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Abstract

Obijective: Cognitive and emotional symptoms are primary causes of long-term functional
impairment after acquired brain injury (ABI). Although the occurrence of post-ABI emotional
difficulties is well-documented, most investigators have focused on the impact of depression on
functioning after ABI, with few examining the role of anxiety. Knowledge of the latter’s impact
is essential for optimal treatment planning in neurorehabilitation settings. The purpose of the
present study is therefore to examine the predictive relationships between cognition, anxiety, and
functional impairment in an ABI sample.

Method: Multiple regression analyses were conducted with a sample of 54 outpatients with ABI.
Predictors selected from an archival data set included standardized neuropsychological measures
and Beck Anxiety Inventory scores. Dependent variables were caregiver ratings of functional
impairments in the Affective/Behavioral, Cognitive, and Physical/Dependency domains.

Results: Anxiety predicted a significant proportion of the variance in caregiver-assessed real-
life affective/behavioral and cognitive functioning. In contrast, objective neuropsychological
test scores did not contribute to the variance in functional impairment. Neither anxiety

nor neuropsychological test scores significantly predicted impairment in everyday physical/
dependency function.

Conclusion: These findings support the role of anxiety in influencing functional outcome post-
ABI and suggest the necessity of addressing symptoms of anxiety as an essential component of
treatment in outpatient neurorehabilitation.
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Introduction

Cognitive and emotional symptoms are primary causes of long-term functional impairments
and reduced quality of life after acquired brain injury (ABI; Dawson, Schwartz, Winocur,

& Stuss, 2007; Ponsford, Draper, & Schonberger, 2008). According to the World Health
Organization, an “impairment” is defined as “an alteration in anatomical, or psychological
structures or functions that is the result of some underlying pathology” (Guccione, 1991,

p. 500), and “functional impairment” has subsequently been used in the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition (DSM-/V) to mean “limitations

in the social and occupational spheres of life (Ustiin & Kennedy, 2009, p. 83),” which

is the operational definition used in the present study. Empirical findings regarding the
differential contributions of cognitive and emotional difficulties to functional impairment
post-ABI have been inconsistent (Ponsford et al., 2008). Some researchers, particularly in
the area of traumatic brain injury (TBI), suggest that functional capacity is affected by both
cognitive and emotional factors (Dawson et al., 2007; Ponsford et al., 2008), whereas others
conclude that cognitive factors provide the most powerful estimates of functional outcome
post-TBI (Sigurdardottir, Andelic, Roe, & Schanke, 2009; Spitz, Ponsford, Rudzki, &
Maller, 2012), and still others report that emotional symptoms are more predictive of longer-
term functional impairment than are cognitive symptoms (Meares et al., 2006). Similar
conflicting findings are observed in the literature on stroke and aneurysm (Al-Khindi,
Macdonald, & Schweizer, 2010; Carod-Artal, Trizotto, Coral, & Moreira, 2009; Gangstad,
Norman, & Barton, 2009; Hommel, Miguel, Naegele, Gonnet, & Jaillard, 2009). It is
plausible that findings differ in part because relationships among emotional, cognitive, and
physical factors in individuals with ABI are complex, ill-defined, and difficult to measure
(Dawson et al., 2007; Salmond, Menon, Chatfield, Pickard, & Sahakian, 2006).

Most investigations of the impact of emotional factors on post-ABI functioning have
emphasized the role of depression (Carod-Artal et al., 2009; Dawson et al., 2007; Hibbard
etal., 2004; Schmid et al., 2011). Information about the relationship between anxiety and
functional outcome is much more limited (Wood, McCabe, & Dawkins, 2011), despite
reported rates of anxiety ranging from 20-70% in the first two years post-injury (Bryant,
2011; Cantor et al., 2005; Draper, Ponsford, & Schonberger, 2007; Moore, Terryberry-Spohr
& Hope, 2006; Vaishnavi, Rao, & Fann, 2009). Comparable statistics support the rates of
anxiety reported post-stroke (Campbell-Burton et al., 2011, 2012; Vuleti¢, Sapina, Lozert,
Lezai¢, & Morovi¢, 2012). Recent evidence suggests that anxiety is a stronger predictor
than depression of overall long-term functional impairment in individuals with brain injuries
(Draper et al., 2007). According to Hsieh et al. (2012), “anxiety has been identified as

