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rediction of Return to Productivity After Severe Traumatic
rain Injury: Investigations of Optimal Neuropsychological
ests and Timing of Assessment
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ABSTRACT. Green RE, Colella B, Hebert DA, Bayley M,
ang HS, Till C, Monette G. Prediction of return to produc-

ivity after severe traumatic brain injury: investigations of
ptimal neuropsychological tests and timing of assessment.
rch Phys Med Rehabil 2008;89(12 Suppl 2):S51-60.

Objectives: (1) To examine predictive validity of global
europsychological performance, and performance on timed
ests (controlling for manual motor function) and untimed tests,
ncluding attention, memory, executive function, on return to
roductivity at 1 year after traumatic brain injury (TBI). (2) To
ompare predictive validity at 8 weeks versus 5 months postin-
ury. (3) To examine predictive validity of early degree of
ecovery (8wk–5mo postinjury) for return to productivity.

Design: Longitudinal, within subjects.
Setting: Inpatient neurorehabilitation and community.
Participants: Patients (N�63) with moderate to severe TBI.
Interventions: Not applicable.
Main Outcome Measures: Primary outcome: return to pro-

uctivity at 1 year postinjury. Primary predictors: neuropsy-
hological composite scores. Control variables: posttraumatic
mnesia, acute care length of stay (LOS), Glasgow Coma Scale
core, age, and estimated premorbid intelligence quotient.

Results: Return to productivity was significantly correlated
ith global neuropsychological performance at 5 months
ostinjury (P�.05) and showed a trend toward significance at
weeks. Performance on the untimed composite score, and
ore specifically executive and memory functions, mirrored

his pattern. Logical Memory performance significantly pre-
icted return to productivity, but not other memory tests.
imed tests showed no significance or trend at either time
oint. Early degree of recovery did not predict return to pro-
uctivity. Among control variables, only acute care LOS was
redictive of return to productivity.
Conclusions: Findings validate utility of early neuropsycho-

ogical assessment for predicting later return to productivity.
hey also provide more precise information regarding the
ptimal timing and test type: results support testing at 5 months
ostinjury on untimed tests (memory and executive function),
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ut not simple attention or speed of mental processing. Find-
ngs are discussed with reference to previous literature.
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ODERATE AND SEVERE TBI are associated with cog-
nitive, physical, and emotional impairments that can

mpede one’s ability to engage in productive activities, such as
ork, school, parenting, and leisure pursuits. One of the more
rgent early questions of brain-injured persons and their family
embers is whether return to prior activities will be possible.
owever, because of the variability across brain injuries and

he wide range of factors that influence return to prior activi-
ies, our ability to predict accurately such clinical outcomes is
imited, despite extensive research to date.

Indeed, the literature examining prediction of func-
ional outcome is vast. The many predictors that have been
xamined fall largely into 1 of 2 categories: injury-related
ariables, such as severity of injury,1-10 mechanism of in-
ury,10-17 and cognitive impairment,9,18-33 and demographic/
remorbid variables, such as age,1,3,6,10,34-39 educa-
ion,1,3,4,7,34,36-38,40 and preinjury employment.3,32,40-46 The
unctional outcomes predicted by these variables are most
requently measured with broad composite scales, such as
he FIM1,2,7,35,39,42,47-50 and the GOS,1,4,5,6,10,36,51-54 among

variety of others.1-3,7,13,15-17,35,39,44,50,55-62 Many of these
lobal assessment tools are widely employed clinically, mak-
ng them good candidates for retrospective studies. Moreover,
heir frequent use in the literature facilitates cross-study com-
arison. However, the limited sensitivity of these measures—
articularly to the more subtle deficits that persist in the later
tages of recovery55,63,64—likely explains some of the discrep-
ncies in the literature, where significant associations are found
etween a given predictor and an outcome (eg, age and the
ommunity Integration Questionnaire) in some studies,11,21,59,61

ut not others.3,44

A more specific functional outcome measure—for which
utcome prediction becomes more reliable the further from

List of Abbreviations

GCS Glasgow Coma Scale
GOS Glasgow Outcome Scale
LOS length of stay
NAART North American Adult Reading Test
PTA posttraumatic amnesia
RAVLT Rey Auditory Verbal Learning Test
RTW return to work
RVDLT Rey Visual Design Learning Test
TBI traumatic brain injury

WTAR Wechsler Test of Adult Reading
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A

njury—is return to work,3,7,37-39,44,65-68 where the passage of
ime allows for differences in recovery rates to exert less of an
nfluence on outcome. In addition to the obvious financial
enefits, returning to paid employment has been shown to
mprove motivation to integrate back into society, increase the
pportunity for social interaction, enhance self-esteem and
erceived status, and even reduce the likelihood of secondary
omplications such as physical disability and substance
buse.69,70 An increased interest in RTW in recent years has
een noted by Shames et al,71 who attribute this in part to a
hange in the World Health Organization’s International Clas-
ification of Functioning, Disability and Health, where RTW
as included as a key component of rehabilitation in 2001.71

ne limitation of RTW as a clinical outcome measure, though,
s that it does not subsume clinically and personally relevant
ocational and avocational activities, such as parenting, leisure
ursuits, and school. Ascertaining such premorbid productivity
nformation, against which to compare postinjury return to
roductivity, is not straightforward because of the need for an
vailable, reliable historian. Nonetheless, a small number of
ecent studies have been able to examine return to productivity
fter TBI.68

