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Abstract

Evaluating the ecological validity of neuropsychological tests has become an increasingly important topic. Previous
research suggests that neuropsychological tests have a moderate level of ecological validity when predicting
everyday functioning. The presence of depressive symptoms, however, may impact the relationship between
neuropsychological tests and real world performance. The current study empirically tests this hypothesis in a sample
of 216 participants with moderate to severe traumatic brain injury (TBI) who completed neuropsychological testing,
self-report of mood symptoms, and report of everyday functioning six months post-injury. Contrary to some
previous research and clinical lore, results indicated that depression was weakly related to neuropsychological test
performance, although it was more strongly related to everyday functioning. Neuropsychological test performance
was also significantly related to everyday functioning. The ecological validity of the neuropsychological tests
together was not impacted by depressive symptoms, when predicting significant other ratings of functional status.
However, patient self-report seems somewhat less related to neuropsychological performance in those with
significant depressive symptoms. Neuropsychological test performance was equally related to self and other report
of everyday functioning in patients without significant depressive symptoms. (JINS, 2007, 13, 377-385.)

Keywords: Activities of daily living, Everyday functioning, Cognition, Self-report, Depressed mood, Validation
studies

INTRODUCTION and circumstances. A critical element of ecological validity
research is how one defines “everyday functioning,” as some
researchers have focused on basic or instrumental activities
of daily living or employment status, whereas others have
focused more specifically on everyday cognitive failures. A
recent review of the literature on the relationships between
neuropsychological tests and measures of everyday cogni-
tive functioning, found that the magnitude of these relation-
ships is in the moderate range and many individual tests are
unrelated or weakly related to measures of outcome (Chay-
tor & Schmitter-Edgecombe, 2003). More specifically, in a
general neurological sample, Chaytor et al. (2006) found

Correqundence and reprint requests to: Naomi S. Chaytor, Ph.D., that neuropsychological testing accounted for 18% to 20%
Regional Epilepsy Center, Harborview Medical Center, P.O. Box 359745,

325 9th Avenue, Seattle, Washington 98104-2499. E-mail: chaytor@  ©Of the variance in everyday cognitive functioning, as assessed
u.washington.edu by informant ratings of everyday cognitive failures. Heaton

377

In the context of neuropsychological testing, ecological valid-
ity refers to the degree to which test performance corre-
sponds to real world performance. Validity does not apply
to the test itself but to the inferences that are drawn from
the test in a given context (Franzen & Arnett, 1997; Hein-
richs, 1990). Therefore, tests that have adequate diagnostic
validity (i.e., are associated with dysfunction in a particular
brain area) do not necessarily have adequate ecological valid-
ity, and ecological validity may vary across patient groups
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et al. (2004) demonstrated greater correspondence between
neuropsychological measures and laboratory-based simula-
tions of everyday tasks (e.g., cooking, managing medica-
tions) than with self-reported cognitive complaints or self-
reported dependence in instrumental activities of daily living.

Taken together, regardless of how everyday functioning
is assessed, much of the variance in everyday functioning
remains unaccounted for by neuropsychological perfor-
mance. Many researchers may consider this an indication
that neuropsychological tests have inadequate ecological
validity. However, several authors indicated that cognitive
test scores alone are unlikely to account for a large amount
of the variance in everyday functioning for various reasons
(Chaytor & Schmitter-Edgecombe, 2003; Franzen & Arnett,
1997; Long & Collins, 1997; Long & Kibby, 1995; Sbor-
done, 1996; Sbordone & Guilmette, 1999; Silver, 2000).
Factors that may influence the relationship between test
performance and everyday performance thereby limiting
ecological validity, include emotional problems, level of
premorbid functioning, motor functioning, health prob-
lems, and varying environmental demands (Chaytor et al.,
2006; Long & Kibby, 1995; Sbordone, 1997). Accounting
for these variables, in addition to performance on cognitive
tests, may allow neuropsychologists to better predict every-
day functioning.

In addition, the International Classification of Function-
ing, Disability and Health (ICF) of the World Health Orga-
nization asserts that the relationship between a health
condition and activity level is not linear, but rather modi-
fied by environmental and personal factors. Thus, we should
expect neuropsychological test performance (an indicator
of disease status assessed in a uniform environment) to be
only partially related to everyday activity, with varying envi-
ronmental and personal factors playing a significant role in
determining the ultimate activity level of an individual.

