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The Temporal Relationship of Mental Health Problems
and Functional Limitations following mTBI:
A TRACK-TBI and TED Study

Evan Zahniser, Lindsay D. Nelson,* Sureyya S. Dikmen,? Joan E. Machamer? Murray B. Stein > Esther Yuh,”
Geoffrey T. Manley? and Nancy R. Temkin;'® the TRACK-TBI Investigators”

Abstract

Mental health problems, such as depression and anxiety, are often associated with functional limitations after traumatic
brain injury (TBI), prompting researchers to explore which of these TBI-related sequelae tends to precede the other. Past
studies among patients with injuries ranging in severity have predominantly reported that functional impairments predict
subsequent psychological concerns, rather than the other way around; however, it remains unclear whether this direc-
tionality holds for individuals with mild TBI (mTBI). The present study utilized a cross-lagged panel design within a
structural equation modeling analytical framework to explore the longitudinal relationships of symptoms of depression
and anxiety to functional status among 717 adult mTBI patients, with assessments occurring at 2 weeks and 3 months post-
injury. Symptoms of both depression and anxiety significantly predicted subsequent functional limitations (As=—-0.21 and
—0.25), whereas the reverse effects were nonsignificant (4s=-0.05 and —0.03); thus, psychological concerns appeared to
function as a precursor to functional impairment. This pattern was particularly pronounced among patients with normal
head computed tomography (CT) results; however, results were less clear cut among those subjects whose injuries were
accompanied by intracranial abnormalities detected on CT imaging, suggesting the possibility of a more reciprocal
relationship in the case of CT-positive mTBI. These results may serve to partially explain the incidence of persistent
functional limitations observed among subsets of mTBI patients in past studies. Findings likewise highlight the importance
of assessment and treatment for mental health problems after mTBI as an important factor to promote psychological well-
being and functional recovery.

Keywords: brain injuries; mental health; patient outcome assessment; traumatic

Introduction

RAUMATIC BRAIN INJURY (TBI) is a widespread cause of

death and disability in the United States, with recent estimates
of incidence as high as 2.8 million cases per year.' In addition to
physical and cognitive complaints,> elevated rates of mental
health problems, such as depression and anxiety, are also observed
in the aftermath of TBL* These psychological difficulties are
associated with poor functional status after TBLS‘9 which has led
researchers to explore the question of whether mental health
problems operate as a cause or a consequence of functional limi-
tations in the context of recovery from brain injury. On the one
hand, depression and anxiety could certainly be expected to arise in
reaction to the experience of functional deficits post-injury. At the

same time, it seems feasible that depression and anxiety might also
negatively impact functioning (or reported functioning) among
survivors of TBI. Thus, a small number of studies have set out to
evaluate the directionality of this association—or, in other words,
to answer the question: Which comes first?

In attempting to address this topic, a useful methodological
approach is cross-lagged panel analysis, a statistical technique that
is used to infer causal relationships among variables measured at
multiple time points without direct experimental intervention.'®
Through this approach, reciprocal predictive impacts of two vari-
ables on one another over time (in this case, mental health problems
and functional status) can be evaluated and directly compared
against each other in order to determine which appears to be the
more causal factor. To date, we are aware of three studies that have
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explored the directionality of the relationship between psycholog-
ical difficulties and functional limitations after TBI. One study
implemented a cross-lagged panel design and found that functional
limitations appeared to precede depressive symptomology, but not
the other way around''; a second study also utilized this analytical
approach and found similar results for the association of functional
status to both depression and anxiety.'> A more recent, large-scale
research effort drawn from the TBI Model Systems national study
found evidence for a similar pattern utilizing a latent variable
structural equation modeling approach to reflect the constructs of
functional status and mental health, although effect-size consider-
ations led the researchers to conclude that the relationship is likely
at least somewhat reciprocal. 13