the most significant predictor of poor psychosocial outcome, followed by depression and
aggression” post-TBI (p. 126).
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Remediation of cognitive deficits and alleviation of emotional distress can be considered
the short-term goals of neurorehabilitation, with long-term goals including improvements in
everyday functional behavior and quality of life (Gleason et al., 2007; Silver, McAllister, &
Arciniegas, 2009). Objective neuropsychological data alone are insufficient for informing
cognitive rehabilitation efforts (Cicerone, 2012; Rath et al., 2004). Factors influenced

by emotional states, such as perception of performance, confidence, and satisfaction

with cognitive functioning, are crucial to individuals’ appraisals of their own functional
competence (Ben—Yishay & Diller, 2011; Cicerone & Azulay, 2007; Rath, Hradil, Litke, &
Diller, 2011; Schutz & Trainor, 2007), which in turn contribute to quality of life post-injury
(O’Donnell, et al., 2013; Steadman-Pare, Colantonio, Ratcliff, Chase, & Vernich, 2001). A
combination of cognitive remediation, pharmacotherapy, and psychotherapy therefore has
been identified as gold-standard treatment to address these combined areas of difficulty, with
the ultimate goal of improving overall everyday functioning (Silver et al., 2009).

A clearer understanding of the unique contributions of cognitive and emotional factors to
everyday functional impairments is essential to effective treatment planning and determining
long-term prognosis. The aim of the present study is therefore to investigate the differential
contributions of cognitive factors and anxiety to everyday functional impairments.

Method

Participants were selected from an ongoing database of individuals who underwent
neuropsychological evaluation at a large, metropolitan outpatient neurorehabilitation
program for the past two decades. Therapeutic services provided through this program
address both cognitive and emotional difficulties, in individual and group formats. Treatment
is aimed at improving real-world functional ability, independence, and subsequent quality

of life. Because of the diagnostic heterogeneity found in our program, patients are
conceptualized by level of functional impairment, rather than type or severity of injury per
se. In this classification system, patients are assigned to treatments based upon a levels-of-
residual-competence model, ranging from Level 1 through Level 5, with sets of behaviorally
observable criteria delineated for each level (Bertisch, Rath, Langenbahn, Sherr, & Diller,
2011; Langenbahn, Sherr, Simon, & Hanig, 1999; Sherr & Langenbahn, 1992). At intake,
each individual undergoes a comprehensive assessment that includes a diagnostic and
clinical interview, review of medical records, neuropsychological evaluation, and assessment
of mood, personality, and adjustment to injury. Functional data from caregivers are also
collected when available. These data are used to determine level of functional impairment
and guide individualized treatment recommendations and goals. Because the present study
is based on a de-identified archival data set, it received exempt status from the Institutional
Review Board at New York University School of Medicine.

Participants

From a larger departmental database, 74 individuals had complete data sets including all
relevant Wechsler Adult Intelligence Scale 111 (WAIS-I11; Wechsler, 1997a) and Wechsler
Memory Scale 111 (WMS-I11; Wechsler, 1997b) subtests, the BAI, and the Head Injury
Family Interview PCL caregiver rating. In an effort to restrict the possible effects of length
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of time since onset, and still retain an adequately powered sample, individuals selected from
this subset were also required to be less than two years post-ABI at the time of assessment.
Fifty-four individuals who participated in the program between 2006 and 2008 met all of
these requirements. There were no significant differences between the final sample of 54
individuals and the individuals with greater than two years post-ABI in terms of age, A1,
73) = .03, p= .87, years of education, A1, 73) = .14, p= .71, diagnostic category [x 2

(23, n=74) = 24.87, p=.36], or gender [Xz(l, n=74)=.09, p=.76]. Demographic and
clinical information on the final sample is provided in Table 1. As patients are required to be
medically stable to qualify for treatment in our neurorehabilitation program, all individuals
included in the present analyses attained this status before admission.

Predictor Variables

Cognitive functioning.—To minimize the effects of multicollinearity among the
cognitive variables, only one subtest representing each essential cognitive domain was
selected from the WAIS-111 and WMS-I1I. Standard scores were used for all subtests.