A more complete understanding of the relationship
between neuropsychological test performance and every-
day functioning is especially critical following traumatic
brain injury (TBI), because rehabilitation professionals often
base recommendations about appropriateness for return to
work and other activities on cognitive test performances. In
addition to cognitive deficits, depression is a common
sequela of TBI, affecting 14% to 49% within the first year
post-injury (Bush et al., 2004; Dikmen et al., 2004; Jorge
et al., 2004; Kreutzer et al., 2001). This is problematic,
given that depressive symptoms have been linked to every-
day functioning (Satz et al., 1998; Temkin et al., 2003). The
impact of emotional difficulties in everyday environments
has been referred to as the conditional neurological lesion
(Sbordone, 1997; Sbordone & Guilmette, 1999). Thus,
despite relatively intact test performances, the individual
may have marked difficulties in everyday functioning caused
by the effect of emotional symptoms on participation in
daily activities. The variable nature of depressive symp-
toms may also cause fluctuations in everyday functioning,
making the relationship between cognitive performance and
everyday functioning inconsistent over time. The presence
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of depression may, therefore, reduce the strength of rela-
tionships between cognitive test performance and everyday
functioning in TBI, although this has not been studied
directly.

Further, while previous meta-analytic studies have dem-
onstrated deficits on neuropsychological testing in neuro-
logically normal individuals with depression (Burt et al.,
1995; Veiel, 1997), the type and magnitude of deficits dif-
fer substantially across studies. In short, whereas depressed
individuals perform statistically poorer on most neuropsy-
chological tests on average, as few as 15% were impaired
on any given test (Veiel, 1997). The meta-analysis by Veiel
(1997) found no differences between groups (depressed and
non-depressed) on measures of attention/concentration and
found inconsistent memory differences. In a sample of
patients involved in litigation, Rohling et al. (2002) failed
to find differences in neuropsychological performance asso-
ciated with depression alone, in patients putting forth ade-
quate effort. This suggests that factors other than the direct
physiological effects of depression may account for the asso-
ciation of depression with cognitive impairment. Whereas
the effects of depression on cognition in healthy adults are
better studied, cognitive deficits secondary to depression
have also been documented in mild and moderate TBI (Rap-
oport et al., 2005). This study was small, with only 21 par-
ticipants with depression (total sample size of 74) and the
non-depressed TBI group had very little cognitive impair-
ment (more than half the sample was intact on all the neuro-
psychological measures). It is also possible that the depressed
group was depressed secondary to being more cognitively
compromised or that this group put forth poorer effort on
testing. Satz et al. (1998) demonstrated that whereas those
with TBI and depression have equivalent cognitive func-
tioning to those without depression, they do have a poorer
functional outcome. Similarly, depression was not related
to cognitive disturbance in a sample of HIV-infected indi-
viduals (Grant et al., 1993), although it was uniquely related
to real world functional ability (Heaton et al., 2004).

The current study sought to add to previous research exam-
ining the ecological validity of neuropsychological tests in
a TBI population, while also investigating the effect of
depression on neuropsychological performance and ecolog-
ical validity. The specific study questions are as follows:

1. Are neuropsychological tests related to self and signifi-
cant other ratings of everyday functional ability? (i.e.,
what is the ecological validity of the neuropsychological
tests individually and as a group?)

2. Are neuropsychological tests related to depression sever-
ity in a TBI sample?

3. Does depression severity add to prediction of everyday
ability above and beyond neuropsychological tests?

4. Isthe ecological validity of the neuropsychological mea-
sures lower in the depressed TBI patients compared to
those without depression?
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Participants

The participants were selected from subjects enrolled in the
Magnesium Sulfate Study (Temkin et al., 2007). Patients with
moderate to severe TBI admitted to Harborview Medical Cen-
ter, Seattle, WA, a Level I regional trauma center, between
August, 1998, and October, 2004, were eligible for the study.
Moderate to severe TBI was defined by intracranial surgery
within 8 hours of injury or post-resuscitation Glasgow Coma
Scale (GCS) score of 3—-12 or, if intubated, GCS motor
score of 1-5 without pharmacologic paralysis. Patients were
excluded if they were under 14 years old, could not receive
study drug within 8 hours of injury, had serum creatinine over
2.0 mg/dL, were pregnant, were prisoners, or were known to
live overseas. Study treatment consisted of a loading dose of
IV magnesium sulfate and continuous infusion for 5 days to
obtain serum magnesium levels between 1.0 and 2.5 mmol /L
in those randomized to supplemental magnesium. Addi-
tional selection criteria for this project included completion
of the 6-month neuropsychological assessment and the Cen-
ter for Epidemiological Studies-Depression Scale (CES-D).
To have another measure of injury severity, the time to fol-
low commands (TFC), as measured by the number of days
until the participant was able to follow simple commands con-
sistently as defined by the motor score of the GCS was deter-
mined. The Magnesium Sulfate study enrolled 499 subjects.
One hundred and six participants died (21.2%). Of the remain-
ing participants, 134 had not completed the CES-D and were
therefore excluded. Forty-two additional participants were
excluded because they did not complete the neuropsycho-
logical assessment. One participant was excluded because
she was not following commands by the 6-month assess-
ment, making her CES-D likely invalid. This resulted in a
final sample of 216.