Importantly, all of these studies to date have explored the di-
rectionality of this relationship among populations either including
a range of complicated mild-to-severe TBIs'""'? or exclusively
comprising patients with moderate-to-severe brain injuries.'* Thus,
it remains unclear whether mental health problems and functional
status exhibit a similar relationship in the aftermath of mild TBI
(mTBI), and particularly for those with mTBIs without intracranial
abnormalities as determined by computed tomography (CT) scan
(sometimes termed ‘‘uncomplicated”” mTBI). Recovery post-
mTBI has been a topic of some controversy, as researchers studying
hospital-based patient samples have frequently identified sizable
minorities of mTBI patients who evidence persistent post-traumatic
symptoms'*!> or functional limitations'®'” that are difficult to
explain given the absence of structural brain injury on standard
clinical neuroimaging. Some studies cite psychological difficulties
as potential causal factors for the persistence of injury-related
complaints post-mTBI'®2°; thus, it is particularly important to
clarify the temporal direction of the relationship between functional
status and mental health problems among this population.

The present study sought to address this area in need of further
study, utilizing a cross-lagged panel framework to accomplish three
main goals: 1) to assess the predictive impact of functional status
at 2 weeks post-mTBI on symptoms of depression and anxiety at
3 months post-injury; 2) to evaluate the predictive effects of de-
pression and anxiety symptoms on functional status over the same
interval; and 3) to compare the strength of these reciprocal pre-
dictive impacts over time to determine whether functional status or
mental health problems appear to precede the other in the aftermath
of mTBI.

Methods
Subjects and study design

Participants included a subset of the larger subject pool enrolled
in the Transforming Research and Clinical Knowledge in Trau-
matic Brain Injury (TRACK-TBI) study, a large-scale longitudinal,
observational, multi-center research effort evaluating recovery and
outcomes associated with closed-head TBIs of all severities (http://
tracktbi.ucsf.edu/; complete details of study inclusion and exclu-
sion criteria can be found in Supplemental Materials [see online
supplementary material at http://www.liebertpub.com] accompa-
nying the online publication of this report). The present study in-
cluded patients seen at the emergency department (ED) across 10 of
11 study sites between March 2014 and May 2016. (Participants
from one study site were excluded from this report following the
TRACK-TBI Data Acquisition and Quality Committee’s assess-
ment that the GOSE was not administered according to standard
study procedures.) Included subjects for this report were partici-
pants with a Glasgow Coma Scale (GCS) score of 13-15 upon
admission to the ED, for whom a clinical head CT scan was ob-
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tained, and for whom complete data were collected for all study
measures at the scheduled 2-week and 3-month follow-up points.
Participant selection and inclusion criteria are represented in
STROBE diagram format in Figure 1. This resulted in a final
sample of 717 adults (mean age [M,g.]=39.97 [standard deviation
{SD}=16.77; range = 17-88]; 34.6% female; 74.5% white, 25.1%
racial minority, 0.4% did not identify racial background).
Comparisons between the final sample and those potential par-
ticipants not selected for inclusion (per the criteria described above)
demonstrated no significant group differences between included
and excluded subjects in terms of age, sex, racial background, CT
findings (i.e., positive or negative), presence or absence of a pre-
morbid psychiatric diagnosis, or average ED-admission GCS score
(all ps>0.088). As such, the subjects included in this study are
thought to be largely representative of the overall TRACK-TBI
study’s participant pool. The great majority (79.4%) of included
participants had ED-admission GCS scores of 15, and most (70.4%)
evidenced negative CT findings (i.e., results not indicative of in-
tracranial abnormalities). Thus, this report’s sample was primarily
composed of patients who had sustained mTBIs unaccompanied by
intracranial abnormalities on CT. Nearly one quarter (23.2%) of
participants reported a psychiatric history (i.e., the presence of at
least one pre-injury psychiatric diagnosis); as such, and given this
variable’s demonstrated role in predicting post-mTBI symptoms,

TRACK — CER Cohort:

(all TBIs)
1352
> GCS <13:197
> *GOSE validity
concerns: 108
N Missing covariate
measures: 37
| Missing primary study
measures: 293
A4
Met Criteria:
717

FIG. 1. Participant inclusion STROBE flow diagram. *Note:
Participants from one study site were excluded from this report
because of concerns specific to that site that the GOSE was not
administered according to study procedures. GCS, Glasgow Coma
Scale; GOSE, Glasgow Outcome Scale-Extended;
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psychiatric history was included as a covariate in our statistical
analyses as described below.