Wechsler Adult Intelligence Scale — Third Edition, Digit Span, Digit Symbol,
Similarities, and Block Design subtests.: These subtests (Wechsler, 1997a) represent
major cognitive domains (attention/working memory, processing speed, verbal ability,
visual-spatial skill, and executive function/abstract reasoning), with an emphasis on tasks
sensitive to neurological compromise (Bagiella et al., 2010; Cicerone et al., 2011; Kennedy,
Clement, & Curtiss, 2003; van der Heijden & Donders, 2003).

Wechsler Memory Scale — Third Edition, Logical Memory | & Il subtests.: These
subtests (Wechsler, 1997b) examine the ability to recall contextual information presented
in two passages read to the participant. Recall is assessed immediately and at a 20- to 30-
minute delay, with a “yes-no” recognition format administered for information not recalled
spontaneously.

Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, & Steer, 1988).—The BAI is
a 21-item self-report measure that assesses subjective, somatic, or panic-related symptoms
associated with anxiety. The BAI requires only a basic reading level, and can be read aloud
by an examiner for those with visual/reading difficulties. Total scores are generally reported,
as was the case in the present study. Responses range from 0 (10t at all) to 3 (severely).
Higher scores represent greater levels of anxiety, ranging from 0 to 9 (n0 anxiety), 10 to

18 (mild to moderate), 19 to 29 (moderate to severe), and 30 to 63 (severe anxiety). The
instrument has good internal consistency (.92) and test—retest reliability (.75), as well as
acceptable validity. The BAI has been widely used with individuals with ABI (Ashman et
al., 2009; Fleming, Strong, & Ashton, 1998; Trahan, Ross, & Trahan, 2001; Wallace &
Bogner, 2000; Wood & Doughty, 2013).

Outcome Variable

Functional impairment.—Caregiver ratings are a reliable method for gathering
functional status information (Kay, Cavallo, Ezrachi, & Vavagiakis, 1995; Leathem, Murphy,
& Flett, 1998; Sneeuw, Sprangers, & Aaronson, 2002; Woolley, Moore, & Katz, 2010;
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Zamboni, Grafman, Krueger, Knutson, & Huey, 2010). A caregiver rating was selected as
the index of functional ability for the current study as these observational ratings were
independent of both patient self-report on the BAI and objective cognitive performance on
the WAIS-111 and WMS-I11. For the purposes of the present study, “functional impairment”
was operationalized as “limitations in the social and occupational spheres of life,” as used
in the DSM-/V (Ustiin & Kennedy, 2009, p. 83), and quantitatively assessed via the Head
Injury Family Interview (HiFi; Kay et al., 1995) PCL, as described below.

The HiFi is a structured interview designed for systematic data collection from patients
and/or family members regarding symptomotology post-ABI. Within the HiFi, the Problem
Checklist (PCL) is a 43-item observer-rating scale, in which specific symptoms in the
emotional, cognitive, and physical domains are rated on a seven-point scale, ranging from 1
to 7, in which “1” indicates that the symptom is “no problem” in terms of impact on daily
functioning, “4” represents a “moderate problem,” and 7 represents a “severe problem” in
terms of daily function. Of the total items, factor analysis of the PCL defined three global
scales of everyday functional impairments: 1) Affective/Behavioral [14 items measuring
difficulties such as argumentative behaviors, boredom, and tension], 2) Cognitive [9 items
measuring problems such as difficulty planning, organizing, and setting realistic goals],

and 3) Physical/Dependency [8 items measuring problems such as poor balance, visual
difficulties]; Kay et al., 1995. In contrast to other commonly used rating scales that are either
intended for use with individuals with extreme impairment (e.g., emergence from coma)

or target fewer areas of deficit (e.g., Disability Rating Scale, Hall, Cope, & Rappaport,
1985; Glasgow Coma Scale, Hall et al., 1985; Mayo—Portland Inventory, Malec, 2005;
Moss Attention Rating Scale, Hart, Whyte, Ellis, & Chervoneva, 2009; Post-Acute Level
of Consciousness Scale, Eilander, et al., 2009), the HiFi PCL has a relatively broad range
of functional domains and severity of impairment, considerations that were crucial to its
selection as the functional measure for this study. The HiFi PCL has demonstrated good
clinical utility, excellent reliability, and the three factor scales demonstrate validity against
related measures of functional disability, such as the Patient Competency Rating (Fourtassi
etal., 2011; Kashluba, Paniak, & Casey, 2008; Kay et al., 1995; Nabors, Seacat, & Roenthal,
2002; Seel, Kreutzer, & Sanders, 1997). The HiFi PCL has been used in prior ABI research
(Paniak, Reynolds, Toller-Lobe, Melnyk, Nagy, & Schmidt, 2002; Rath et al., 2003, 2004;
Struchen, Pappadis, Sander, Burrows, & Myszka, 2011).