It is important to note that the neuropsychological assess-
ment administered for this research project was not a clinical
assessment. No reports were generated and the project had a
certificate of confidentiality from the National Institutes of
Health, that the subject was made aware of, which precluded
the results from being subpoenaed without the consent of the
subject. This was done in order to reduce any potential exter-
nal incentives that may have affected test performance. Study
personnel were also specifically trained to obtain the patient’s
best effort throughout all aspects of the assessment.

The protocol and procedures were approved by the Uni-
versity of Washington Human Subjects Division. The study
was permitted to enter patients with waiver of consent under
the regulation for emergency medical research.

MATERIALS

Neuropsychological Tests

The Trail Making Test (TMT), Part A and B (Reitan &
Wolfson, 1995), Controlled Oral Word Association Test
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(COWAT; Spreen & Benton, 1977), The Selective Remind-
ing Test (SRT; Buschke, 1973), and the Processing Speed
Index (PSI) from the WAIS-III (Wechsler, 1997) were
selected to broadly survey the areas of memory, executive
functioning, processing speed, and language. The Wechsler
Abbreviated Scales of Intelligence (WASI; Psychological
Corporation, 1999) was administered to characterize the
sample. These tests were administered at six months post
injury.

Depression

The CES-D was used as a measure of depressive symptoms
(Radloff, 1977). It consists of 20 symptoms rated in fre-
quency of occurrence in the last week. This measure is
based on the participant’s self-report, with higher scores
meaning endorsement of more depressive symptoms. A
cutoff of = 16 was used to indicate clinical levels of depres-
sive symptoms (Bush et al., 2004). The CES-D is a well-
validated measure of depressive symptoms and has 86% to
89% sensitivity and 79% to 90% percent specificity for a
DSM diagnosis of depression in neurological samples using
a cut-off score of 16 (Jones et al., 2005; Parikh et al., 1988).
This measure was completed at six months post injury.

Everyday functioning

The Functional Status Examination (FSE) (Dikmen et al.,
2001) is a measure developed to evaluate changes in func-
tional status as a result of TBI. It covers physical, social,
and psychological domains of functioning. Within each area,
a rating of 0 signifies no change; 1 signifies increased dif-
ficulties in performing the activity, but still total indepen-
dence; 2 indicates dependence on others some of the time
or not performing some activities in that area; and 3 signi-
fies that the individual is completely dependent on others or
does not perform that activity at all. The score is the sum of
the limitations over 10 areas of functioning (personal care,
mobility/ambulation, mobility/travel, work /school, home
management, leisure/recreation, social integration, cogni-
tive/behavioral competency, standard of living and finan-
cial independence). Higher scores indicate greater everyday
functional limitations. The measure is administered by struc-
tured interviews with the participant and a significant other
(when available) at six months post injury.

Data Analysis

Five subjects were not administered the SRT and the COWAT
because of poor English proficiency. Their scores on those
tests were considered to be missing. Several participants
were unable to complete individual neuropsychological tests
due to the severity of their TBI. These data points were
replaced with a value one less than the poorest observed
value for that measure. This resulted in less than 1% of the
data points for each variable being replaced.

Due to skewed distributions of several variables (i.e.,
CES-D, TMT A, TMT B, SRT), non-parametric statistics
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were employed for all analyses. First, the self and signifi-
cant other FSE ratings were correlated (Spearman) with the
neuropsychological tests to determine the ecological valid-
ity of each individual neuropsychological test. Second, to
determine the individual relationships between the neuro-
psychological tests and depression, the neuropsychological
test variables and the CES-D were correlated (Spearman).
Next, ranked self and significant other FSE scores were
each regressed on the ranked neuropsychological test scores
in order to determine the ecological validity of the neuro-
psychological tests together. Fourth, the independent con-
tributions of the neuropsychological tests and the CES-D in
predicting everyday functioning, was explored using rank
regression.