Measures

Depression and anxiety. These domains of psychological
dysfunction were assessed by the Brief Symptom Inventory (BSI)
18-item version (BSI-18),' an abbreviated adaptation of the orig-
inal BSI.?* This measure includes subscales representing depression,
anxiety, and somatization, of which the former two (henceforth
“BSI-depression” and ‘“BSI-anxiety’”) were utilized here. BSI-18
scores included for the present study were standardized T-scores
derived from normative data for this measure,?' facilitating a de-
scriptive evaluation of depression and anxiety symptom levels within
this sample of mTBI patients as compared with symptom levels
typically observed among the general population.

Functional status. The GOSE,* a widely used measure of
global outcome after TBI, was administered to study participants to
assess their functional status at both time points post-injury. This
measure provides a classification of an individual’s functional
status on an 8-point scale ranging from 1 (‘‘dead”) to 8 (“‘upper
good recovery’’). The GOSE can be administered so as to assess
functional limitations attributed to TBI alone (GOSE-TBI) or at-
tributed to the TBI plus other system injuries sustained in the same
event (GOSE-all). In order to isolate the specific context of re-
covery after mTBI, the GOSE-TBI score was utilized to represent
functional status for the present study.

Statistical analysis

Cross-lagged panel analyses were conducted using a structural
equation modeling (SEM) framework®* via the LISREL software
package (version 8.80; Scientific Software International, Inc.,
Chicago, IL).® SEM was chosen over the alternative approach
utilizing a series of standard multiple regressions to allow for sta-
tistical comparisons between cross-variable predictive impacts
over time. Two separate models were specified, one each to test the
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reciprocal predictive impacts of 1) depressive symptoms and
functional status and 2) symptoms of anxiety and functional status.
All parameters were estimated by maximum likelihood estimation.

The first of these models (model 1, represented in Fig. 2) was
structured such that independent variables included GOSE-TBI and
BSI-depression scores at 2 weeks post-injury, dependent variables
included the same measures at 3-month follow-up, and the longi-
tudinal predictive effects of both independent variables on both
dependent variables were evaluated. Additionally, as is customary
in cross-lagged panel analysis,'®** cross-sectional associations
between variables (i.e., between GOSE-TBI and BSI-depression
scores at 2-week follow-up and between the same at 3-month
follow-up) were also evaluated. Because SEM approaches do not
permit the specification of dependent variables to correlate directly,
the error (“‘disturbance’’) terms for the GOSE-TBI and BSI-
depression subscale at 3 months post-injury were specified to
correlate instead, as in other cross-lagged panel models tested via
SEM.'*!? Covariates, including age, sex, CT findings (negative or
positive), and the presence or absence of a premorbid psychiatric
diagnosis, were also included in this model as predictors of GOSE-
TBI and BSI-depression scores at 3 months and correlated with
these variables at 2-week follow-up. (Of note, the inclusion of pre-
injury psychiatric history allowed for the evaluation of the pre-
dictive relationships among symptoms of depression and anxiety
and functional status above and beyond any impacts of possessing a
pre-morbid psychiatric diagnosis. Preliminary runs of these models
without pre-injury psychiatric history as a covariate yielded highly
similar results.) A second model was tested that was identical to the
first, except with BSI-anxiety scores substituted in place of the BSI-
depression subscale (model 2; see Fig. 3).