Data Analyses

Three multiple regression analyses (MRA) were conducted using the Affective/Behavioral,
Cognitive, and Physical/Dependency scales on the HiFi as criterion variables, respectively.
The cognitive variables (WAIS-I1I Digit Span, Digit Symbol, Similarities, Block Design, and
WMS-III Logical Memory | & 1) were entered into one block of the equation, and the BAI
was entered into another, as the predictors. Stepwise MRA was selected because, although
the predictors were decided a priori, this study is exploratory, and there was no expected
effect from the order of entry of the variables into the equation. To determine the effects of
anxiety distinct from the cognitive variables, anxiety was entered into a separate block as a
predictor within each analysis. Before MRA, histograms for the three HiFi PCL scales (1)
Affective/behavioral, (2) Cognitive, and (3) Physical/Dependency were reviewed to assure
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appropriate variability within each criterion variable. Descriptive data from all inclusive
variables is provided in Table 2.

Results

Examination of Multicollinearity and Distributions of HiFi PCL Scores

The Wechsler scales are renowned for their excellent reliability (including internal
consistency) and validity (Wechsler, 1997, 1997b), and as such, the individual subtests
are not fully independent. Correlations between selected WAIS-111 and WMS-I11 subtests
in the current sample ranged from .16 to .90. As indicated above, only one subtest
representing each essential cognitive domain was selected for this study in an effort to
reduce multicollinearity. There were no cognitive predictor variables that significantly
correlated with the BAL.

Descriptive statistics and histograms for each of the HiFi PCL scales evidenced sufficient
variability for their inclusion as criterion variables (see Table 2).

Multiple Regression Analyses

As shown in Table 3, results of the regression analyses indicated that only BAI scores
significantly predicted impairment on the Affective/Behavioral scale, A1, 50) =5.32, p<
.05, Adjusted A2 =.079; and the Cognitive scale, A1, 32) = 4.42, p< .05, Adjusted /2
=.097, with the BAI accounting for 9.8% and 12.5% of the variance in caregiver ratings,
respectively. No cognitive variables were significant predictors on any scale of the HiFi
PCL, and the stepwise entry of all predictor variables rendered the model for the Physical/
Dependency scale nonsignificant.

Discussion

These findings provide preliminary support for the role of anxiety on real-life functional
impairment in individuals up to two years post-ABI. This relationship is particularly
meaningful in neurorehabilitation settings, as it supports the literature suggesting that
anxiety must be addressed not only for reducing distress, but also as a prerequisite for
improving everyday functioning and subsequent quality of life in individuals with ABI. The
role of anxiety in predicting caregiver-reported disruptions in cognitive function was a novel
finding of the present study. Not surprisingly, a relationship between the BAI and the Affect/
Behavioral scale was found, and neither the cognitive predictors nor anxiety significantly
predicted physical function.

Strengths of this study include first, that the data were derived from multiple independent
sources (objective cognitive tests, self-reports of anxiety, and caregiver ratings), and
therefore are robust to systemic factors such as rater bias. Also, as most studies investigating
the influence of emotional factors on functional abilities have focused on depression, this
study is distinct in its emphasis on the role of anxiety.

Primary limitations of this study include the small, albeit adequately powered, sample
size (Cohen, 1992), limitations in the measurement of emotional function, and the
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multicollinearity across cognitive tests. The latter was addressed within the study design and
statistical analyses by the selection of only one subtest representing each essential cognitive
domain within the Wechsler scales. Also, the heterogeneity of diagnoses in the present
study may limit generalizability across conditions, and it is possible that the relationship
between anxiety and outcome may vary by brain injury etiology. Given the small number of
individuals in each diagnostic category, however, these differences could not be explored in
the current sample.

