significant impact of PTD on functional cognitive limitations. In the context of
Rehabilomics and using the ICF framework, we hypothesized that PTD would worsen
cognitive impairment. We instead found that impairments in cognition and mood (PTD) co-
occurred and independently influenced functional cognition. This finding suggests that
emotional issues (e.g. apathy, anxiety) can be present in individuals with PTD such that,
despite these individuals having comparatively similar cognitive impairment, they can still
report more functional limitations compared to those without PTD. Those with PTD may
have more difficulty compensating for cognitive impairment than their non-PTD
counterparts, and thus, require greater assistance with daily cognitive tasks. Alternatively,
those with PTD may be more aware of their cognitive deficits, and thus, their self-report of
daily functioning may be more accurate.

Of note, the FIM is a self-report measure of functional performance, capturing what
individuals report actually doing in their daily life, not what they are capable of performing.
Our findings suggest that those who develop PTD may have cognitive capacity comparable
to individuals without PTD, but as a result of depressive symptomatology, this capacity does
not translate into similar functional performance. Thus, our findings reflect a discrepancy
between cognitive ability and functional cognitive limitations among individuals with PTD.
Individuals with PTD have been previously reported to complain more of subjective
cognitive difficulties than those without PTD®2, suggesting that the relationship between
subjective cognitive complaints and neuropsychological measures is confounded by PTD
status. Therefore, those who complain of cognitive difficulties may be expected to perform
poorly on neuropsychological tests and exhibit greater testing anxiety. However, these
effects were likely minimal in our cohort, as participants who reported worse cognitive
functioning did not differ with regard to cognitive impairments.

More likely, PTD affects motivation, effort, or distractibility, each of which can exacerbate
functional cognitive limitations. Symptoms like apathy, insomnia, psychomotor agitation or
retardation, and fatigue are reported frequently after TBI and can influence cognitive
function?8:53, This overlapping symptomatology could greatly influence functional cognition
without manifesting in cognitive impairments. Importantly, these overlapping symptoms can
also make identification of PTD difficult, though the PHQ-9 can differentiate between
cognitive symptoms and PTD#8. One study suggested that functional performance
(measured with an ecologically valid test like the Multiple Errands Test) can differ for
individuals with pure cognitive impairments compared to those with suboptimal effort>#,
making this test a potentially useful tool in future studies. Identifying relationships among
mood, emotional/behavioral symptoms, and cognitive difficulties also may help delineate
unique risk profiles for those with PTD presenting with or without cognitive deficits.
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Severity of injury has not been associated consistently with development of PTD. Many
researchers support the hypothesis that PTD is due to increased awareness of deficits®>,
citing studies that show an increase in depressive symptoms in subjects with less severe
injuries?2:56 where there is likely a heightened awareness of TBI-related difficulties.
Individuals with an increased awareness of TBI-related deficits may have greater stress
related to their recovery process. This finding is consistent with a biological stress
depression model®7 for PTD. Our study adds some support to this hypothesis, as individuals
with PTD tended to have higher GCS scores even within this cohort of individuals with
severe TBI. Similar to previous studies?3, those with PTD tended to be older than their non-
PTD counterparts. Increasing age has consistently been found to be a risk factor for
depressive symptomatology, especially in the context of neurological disorders®S.

Antidepressant use was associated with cognitive impairment across cognitive domains and
also with increased functional cognitive limitations. For some measures, like CVLT-I1 scores
at 6 months, antidepressant use was associated with nearly a one standard deviation
difference in cognitive impairment. Notably, anti-depressants had variable associations with
neuropsychological tests. This phenomenon could be due to different etiology of PTD at 6 or
12 months or to changes in cognitive recovery. Also, it is unclear if study participants who
are not depressed, but are on antidepressants, were previously depressed or were being
treated for other common complications post-TBI, like sleep disturbances3? where
antidepressants like trazodone can be effective. We were not able to capture reasons for
antidepressant use, but it will be critical for future studies to evaluate antidepressants and
their use in TBI populations.