Lastly, the sample was separated into two groups based
on CES-D scores: “depressed” (CES-D = 16) and “non-
depressed” (CES-D < 16). Whereas the label “depressed”
was used, this actually refers to clinically significant depres-
sive symptoms and should not be confused with a DSM-IV
diagnosis of depression. Demographic information, TBI
severity, FSE self and significant other ratings, and neuro-
psychological test performance were compared between the
groups using Mann-Whitney U tests with correction for mul-
tiple comparisons. The correlations and regression models
described previously were computed for each group sepa-
rately and the extent of correlation was compared using the
Fisher r-to-z transformation procedure.

RESULTS

A sample of 216 TBI survivors (age; M = 29.54, SD =
14.04, range = 14-87 years) participated in this study.
Seventy-eight percent of the sample was male. The average
level of education of the sample was 11.36 years (SD =
2.10, range = 6-20 years). The average full-scale 1Q was
95.51 (SD = 16.62, range = 54—135), as estimated by the
WASI (Psychological Corporation, 1999). Injury severity
was quantified by the worst GCS score obtained within 24
hours of injury (M = 6.85, SD = 2.29, range = 3-15) and
TFC (M =10.55 days, SD = 18.54, Median = 3.59, range =
0-106).

To examine the ecological validity of the individual neuro-
psychological tests for the sample as a whole, the individ-
ual measures were correlated (Spearman) with the self and
other FSE score (Table 1). The strong relationship between
the self and other ratings of everyday functioning (r = .83,
p <.001) suggests that both are measuring the same basic
construct. Each neuropsychological measure was signifi-
cantly related to both the self and other ratings of everyday
functioning. The correlations between the neuropsycholog-
ical tests and the self-FSE were not significantly different
in magnitude from those with the significant other FSE,
using Choi’s test for the difference between dependent cor-
relation coefficients (Choi, 1977).

The Spearman correlations between the neuropsycholog-
ical measures and the CES-D, while statistically signifi-
cant, were smaller in magnitude than the relationships
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Table 1. Spearman correlations between depressive symptoms,
everyday functioning and neuropsychological test performance

CES-D FSE self FSE other
Variable N =209-216 N =207-214 N = 184-187
Trails A 2] %*a S okl Kok
Trails B 20%* Rl 37HE*
SRT 22%* 35k H* A40F**
PSI .20**b,c 42***b 50***C
COWAT .16%* 29kH* 35k

Note. CES-D = Center for Epidemiological Studies—Depression Scale,
FSE self = Functional Status Exam self rating, FSE other = Functional
Status Exam other rating, Trails A = Trail Making Test Part A, Trails B =
Trail Making Test Part B, SRT = Selective Reminding Test, PSI = WAIS-
IIT Processing Speed Index score, COWAT = Controlled Oral Word Asso-
ciation Test. Scores reflected where appropriate to make correlations
positive.

ab.e Significantly different correlations are indicated by the same letter.
*p < .05, #*p < .01(significant with Bonferroni correction: p = .05/5),
wakp <001

between the neuropsychological variables and everyday func-
tioning. These differences were statistically significant for
PSI for the self and other FSE and for TMT A for the self
FSE. Thus, these neuropsychological measures appear more
highly related to everyday functioning than to depressive
symptoms. The correlations between the CES-D and self
FSE rating (r = .42, p < .001) and the CES-D and sig-
nificant other FSE rating (r = .35, p < .001) were both
significant.

To determine the ecological validity of the neuropsycho-
logical tests as a group, the self and other FSE scores were
each regressed on the TMT A, TMT B, SRT, PSI and COWAT
using rank ordered regression procedures. The group of
neuropsychological measures accounted for 21 percent of
the variance in self-FSE ratings (adjusted R? = .19, p <
.001) and 29 percent of the variance in other-FSE ratings
(adjusted R? = .27, p < .001). The neuropsychological mea-
sures as a group accounted for little of the variance in depres-
sion severity (R? = .06, adjusted R* = .03, p < .05),
indicating that neuropsychological difficulty is only weakly
predictive of depression severity.