In addition to these limitations, the BAI, which serves as a program screening tool

for general anxiety symptoms, does not capture a// symptoms of anxiety disorders,

and it is possible that patients with other kinds of symptoms (e.g., symptoms specific

to Obsessive Compulsive Disorder or Post-Traumatic Stress Disorder) did not endorse
clinically significant anxiety on this questionnaire (Moore et al., 2006). The BAI has no
symptom-report validity checks or indicators, it is a face-valid measure, and ratings may

be influenced by injury-related, non-emotional, or non-anxiety related factors. It is also not
beyond the realm of possibility that caregiver ratings of functional impairment may have
been inflated in those individuals with anxiety, as their difficulties may have been more
easily observable. Anxiety generally manifests with external and observable symptoms, so
individuals with higher levels of anxiety may appear more functionally impaired than others
(Draper et al., 2007; Hsieh et al., 2012). Likewise, a reverse relationship may be possible,
such that individuals with observable functional impairment may be more likely to report
anxiety as compared with those more adequately able to complete daily tasks. Another
concern is that depression, a primary variable in the ABI functional outcome literature, was
not included in this study. Although we acknowledge the important role of depression in the
functional status of individuals with ABI, it should be recognized that the goal of this study
was to use available data to examine the relative contribution of anxiety and cognitive factors
in functional outcome following ABI.

Although interventions for addressing cognitive difficulties and depression have been
well-documented (Cicerone et al., 2000, 2005, 2011), methods for the treatment of post-
ABI anxiety are not as prominent in the literature. Nonetheless, there is evidence to

support the use of interventions such as cognitive—behavioral therapy (CBT) in reducing
symptomatology following brain injury (Hsieh et al., 2012; Soo & Tate, 2007; Vaishnavi

et al., 2009). For example, Rath et al. (2011) described a cognitive rehabilitation model is
which emotional dyscontrol, including significant anxiety, is viewed as a primary contributor
to everyday functional impairments, and therefore is addressed in tandem with cognitive
dysfunction. Treatment paradigms that address anxiety as a primary contributor to reduced
functional status post-ABI should continue to be developed.

Because this is the only known study that has attempted to investigate quantitatively the
differential contributions of anxiety and cognition on functional impairments post brain-
injury, future studies may aim to replicate this finding with larger samples and more specific
measures of anxiety. Because it is possible that the BAI may be an indicator of overall
emotional distress, additional measures of mood may also be included to further distinguish
the unique role of anxiety in relation to function. Prospective designs with more specific a
priori hypotheses regarding the contributing role of anxiety to functional impairment should
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be implemented. Because anxiety may represent a pervasive factor that influences observer
appraisal of both emotional and cognitive function, research should also be conducted to
identify more specifically those individual profiles that are most at risk for anxiety, in the
service of facilitating appropriate treatment plans. Measures of caregiver burden may also be
incorporated as moderator variables.
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Impact and Implications

. This pilot study extends previous work by exploring the relationship
between anxiety and functional impairment after acquired brain injury
(ABI). Although the occurrence of post-ABI emotional difficulties is well-
documented, most investigators have focused on the impact of depression on
functioning after ABI, with few examining the role of anxiety.

. Although preliminary, the results of this study suggest that anxiety influences
functional outcome post-ABI, over and above cognitive symptoms.

. Anxiety is a potentially modifiable variable that might be considered in
research and clinical settings when working to improve functional outcomes
after ABI.
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Table 1
Subject Demographics (h = 54)

Characteristic n %
Gender
Male 33 61.1
Female 21 389
Race
White 27 50.0
Black 10 18.5
Asian 4 7.4
Hispanic 4 7.4
Missing 9 16.7
Etiology
TBI 17 315
Stroke 19 352
Brain/Vascular Disorder 6 111
Brain Tumor 2 3.7
Other (includes dementia, MS, Parkinson’s Disease, epilepsy, meningitis & electrocution) 10 18.5
Employment Status
Employed 18 33.3
Unemployed 18 333
Retired 5 9.3
SSD/Disability 7 13.0
Other/Missing 6 111
Mean _SD_
Age at evaluation 5470 18.21
Months between onset and evaluation 7.35 6.3
Years of education 155 2.55
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