The relationship between antidepressant use and cognitive recovery after TBI is still unclear.
In a study of individuals with moderate to severe TBI, sertraline did not improve cognition
when administered early in recovery (first three months) and demonstrated a possible
negative effect (though this finding was not statistically significant). In animal models of
TBI, fluoxetine increased hippocampal neurogenesis without any improvement in
memory%9:61, While future studies will need to examine the relationship of depression
remittance to cognition in g priori designed studies, one study in a mild TBI population
suggested that antidepressant treatment, with remittance of depression, actually improves
cognition34. Although there is some additional support for this finding®2, other studies have
not reported similar improvement83. It is important to note that while antidepressant
treatment is clinically common for PTD, there is rather limited evidence regarding efficacy
with respect to remittance of depressive symptoms®4-66. Thus, if antidepressants
compromise cognitive recovery, this effect may contribute to the reduced efficacy of
antidepressants observed with PTD. Also, these initial findings suggest that understanding
antidepressant effects on cognition post-TBI may be an important consideration when
deciding if/when it is appropriate to prescribe antidepressants for individuals with PTD.

Functional cognition was influenced by multiple covariates in our study. At 6 months,
covariate effects were found for cognitive composite scores, in addition to a trend for
antidepressant use to be associated with greater functional limitations. As individuals on
antidepressants who are not depressed also experience greater cognitive impairment, it is not
clear if the functional cognition limitations experienced by these individuals are due to an

J Head Trauma Rehabil. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Failla et al.

Page 11

increase in their underlying cognitive impairment or to an independent interaction with
PTD*antidepressant use. At 12 months, there was no interaction, and antidepressant use was
no longer a significant predictor in the model. The differences in 6- and 12-month models
may reflect changing recovery patterns after TBI, but may also be influenced by sample size
differences. One caveat when interpreting functional cognition models is that individuals on
antidepressants or with reported depression receive an automatic reduction by one point on
the Social Interaction subscale of the FIM-Cog. Thus, the FIM-Cog total is expected to be
associated with antidepressant use by at least one point, yet we see differences greater than 1
point. At 6 months, it is difficult to assess the effect of antidepressant use alone on FIM-Cog,
due to its interactions with PTD. Also, at 6 months race is still a contributing factor, which
could be related to racial disparities in response to antidepressant use®’, though this
possibility cannot be evaluated in this study.

There are some important limitations to consider in this study. Our sample consists mostly of
individuals with severe TBI. Further investigation of our observations across TBI severities
is needed. This study suggests special considerations about antidepressant use following
TBI, but the implications of this finding are limited because it is not clear how
antidepressant use directly affects cognitive impairment or functioning post-TBI. Future
treatment studies may benefit from a study design that evaluates cognition before and after
antidepressant administration, in addition to documenting the reason(s) for antidepressant
administration. Furthermore, pre-morbid mood disorder status was collected by self-report;
future studies will need to evaluate how pre-morbid mood disorders influence post-TBI
recovery patterns as this study suggests important implications. Another limitation is that
our measure of functional cognition was self-report. It is important to recognize that there is
likely an association between self-awareness and capacity to report functional limitations
embedded in an individual’s responses to FIM items. As such, individuals with measured
impairments on neuropsychological testing may also have self-awareness deficits, thus
(inaccurately) reporting fewer functional limitations. Future studies that include self-
awareness measures and caregiver report of functional limitations may help disentangle this
issue.

This study suggests that, while functional cognition is greatly affected by PTD, a number of
other factors must be considered in understanding the relationship of PTD to outcome in
individual cases. In fact, this work suggests that there are important interactions among
pharmacological treatment, cognitive impairment, and depressive symptoms that can affect
functional cognition in dynamic ways. Understanding the timing of these interactions will be
important for future studies designed to modify current treatment approaches with
antidepressants post-TBI. Within the Rehabilomics framework; it is also important to
consider biological or genetic effects that could be associated with PTD development,
antidepressant use, or functional recovery. It will be important to examine how biomarkers
(inflammation®8, neurotrophins®) or genetics (serotonin transporter’%:71 and related
genes’2) that have previously shown relationships to PTD might influence PTD-cognition
interactions. In addition, multicenter data collection in TBI, such as in the TBI Model
Systems’3, may allow evaluation of relationships between PTD and cognition using
additional instruments like the Brief Test of Adult Cognition by Telephone’# (a common
data element’®) in order to examine relationships between cognition and depression post-
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TBI across instruments and in larger sample sizes. Incorporating personal factors,
complications, and other individual difference variables in designing personalized treatment
algorithms across large datasets will likely lead to more effective depression treatment
following TBI. Finally, assessing functional cognition through ecologically valid
performance-based measures such as the Multiple Errands Test’6-78 rather than self- or
caregiver-report may reveal whether the observations reported here are related to functional
cognitive limitations or are merely an artifact of self-reporting in the context of cognitive
impairment and PTD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Cognitive composite scores (T score on y-axis) are shown in groups of participants