Adding the CES-D scores to the regression model after
the group of neuropsychological tests led to an R? change
of .10 (p < .001) when predicting self-FSE (overall R?> =
.31), and an R? change of .05 (p < .001) when predicting
other-FSE (overall R? = .34). Conversely, adding the group
of neuropsychological tests to the CES-D resulted in an R?
change of .14 (p < .001) when predicting self-FSE and an
R? change of .22 (p < .001) when predicting other-FSE
(see Table 2). Thus, both neuropsychological and emo-
tional variables are significant independent predictors of
everyday functioning, although neuropsychological mea-
sures appear to be relatively stronger predictors of every-
day functioning.

For the following analyses, the sample was divided into
two groups based on a CES-D cut off score of 16: depressed
(N = 87) and non-depressed (N = 129). At six months
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Table 2. Regression of everyday functioning on the
neuropsychological measures and depressive symptoms
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To examine the impact of depressive symptoms on the
ecological validity of the neuropsychological tests, the indi-
vidual neuropsychological measures were correlated (Spear-

Dep?ndem R Ove;all Ad]uzsted man’s rho) with the self and other FSE scores for each

Block variable change R R . .
group separately (Table 4). Again, there was a high degree
NPT® alone FSE self — 2]k Ok of relatedness between the self and significant other ratings
FSE other — 29w 2T of everyday functioning for both the depressed (r = .81,
CES-D — 06%* 03% p < .001) and non-depressed groups (r = .82, p <.001). As
CES-D alone FSE self - '17::: '17::: expected, in the non-depressed group, even with Bonfer-
NPT + CES.D E:E ;)Et:lllfer 10_*** i*** ;g*** roni correc.tion for multiple comp.aris.o.ns (p = .01), the neuro-
FSE other  05%#% 34 Py, psychological measures were significantly related to both
CES-D + NPT  ESE self Q4EEr 3wk g the self and other ratings of everyday functioning. In the
ESE other ~ 22%%%  34%ux R depressed group, whereas the correlations between the neuro-

Note. All variables were rank ordered due to skewed data.
“Neuropsychological variables included in the model: Trails A, Trails B,
SRT, COWAT, PSI

#p < .05, #¥p < .01,%*¥p < .001.

post-injury, 40 percent of our sample was reporting signif-
icant symptoms of depression, similar to previous research
on rates of depression in TBI. As seen in Table 3, the two
groups were of similar age and years of education. With
Bonferroni correction, injury severity (as measured by TFC
and GCS) and performance on most of the neuropsycholog-
ical tests were not significantly different, with the excep-
tion of the SRT. However, there was a trend for the depressed
group to have poorer neuropsychological performances.
There was a significant difference between the two groups
on the self-FSE (Mann-Whitney U test, Z = —4.427, p <
.001), and significant other FSE (Z = —3.07, p < .005),
with the depressed group having more functional limita-
tions than the non-depressed group.

psychological tests and the other FSE were similar to those
in the non-depressed group, the correlations with the self-
FSE were somewhat lower, with only the PSI and TMT A
reaching significance when using the Bonferroni correc-
tion. None of the correlations between the neuropsycholog-
ical tests and the self or other FSE in the depressed and
non-depressed groups were significantly different using
Fisher’s z transformation procedure.

To determine if the ecological validity for the neuropsy-
chological tests as a group is poorer in the depressed sam-
ple than the non-depressed sample, the self and other FSE
scores were each regressed on the ranked TMT A, TMT B,
SRT, PSI, and COWAT, for the depressed and non-depressed
groups separately (Table 5). The neuropsychological mea-
sures accounted for a significant amount of variance in
significant other-rated everyday functioning in the non-
depressed and depressed participants and in self-rated every-
day functioning in the non-depressed group, whereas in the
depressed group, the neuropsychological measures showed
a trend toward predicting everyday functioning. The multi-
ple correlations between the neuropsychological tests and

Table 3. Demographic characteristics, neuropsychological test performance,

and everyday functioning in depressed and non-depressed groups

Depressed! Non-Depressed
(N =87) (N =129)
Median IQR? Median IQR p*

Age 25.52 19.61-31.20 23.09 19.20-36.01 .320
Education 11.00 10-12 12.00 10-12.5 228
TFC (days) 4.80 57-12.43 2.94 .56-10.44 375
GCS 7.20 5.8-7.2 7.20 5.8-8.6 197
Self-FSE 16.33 9.75-22.25 11.06 4-17 <.001*
Other-FSE 17.00 9.75-22 12.00 4.22-18.67 .002*
Neuropsychological Tests