Of particular interest in each model were the cross-variable
longitudinal effects—that is, those that reflected the predictive
impacts of symptoms of depression or anxiety on functional status
over time and those that represented the reverse impacts. A com-
mon approach for comparing the strength of distinct predictive
effects (‘“‘paths’”) in SEM is to estimate a model wherein the paths
of interest are specified to be equal in strength, with the overall fit of
this equality-constrained model then compared to the fit of the

*
BSI-dep 0.56 > BSI-dep
(2 weeks) (3 months)
-0.05
-0.27* < -0.23%
el 021
0.43%*
GOSE-TBI - GOSE-TBI
(2 weeks) ” (3 months)

FIG. 2. Cross-lagged panel analysis model for depression and functional status (model 1). Note: ‘“BSI-dep” =BSI depression sub-
scale. ““‘d”’ represents the unique error (‘‘disturbance’’) term corresponding to its respective dependent variable. Curved lines represent
correlations; straight lines represent predictive paths. Correlation and standardized path coefficients are displayed. Statistically sig-
nificant effects are presented in solid lines; dashed lines indicate nonsignificant effects. Age, sex, computed tomography findings, and
psychiatric history were also included in the model as covariates, but, for clarity purposes, are not pictured here. *p <0.001. BSI, Brief

Symptom Inventory.
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*
BSI-anx 0.60 > BSI-anx
(2 weeks) (3 months)
-0.03 >
-0.32% P -0.24%
R -0.25%

0.41%*

GOSE-TBI > GOSE-TBI

(2 weeks) (3 months)

FIG. 3. Cross-lagged panel analysis model for anxiety and functional status (model 2). Note: “BSI-anx’’ =BSI anxiety subscale, ‘‘d”
represents the unique error (“‘disturbance’’) term corresponding to its respective dependent variable. Curved lines represent correlations;
straight lines represent predictive paths. Correlation and standardized path coefficients are displayed. Statistically significant effects are
presented in solid lines; dashed lines indicate nonsignificant effects. Age, sex, computed tomography findings, and psychiatric history
were also included in the model as covariates, but, for clarity purposes, are not pictured here. *p <0.001. BSI, Brief Symptom Inventory.

original model in which the relevant paths were permitted to vary
freely. This methodology was used in a previous study evaluating
the association between psychological symptoms and functional
limitations among moderately to severely brain-injured patients,
with findings demonstrating that the impact of functional limita-
tions on depression and anxiety over time was significantly stronger
than the reverse predictive effect.'?

However, as statistical methods researchers have pointed out,?$
this approach can be problematic when the variables of interest are
measured by differing scales, as is the case for the GOSE and BSI.
In short, this presents an issue because it results in comparisons
between effects that are represented in disparate units of variance, a
form of false comparison that can lead to untrustworthy results.?®
Therefore, instead of utilizing overall model fit comparisons that
could be subject to this confounding effect, direct comparisons
were made between paths of interest using phantom variable non-
linear constraints.?”*® This approach allowed for the evaluation of
an additional (“‘phantom’’) parameter specified to reflect the dif-
ference between standardized path coefficients (i.e., effects defined
in shared standardized units) corresponding to the cross-variable
paths of interest. Tests of these additional parameters were such
that a model returning a statistically significant ‘‘phantom” pa-
rameter would indicate that the two paths of interest differed sig-
nificantly from one another in strength, whereas a nonsignificant
additional parameter would indicate that the two effects were not
significantly different from one another. For the two cross-lagged
panel models evaluated, this approach was used to compare the
reciprocal predictive effects of depressive symptoms and func-
tional status over time (model 1) and those of symptoms of anxiety
and functional status over time (model 2).

To facilitate the use of SEM in evaluating the models described
above, the GOSE-TBI was treated as a continuous variable to
parallel the interval-scale BSI-depression and BSI-anxiety scores.
This is consistent with previous cross-lagged panel analysis studies
of functional status and psychological concerns, which have
specified continuous variables so as to evaluate linear predictive
effects over time.'"!3 Nonetheless, because it was uncertain how
specitying GOSE-TBI scores as a continuous indicator might affect
results, sensitivity analyses were conducted wherein the models

above were tested with GOSE-TBI scores dichotomized at cut-
points of 7 or below and 6 or below representing poor outcome.
Results for models specified with each of these dichotomization
points were then compared with those of the primary study models
described above in order to establish the extent to which evaluating
GOSE-TBI scores as a continuous variable might affect findings.