based on PTD and antidepressant use at 6 and 12 months post-injury. At 6 months,
participants with no PTD, but who are on antidepressants perform worse on cognitive
composite measures, compared to all other groups (**compared to no PTD, no
antidepressant use, p=0.002, compared to PTD, no antidepressant use, p=0.033, compared to
PTD, antidepressant use, p=0.036). At 12 months, within participants with no PTD,
antidepressant use was associated with poorer scores on the overall composite (*p=0.027).
(B) Functional cognition scores (mean score on y-axis) are shown in groups of participants
based on PTD and antidepressant use at 6 and 12 months post-injury. At 6 and 12 months,
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participants with no PTD, but who are on antidepressant, have lower functional cognition
compared to no PTD, no antidepressant use (*p<0.0001, **p=0.008).
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Figure 2.
(A) Cognitive composite scores (mean T score on y-axis) at 6 and 12 months are shown

based on PTD subtypes. At 12 months, participants with late-onset PTD, had significantly
worse overall cognitive composite scores compared to those with no PTD (*p=0.026) and
persistent PTD (*p=0.026). (B) Functional cognition scores (mean score on y-axis) at 6 and
12 months are shown based on PTD subtypes. At 6 months, participants who never
experienced any PTD had significantly higher scores compared to those with late-onset PTD
(*p=0.035). At 12 months, participants who never experienced any PTD had significantly
higher scores compared to those with any PTD subtype (*p<0.01 for all comparisons).
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Table 1

Antidepressant categories and distribution within population.

Type Generic 6 months 12 months
Selective Serotonin Reuptake Inhibitors (SSRI) Fluoxetine 1 3
Citalopram 7
Sertraline 3 4
Escitalopram 15 9
Paroxetine 3 2
Serotonin Antagonist and Reuptake Inhibitor (SARI) Trazodone 4 3
Serotonin-Norepinephrine Reuptake Inhibitors (SNRI) Duloxetine 1* 4*
Venlafaxine 6 2
Norepinephrine —-Dopamine Reuptake Inhibitors (NDRI) Bupropion 1** 1
Noradrenergic and Specific Serotonergic Antidepressant (NaSSA)  Mirtazapine 1 1
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Linear regression models for overall cognitive composites at 6 and 12 months post-injury.

Table 3

Variable Beta Standard Error tvalue pvalue
6 Months
Age —-0.09871 0.05415 -1.82 00716
GCS 0.73400 0.25554 2.87 0.0051
Education 0.75151 0.36925 2.04 0.0448
PTD -1.20868 1.89645 -0.64  0.5255
Antidepressant Use -5.85912 2.08453 -2.81 0.0061
PTD*Antidepressant Use ~ 5.05606 3.06514 1.65 0.1025
12 months
Age -0.14271 0.06421 -2.22  0.0297
GCS 0.93176 0.31603 2.95 0.0044
Education 0.95049 0.51361 1.85 0.0688

GCS, Glasgow Coma Scale; PTD, Post-traumatic brain injury depression
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Linear regression models for functional cognition (FIM-Cog Total) at 6 and 12 months post-injury.

Table 4

Variable Beta Standard Error tvalue pvalue
6 Months
Race 1.25500 0.49164 2.55 0.0123
Cognitive Composite 0.25148 0.03707 6.78 <0.0001
PTD -1.30494 0.72604 -1.80 0.0755
Antidepressant Use -1.97104 0.83523 -2.36 0.0204
PTD*Antidepressant Use ~ 1.80275 1.18158 1.53 0.1305
12 months
Age —0.05916 0.02740 -2.16 0.0348
GCS 0.23572 0.13792 171 0.0925
Cognitive Composite 0.29447 0.04607 6.39 <0.0001
PTD -1.03001 0.73845 -1.39 0.1681

GCS, Glasgow Coma Scale; PTD, Post-traumatic brain injury depression
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