Trails A (seconds) 31.00 23-44 27.00 20-41 .038

Trails B (seconds) 87.50 60-122.25 72.00 52-105 .052

SRT (number correct) 70.00 59.5-79.5 75.00 67.5-85.5 .004*

PSI (standard score) 84.00 76-91 88.00 76.75-99 .051

COWAT (raw score) 30.00 24-38.75 34.00 26-42 .065

*P-value for significance using the Bonferroni correction: p = .05/10 = .005
1“Depressed” refers to a score = 16 on the CES-D.
2IQR = Inter quartile range
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Table 4. Spearman correlations between everyday functioning and
neuropsychological test performance in the depressed versus

non-depressed groups

FSE self FSE other

Depressed! Non-Depressed Depressed! Non-Depressed

(N=283-86) (N=124-128) (N=69-70) (N=114-117)
Trails A 30%* 43 A4 30HE*
Trails B .20 34k 37 35w
SRT 24% 34k 39#** 36%F*
PSI 32%* A3 45H%* S50%**
COWAT .16 34 24% 40HE*

Note. Scores reflected where appropriate to make correlations positive.
*p < .05, #*p < .01(Significant with Bonferroni correction: p = .05/5), **#p < .001
1“Depressed” refers to a score = 16 on the CES-D.

the self or other FSE in the depressed and non-depressed
groups were not significantly different using Fisher’s z trans-
formation procedure.

DISCUSSION

The neuropsychological measures employed in this study
(TMT A & B, SRT, PSI, and COWAT) appear to have ade-
quate ecological validity, individually and as a group, when
predicting self and significant other reports of everyday
functioning in TBI. Consistent with previous research (Chay-
tor et al., 2006), the ecological validity of the neuropsycho-
logical measures was found to be moderate in the TBI sample
as a whole, accounting for 21% to 30% of the variance in
functional status. A recent review of the literature on the
ecological validity of neuropsychological tests identified
several variables that could possibly affect ecological valid-
ity research (Chaytor & Schmitter-Edgecombe, 2003). One
such variable is depression, such that neuropsychological
tests may have less ecological validity in individuals who
are depressed.

Interestingly, depression severity and neuropsychologi-
cal test performance were only weakly related. This finding
runs contrary to some previous research and clinical lore

Table 5. Rank regression of the neuropsychological measures?®
on everyday functioning in depressed versus
non-depressed groups

Dependent Multiple Adjusted
Block variable R R? R? p
Depressed! FSE self .35 12 .06 .079
FSE other S1 .26 21 .001
Non-depressed FSE self .50 25 21 <.001
FSE other .55 .30 27 <.001

aRanked variables included in the model: Trails A, Trails B, SRT, PSI,
COWAT
“Depressed” refers to a score = 16 on the CES-D.
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suggesting a strong link between depression and poor neuro-
psychological test performance (Rapoport et al., 2005; Veiel,
1997), although our findings are consistent with several
other studies (Heaton et al., 2004; Grant et al., 1993; Rohling
et al., 2002). Although the magnitude of the relationships
was relatively weak, depression severity was significantly
correlated with 4 of 5 neuropsychological measures. The
direction of this relationship, however, remains unclear, as
itis possible that the presence of cognitive dysfunction results
in increased risk of depression (i.e., a reactive depression),
or that they are both related to the same underlying neuro-
pathological and neurophysiologic processes. Since corre-
lation does not imply causality, perhaps one way to study
this problem is to investigate whether improvement in
depressive symptoms leads to improvement in cognitive
functions. Whereas improvement in neuropsychological test
performance (over a 9 week period) has been documented
after being successfully treated for depression in a mild
TBI sample, this study did not have a non-treated control
group, making it possible that this improvement was because
of practice effects or post-injury cognitive recovery (Fann
et al., 2001).

The neuropsychological measures were significant pre-
dictors of functional status, over and above depression scores.
Likewise, depressive symptoms were significant predictors
of functional status independent of neuropsychological test
performance, although to a lesser degree. Thus, emotional
functioning and neuropsychological functioning are both
unique and largely independent predictors of functional sta-
tus after TBI. Of note, however, the neuropsychological
measures were more closely related to functional status than
depressive symptoms were.