Results

Descriptive statistics and inter-correlations for study variables at
both time points are presented in Table 1. A sizable minority of
subjects reported depression and anxiety symptom levels above the
clinical cut-off score recommended by the BSI manual (i.e., T-scores
>63)*" at 2-week follow-up (20.8% for both depression and anxiety)
and at 3-month follow-up (15.6% and 15.3% for depression and
anxiety, respectively). Approximately one fourth (24.8%) of
subjects reported ‘‘upper good recovery’’ (i.e., GOSE-TBI=8) at
2-week follow-up; this proportion increased to 41.7% at 3 months
post-injury.

Cross-lagged panel analyses

Correlation and standardized path coefficients for model 1, re-
presenting the cross-lagged predictive impacts of depressive
symptoms and functional status, are presented in Figure 2. De-
pressive symptoms and functional status were cross-sectionally
correlated with one another at both 2-week and 3-month follow-
ups. Depressive symptoms at 3 months were significantly predicted
by symptoms depression at 2 weeks, as was 3-month report of
functional status significantly predicted by functional status at 2
weeks. Depressive symptoms at 2-week follow-up also signifi-
cantly predicted functional status at 3 months, such that greater
report of depression predicted poorer functional outcome over time.
However, the reverse relationship was not statistically significant
(i.e., functional status at 2 weeks did not predict depressive
symptom levels at 3-month follow-up). Further, phantom variable-
based comparison of these two effects indicated that the effect of
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TABLE 1. DESCRIPTIVE STATISTICS AND INTERCORRELATIONS FOR STUDY VARIABLES

Variable M SD 1 2 3 4 5 6

1. BSI-depression (2 weeks) 52.06 10.50 —

2. BSI-anxiety (2 weeks) 52.30 11.74 0.71* —

3. GOSE-TBI (2 weeks) 6.30 1.37 —0.27* —0.32%* —

4. BSI-depression (3 months) 50.30 10.65 0.56%* 0.47* -0.21* —

5. BSI-anxiety (3 months) 49.11 11.37 0.51% 0.61* -0.21% 0.74% —

6. GOSE-TBI (3 months) 6.95 1.11 —0.32%* —0.38* 0.50* —0.45%* —0.48%* —

#p<0.001.

BSI, Brief Symptom Inventory; GOSE, Glasgow Outcome Scale-Extended; TBI, traumatic brain injury; M, mean; SD, standard deviation.

depressive symptoms on functional status over time was signifi-
cantly stronger than that of functional status on subsequent de-
pressive symptoms (z-statistic=—3.08; p<0.001). Sensitivity
analyses demonstrated that these results were quite consistent
whether the GOSE-TBI was treated as a continuous variable or
dichotomized at either 7 or below or 6 or below as a proxy for poor
outcome.

Coefficients for model 2, representing the cross-lagged predic-
tive impacts of symptoms of anxiety and functional status, are
presented in Figure 3. Results of this model were very similar to
those of model 1. Symptoms of anxiety and functional status were
significantly correlated with one another at both 2-week and
3-month follow-ups, and each variable was significantly predictive
of itself over time. Anxiety symptom levels at 2 weeks significantly
predicted functional status at 3-month follow-up, such that greater
report of anxiety symptoms predicted poorer functional outcome
over time. The reverse relationship was once again nonsignificant,
such that functional status at 2-week follow-up did not predict
subsequent anxiety symptom levels. Comparison of these two ef-
fects indicated that the effect of anxiety symptoms on functional
status over time was significantly stronger than that of functional
status on subsequent anxiety (z-statistic=—4.46; p<0.001). Once
again, sensitivity analyses demonstrated that these results were
quite consistent whether the GOSE-TBI was treated as a continuous
variable or dichotomized at either cutpoint.