Whereas it was hypothesized that the presence of depres-
sive symptoms would reduce the ecological validity of the
neuropsychological tests, the data did not support this. Other-
reported everyday functioning was significantly related to
the neuropsychological measures, regardless of the pres-
ence of depressive symptoms. This study suggested, how-
ever, that the presence of depressive symptoms after TBI
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may be associated with reduced relationships between neuro-
psychological tests and self-reported everyday functional abil-
ity. The neuropsychological measures accounted for 25% of
the variance in self-reported everyday functional ability in
the sample of TBI patients without significant depressive
symptoms and each of the tests was significantly related to
self-reported functioning. In contrast, although none of the
differences are statistically significant, neuropsychological
measures accounted for 12% of the variance in self-reported
everyday functioning for the patients with depression and 2
of the 5 measures were significantly related to self-reported
everyday functioning. If other studies confirm a lesser degree
of ecological validity of the neuropsychological measures for
self-reported everyday functioning in depressed people after
TBI, the reasons are difficult to determine. Whereas one might
think that impaired self-awareness in participants with TBI
could account for this finding, in the current study, no evi-
dence for systematic under or over reporting of problems com-
pared to significant other report was observed. The level of
endorsement of everyday problems was equivalent between
self and other report. Furthermore, the self FSE was highly
correlated with the other FSE, in the entire sample, as well as
for the depressed and non-depressed groups separately.

Several unique features of the FSE are worth noting.
First, the FSE assesses injury-related change in what the
individual does in several domains of everyday function-
ing. Thus, this measure assesses what the person does, not
what the person is able to do, with particular emphasis on
the need for extra help performing daily activities. This
type of assessment is influenced by not only cognitive def-
icits, but also by emotional changes that may lead to reduced
motivation to perform everyday activities. The domains
assessed by the FSE are not specific to cognition, although
changes in cognition could certainly affect functioning in
the majority of domains, but also assesses changes in employ-
ment, financial independence, mobility, self-care, and so
forth. In short, whereas cognition is clearly an important
predictor of everyday functioning, one would not expect
cognition to account for all or even most of the variance in
the FSE. In order to fully predict everyday functioning across
multiple domains, a combination of variables, including
neuropsychological, emotional, premorbid, physical injury
sustained in the same accident, economic status, pain sever-
ity, and substance abuse (among others) would be neces-
sary. The fact that this study was able to account for
approximately one third of the variance in everyday func-
tioning with cognitive and emotional variables alone appears
quite reasonable.

The choice of criterion measure is critical in research on
the ecological validity of neuropsychological tests. In this
study, ecological validity was measured against self and
significant other ratings of functional ability in everyday
life, using the FSE. There are advantages and limitations of
this approach. The literature suggests that self-report is a
weaker measure of everyday cognitive performance than
clinician and informant ratings in neurologically impaired
individuals (Burgess et al., 1998; Chaytor & Schmitter-
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Edgecombe, 2003; Evans et al., 1997; Goldstein & McCue,
1995; Kaitaro et al., 1995; Sunderland et al., 1983), there-
fore we used significant other ratings, in addition to self-
report. As this study demonstrates, self-report is appropriate
in some contexts, although it may be less related to neuro-
psychological functioning in individuals who are depressed.

Of particular relevance to the current results, a recent
study found that self-report of perceived change in cogni-
tive functioning was related to documented changes in test
performance, although self-report was not related to abso-
lute levels of cognitive deficit (Christodoulou et al., 2005).
Our study used absolute level of neuropsychological per-
formance, which represents the combined effects of pre-
morbid ability level and the effects of the injury, to study
ecological validity. Perhaps use of different methods of infer-
ence to determine loss of function (Reitan & Wolfson, 1988)
and addressing the implications of such losses in combina-
tion with the demands imposed on the individual in per-
forming their everyday activities, as done in clinical
interpretations, may be more appropriate for examining the
ecological validity of neuropsychological measures.

It is important to emphasize that the current sample
included a representative group of patients with docu-
mented moderate to severe TBI and participants were not
assessed in a clinical context. Further, measures were taken
to ensure that the participant’s performance was minimally
influenced by external incentives that may be operative in
some clinical samples. In clinical contexts, patients may
present with undocumented injuries and may be involved in
compensation-related disability claims or may have other
financial incentives that could impact their neuropsycho-
logical performance, their self-report of depressive symp-
toms, and/or their self-report of everyday functioning. In
those situations, measures of symptom validity and corrob-
oration from more objective sources may be very important
when determining the accuracy of self-report data. Thus,
our results may not generalize to populations that are dis-
similar to ours in these important respects (i.e., involved in
litigation). Whereas self-report of everyday functioning was
closely related to significant other reports in our sample,
this may not be the case in some clinical settings. The patients
that are seen in a clinical context are likely very different
from the larger more representative population of individ-
uals with TBI. Whereas it is of course possible that individ-
ual participants in our sample put forth suboptimal effort or
exaggerated their symptomatology, we believe that this is
of less concern in our sample for the reasons outlined earlier.

Further, although we did not use measures of symptoms
validity in our study, we nonetheless found minimal differ-
ences in neuropsychological performance between those
reporting significant depressive symptoms and those who
did not. In some clinical samples, particularly those with
external incentives to perform poorly, symptom validity test-
ing may be necessary in order to accurately assess the effect
of depression on cognition. Thus, those who report depres-
sive symptoms may perform poorly on neuropsychological
measures because of poor effort rather than because of
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depression per se. Prior research has shown that there are
no significant cognitive effects of depression on test perfor-
mance in individuals putting forth adequate effort (Rohling
et al., 2002).

Although self and informant report is a practical, accepted
and the most commonly used method of assessment of every-
day functioning, more direct or performance based assess-
ments may circumvent some of the problems described
earlier. For example, Heaton et al. (2004) have employed
functional simulations in their work, such as standardized
assessment of medication management, cooking, and finan-
cial skills to examine the ecological validity of neuropsy-
chological measures. Examined by such methods,
neuropsychological measures appear to have very good eco-
logical validity (accounting for up to 44 % of the variance
in functional simulation performance; Heaton et al., 2004).
Neuropsychological measures (and to some extent simula-
tion tasks) perhaps represent what the individual can do,
but not what they will actually do. In contrast, self and
informant report measures such as the FSE may assess what
the individual actually does. Such measures also have the
advantage of assessing functioning in areas not easily
assessed in a simulation format, such as social and recre-
ational activities.

Whereas the CES-D has been shown to be an appropriate
measure of depression symptom severity in TBI samples
(Bush et al., 2004; McCauley et al., 2006) and has shown
adequate sensitivity and specificity in identifying individu-
als with DSM diagnosed depression in neurological patient
groups (Jones et al., 2005; Parikh et al., 1988), it is not
equivalent to a formal diagnosis of depression. Therefore,
the “depressed” patients in our sample may not meet all the
diagnostic criteria for major depressive disorder. As such,
the differences (or lack there of, in some cases) between the
depressed and non-depressed groups in the current study
may not generalize to traumatic brain injured individuals
with DSM-IV diagnosed major depressive disorder. Fur-
ther, whereas the CES-D has been validated in neurological
samples, this measure has been used more extensively in
populations without traumatic brain injuries. Therefore, its
use in the current study may represent a potential limita-
tion. It is important to note that the average CES-D score in
the depressed sample was 27.64 (SD = 8.33), compared to
7.32 (SD = 4.84) in the non depressed sample, suggesting
that the two groups differed substantially in the magnitude
of reported depressive symptoms.

Because the current sample was part of a larger interven-
tion study, it is possible that the results were affected by the
presence of magnesium sulfate. However, the magnesium
sulfate was only administered for 5 days after study enroll-
ment; whereas the cognitive, emotional, and functional data
was gathered 6 months post-injury, making it unlikely that
the drug had any effect on the current results. No relation-
ships were found between the presence of study drug and
depressive symptoms, functional status, or cognitive per-
formance. Thus, the current results appear unaffected by
the larger intervention study.
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CONCLUSION

In summary, the current study adds to the literature on the
ecological validity of neuropsychological assessment by
exploring the role of depressive symptoms when trying to
understand the complex relationship between cognitive test-
ing and real world functioning. The ecological validity of
the neuropsychological measures was equal in the depressed
and non-depressed groups when everyday functioning was
reported by a significant other. Self-report of everyday func-
tioning obtained from individuals experiencing symptoms
of depression may be less closely related to neuropsycho-
logical performance than significant other report is, although
the neuropsychological data obtained from these individu-
als does appear ecologically valid and the self-ratings appear
accurate. Further, the presence of depressive symptoms was
not strongly related to neuropsychological performance, con-
trary to some prior research, suggesting that cognitive def-
icits on neuropsychological testing may not be attributable
to depressive symptoms in patients with TBI.
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