Finally, these same models were tested separately for partici-
pants with negative CT results versus those for whom CT scans
demonstrated evidence of intracranial abnormalities. Results for
the former group (n=505) were very similar to those of the
sample overall: Symptoms of both depression and anxiety sig-
nificantly predicted functional status over time (4s=-0.23 and
—0.29; ps<0.001), whereas the reverse effects were not statisti-
cally significant (As=—0.03 and —0.02; ps=0.477 and 0.561).
Likewise, the predictive effects of depression and anxiety
symptoms on functional status were significantly stronger than
their corresponding reverse effects (z-statistics =—3.45 and —4.44;
ps<0.001).

Conversely, for subjects who had sustained mTBIs with intra-
cranial abnormalities on CT (n=212), results were somewhat less
clear. For the cross-lagged reciprocal effects of depressive symp-
toms and functional status among the CT-positive mTBI group, it
was once again found that symptoms of depression predicted
functional limitations over time (41=-0.15; p=0.016), whereas
functional status did not significantly predict depressive symptoms
(A=-0.11; p=0.087). However, these cross-lagged predictive
effects did not differ significantly from one another in strength (z-
statistic=—0.46; p=0.644). Thus, the predictive effect of depres-
sive symptoms on functional status over time was not significantly
stronger than the reverse effect.

Similarly, for the cross-lagged predictive effects of anxiety
symptoms and functional status among the CT-positive mTBI
group, anxiety symptoms were significantly predictive of func-
tional limitations over time (A=-0.17; p=0.004), whereas func-
tional status did not significantly predict anxiety symptom levels
(2=-0.04; p=0.481). However, these cross-lagged predictive ef-
fects once again did not differ significantly in strength (z-
statistic =—1.40; p=0.161). This indicated that the predictive effect
of anxiety symptoms on functional limitations was not significantly
stronger than the reverse longitudinal effect. (Conceptual figures
featuring coefficients for study models separated by CT status can
be found in Supplementary Materials accompanying the online
publication version of this report, noted as Figs. S1-S4.) (See online
supplementary material at http://www.liebertpub.com)

Discussion

In this study exploring the temporal directionality of the docu-
mented link between mental health problems and functional limi-
tations after mTBI in adult patients, cross-lagged panel analysis
models indicated that symptoms of depression and anxiety appear
to precede functional impairments post-mTBI, and not the other
way around. This pattern was particularly pronounced for patients
who had suffered mTBIs without intracranial abnormalities iden-
tified by CT scan, whereas findings for subjects with CT-positive
mTBIs were somewhat less clear cut. Implications of these findings
for TBI research and treatment are discussed in the following
sections.

Depression and anxiety symptoms predict functional
limitations after mild traumatic brain injury

Past research has largely reported that for those with more
severe brain injuries, functional limitations post-TBI appear to
predict subsequent psychological difficulties, and not the other way
around.''™" The present results are particularly interesting in the
context of these past studies, given that the post-injury mental
health problems reported by our participants were significantly
predictive of subsequent functional limitations, whereas functional
status did not predict the same psychological concerns over time.
This pattern held true for models evaluating the relationships of
both depression and anxiety symptoms to functional status, offering
consistent and clear support for the directionality of these effects.
Overall, these results suggest that the temporal relationship of de-
pression and anxiety symptoms to functional impairments may
operate in the opposite direction for patients with mTBIs as com-
pared with those who have sustained more-severe injuries.

This pattern was especially prominent for patients with CT-
negative mTBIs, who comprised the large majority (70.4%) of
patients included in the present study. However, when those with
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CT-positive mTBIs were analyzed separately, results among this
latter subset of participants were less straightforward, such that the
reciprocal predictive effects of mental health problems and func-
tional status were not significantly different from one another. In
the case of depressive symptoms and functional status, this finding
was accompanied by standardized coefficients that were quite
similar to one another in magnitude (Zs=-0.15 and —0.11). This is
suggestive of a longitudinal relationship between these sequelae of
brain injury that may be at least somewhat reciprocal for those with
CT-positive mTBIs, in contrast to the apparently unidirectional
nature of this association after CT-negative mTBI.

However, although the reciprocal effects of anxiety symptoms
and functional limitations also did not differ from one another in
statistical terms, the standardized coefficients for these paths ap-
peared much more different from one another (1s=-0.17 and
—0.04). This suggests that the lack of statistical differentiation in
this case may have occurred because of limited statistical power
resulting from smaller sample size (n =212 for CT-positive mTBI),
rather than truly bidirectional effects. Still, these findings offer
potential evidence of a trend wherein those with CT-positive
mTBIs may “‘bridge” the gap between observations made among
those with moderate-to-severe brain injuries and the findings of the
present study for patients with mTBIs without intracranial abnor-
malities identified by CT. Future research including larger samples
of patients with CT-positive mTBIs is needed to further explore this
possibility.

The findings reported here also offer important insights into the
trajectory of functional recovery after mTBI, which has been a
subject of some controversy in the literature. In particular, studies
have repeatedly identified subsets of mTBI patients who report
persistent functional impairment after their injury,'®!” a phenom-
enon that is difficult to explain given the absence of documented
structural brain injury or lasting neuropsychological deficits. Our
findings—which indicate that functional limitations after mTBI
may occur subsequent to mental health problems such as depres-
sion and anxiety—suggest a partial explanation for the persistent
functional impairments experienced by a minority of the patients
assessed in other studies. As such, results described here are con-
sistent with other accounts of recovery post-mTBI, which have
often implicated psychological problems as a causal factor in report
of other injury-related complaints.'®° Of note, these effects of
depression and anxiety symptoms on functional status after mTBI
were significant even accounting for pre-morbid psychiatric his-
tory, which was included as a covariate. Thus, our findings indicate
that mental health problems arising after injury appear to exert a
unique impact on subsequent functional limitations above and be-
yond an individual’s pre-injury psychiatric history.

Importantly, we recognize that the effects of symptoms of de-
pression and anxiety on subsequent functional limitations, although
significant, were nonetheless in the relatively small range. Thus,
mental health problems such as depression and anxiety should not
be interpreted as fully explaining the path by which functional
deficits occur after mTBI. Rather, these findings suggest that
mental health problems occurring post-mTBI are noteworthy
contributors to the larger picture of personal and injury-related
factors that may influence post-injury functional deficits.

Implications for treatment and recovery

The potential for mental health problems to limit functional
status after mTBI is an important consideration related to functional
recovery post-injury, given that such concerns are quite frequently
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observed in survivors of TBL*” Depression is a particularly
common concern post-brain injury, with studies estimating that
rates of major depressive disorder may be as high as 42% after
TBIL.? Likewise, research has identified anxiety disorders as
commonly occurring psychiatric diagnoses after brain injury.®

These psychological difficulties certainly constitute an impor-
tant treatment target for providers working with brain injury pa-
tients, given that relief from symptoms of depression and anxiety is
a worthwhile treatment goal in and of itself. In addition, the findings
of the present study suggest that an added benefit of effective
treatment for these concerns in the aftermath of mTBI may be that
improvements in psychological functioning could also contribute
to improvements in functional status, enabling individuals who
have sustained mTBIs to continue to recover their day-to-day
functioning across life domains. Thus, one very important way in
which healthcare providers can help their mTBI patients is by
providing referrals and other resources to aid patients in finding the
treatment they need to manage mental health problems such as
depression and anxiety as they arise after injury. This necessitates
the implementation of effective and regular assessment for these
psychological difficulties, given that providers will only be able to
offer appropriate support in finding treatment to the extent that they
are aware that mental health problems exist. However, substantial
gaps in care currently remain, with a majority of mTBI patients
failing to receive appropriate medical follow-up wherein such as-
sessments might occur.’® As such, a key implication of the present
study is the supreme importance of routine follow-up to ensure
assessment and treatment for mental health problems in promoting
recovery after mild brain injury.

Limitations of the present study

Several limitations to the present study merit consideration. First
is the specification of the GOSE-TBI as a continuous variable, a
decision that was made to facilitate the use of this measure of
functional status in conjunction with other continuous variables
within a structural equation modeling framework. Although this
approach was consistent with past studies of psychological prob-
lems and functional status post-TBL'"“'? it is nonetheless worth
noting that utilizing the measure in this way makes assumptions
about equal intervals between GOSE-TBI scores that may or may
not be appropriate. As noted above, we included a series of sensi-
tivity analyses evaluating two separate GOSE dichotomization
cutpoints to partially address this concern. Nonetheless, future
work to incorporate the ordinal nature of GOSE score data will
offer additional support for our findings.

Additionally, although the large sample size represents a notable
strength of this study, TRACK-TBI is not an epidemiological study
and thus the sample assessed here should not be viewed as neces-
sarily representative of the larger population of those with mTBIs in
the United States. The TRACK-TBI study enrolls subjects pre-
senting to EDs at level 1 trauma centers. Thus, our findings may not
be generalizable to patients who do not warrant ED assessment at
a high-level trauma center or receive less intensive care in other
medical settings (or no medical care at all). Replication of the
present study’s methods among more representative samples of
those with mTBIs—and particularly including those patients who
are likely under-represented among the TRACK-TBI sample—is
needed to further support the generalizability of the findings re-
ported here.

Further, we note a few potential confounds that may have
influenced our results. First, although we included pre-morbid
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psychiatric diagnosis as a covariate in our models, the measure of
premorbid psychiatric functioning (i.e., presence or absence of a
non-specific pre-injury diagnosis) included in this study is some-
what limiting. Future studies exploring the directionality of the
relationships assessed here would be well advised to collect specific
information regarding premorbid symptoms of depression and
anxiety and, ideally, utilizing dimensional measures of these con-
structs rather than merely assessing their presence or absence.
Additionally, other possible confounding variables (e.g., the se-
verity of post-traumatic symptoms, pain, and/or fatigue post-injury)
were not included in our models and thus could be influencing our
results in unknown ways. Further research that accounts for these
factors is needed in order to isolate the associations of depression
and anxiety to functional status post-mTBI in the context of these
other common post-injury factors.

Finally, it is worth noting that this study does not include mea-
sures of symptom and/or performance validity, a limitation inherent
to the larger TRACK-TBI study (which does not feature such
measures within its protocol). As such, we were unable to assess for
the possibility of invalid reporting with regard to functional status
and psychological concerns as reported by the present study’s
subjects. Given that validity concerns can be prevalent among
patients who have sustained TBIs,?" it will be important for future
research to address questions of performance validity in im-
plementing further study of functional status and mental health
problems following traumatic brain injury.

Conclusions and Future Directions

Despite the limitations noted above, this report offers a sub-
stantial contribution to scientific understanding of psychological
and functional sequelae of mTBI. In contrast to findings reported in
the literature for patients with brain injuries ranging in severity
from complicated mild to severe, our results suggest that functional
impairments may often follow mental health concerns that are
frequently observed in the aftermath of mTBI. Notably, this pattern
appears to be most prominent for those with mTBIs that do not
feature intracranial abnormalities as determined by CT. Findings
underscore the importance both of routine follow-up to monitor
psychological well-being and of treatment for concerns such as
depression and anxiety in order to facilitate recovery after CT-
negative mild brain injury.

As we consider directions for future research to build on these
findings, one important avenue is the exploration of how post-
traumatic symptoms may relate to the other sequelae of mTBI dis-
cussed here. Just as past studies have identified minorities of subjects
who experience persistent functional limitations after mild brain
injury,'%!7 so too has research evidenced that some mildly brain-
injured individuals may report post-traumatic symptoms that linger
in the aftermath of mTBL'*'> Future studies would be well served to
explore the reciprocal longitudinal associations of post-traumatic
symptoms and functional limitations post-mTBI, and likewise the
cross-lagged effects of symptoms and mental health problems such as
depression and anxiety. As research provides further exploration of the
interactions of these various sequelae of mTBI, findings will continue
to advance our understanding of factors influencing prognosis, treat-
ment, and successful recovery from mild traumatic brain injury.
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