Although RTW and return to productivity are more reliable
utcome measures than composite scales such as the FIM and
OS, prediction studies have still shown inconsistencies. For

xample, many studies employing demographic predictors
ave shown significantly better outcomes with younger
ge,25,29,37,39,45,46,72-77 but a number have not.12,23,44,65,78,79

ome studies have shown positive correlations with higher
ncome,23 lower preinjury education level,12,32,37,46,66,74,80,81

nd lower preinjury substance use,12,16,82 but, again, conflicting
ndings have been observed.44 With regard to injury-related
redictors, previous studies have demonstrated that, overall,
njury severity is an important predictor of RTW and return to
roductivity3,7,8,15,19-21,31-33,37-39,48,60,83-84; however, many studies
ave found weak or no evidence of an association between RTW/
eturn to productivity and length of coma, depth of coma (as
easured by the GCS), or length of PTA,15,37,44,45,76,80,84 although

ength of coma and length of PTA are consistently found to be
tronger predictors of outcome than GCS.19-21,29,72,81,84,85

Inconsistencies across studies may be attributable, in part, to
ifferences in the quality of predictor variable data across
tudies. For example, length of coma and length of PTA are
ften unrecorded,3,44,73,86 resulting in high rates of missing data
n studies.3,73,86 GCS scores may be confounded by intoxica-
ion at time of injury,87,88 which is prevalent but unreliably
eported in medical records.86-88 Moreover, the collection of
hese variables is not required to be undertaken in a fully
tandardized fashion by a trained clinician, which can itself
ffect the reliability of data. Finally, these injury severity
cores are only indirectly related to functional outcome; thus,
ariance accounted for would logically be limited.
There is a growing literature examining the relationship

etween neuropsychological test performance and RTW or
eturn to productivity.9,18-33 Cognitive predictors are injury-
elated, but have the advantage of being more directly related
o functioning (eg, school and most jobs require a minimum
evel of attention and memory). Neuropsychological tests re-
uire standardized administration, and many neuropsycholog-
cal tests require administration by trained examiners under
xpert supervision. It is therefore not surprising that correla-
ions between cognitive functions and RTW and return to
roductivity have been observed not only in studies of concur-
ent correlation,76,89-93 but also in studies employing clinically
aluable predictive designs, where neuropsychological assess-

ent has been conducted at 6 months or earlier.9,18,20,23,25-28,30-32 t

rch Phys Med Rehabil Vol 89, Suppl 2, December 2008
herer et al,32 for example, found a significant contribution to
eturn to productivity at 1 year postinjury of neuropsycholog-
cal testing conducted on resolution of PTA.

The cognitive functions that have been most strongly asso-
iated with RTW or return to productivity are speed of pro-
essing,9,12,23,24,26,27,29,33 memory,12,18,20,22,24,27,31 and intellec-
ual status.12,19,23,33,79,93,94 However, as with other predictor
ariables, some inconsistencies have been observed. For ex-
mple, regarding memory function, Dawson et al20 found that
ecovery of memory during acute care (3 words at 24 hours)
as the sole predictor of return to productivity at 4 years
ostinjury.20 Boake et al18 found that all 3 memory tests
mployed in their study (ie, Logical Memory Immediate and
elayed Recall; RAVLT) significantly predicted return to pro-
uctivity. Cifu et al31 found that memory (Logical Memory
elayed Recall) was the only domain among several examined

hat predicted later return to productivity. On the other hand,
assovsky et al9 observed no mediating effect of memory
erformance (at 6 months postinjury) for injury severity and
TW (at 1 year postinjury), and in an earlier study, Fraser27

howed a relationship between return to productivity and a
ange of cognitive functions, with the exception of memory
and problem-solving). Critical differences across studies in the
umber and type of memory tests and subtests, as well as in the
njury severity and demographic control variables employed,
ikely explain some of these discrepancies. Speed of processing
lso has shown disparate findings, with most studies demon-
trating significant predictive validity of early cognitive pro-
essing speed for later return to productivity,9,32 but a small
umber of studies showing no relationship.18,31 Lack of control
or manual motor impairments across studies (either orthopedic
r centrally mediated) may explain observed disparities. An-
ther important methodologic difference across these studies, as
ell as the wider literature on prediction of return to productivity,

oncerns sample bias. For example, some studies have employed
etrospective designs,3,19,22,65,66,79,93,95,96 which are more vulner-
ble to sample bias as well as constraints on choice of predictor
nd outcome measures. Others studies have employed prospec-
ive designs, though it should be noted that even large, multisite
rospective studies using database registries have been vulner-
ble to selective attrition and consequent sample bias, with
ttrition rates reaching upwards of 75% in some stud-
es.31,46,76,97,98

Given the clinical value of predicting return to productivity,
he important findings to date, but also the inconsistencies of
ast research, further research is clearly warranted. In the
urrent study, we attempted to build on the strengths of previ-
us research, to obviate past methodologic limitations, and to
ddress some novel questions. We recruited patients prospec-
ively from a large, urban neurorehabilitation facility where we
ad the opportunity to follow every patient clinically over the
ourse of the study, providing clinical assessment and feedback
t each assessment. Consequently, recruitment and retention
ere high, which minimized threat to reliability from sample
ias. Family involvement in the study was extensive; therefore,
ccess to reliable historians was available, and it was possible
o obtain very specific premorbid and current information re-
arding roles and activities. As well, we had full control over
ur choice, timing, and collection of predictor and outcome
ariables.
We examined early neuropsychological performance as a

redictor of return to productivity at 1 year postinjury, com-
aring the predictive validity of neuropsychological perfor-
ance at 8 weeks postinjury with performance at 5 months

ostinjury. To our knowledge, no studies have compared more

han 1 early subacute neuropsychological assessment within
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S53RETURN TO PRODUCTIVITY, Green
he same study in the prediction of return to productivity, and
nly 1 study has examined RTW: Spikman et al99 found that
rom a battery of attention, speed of processing, and executive
unction tests, only early performance on the Stroop Color-

ord test (a timed test of selective attention) predicted RTW at
to 5 years postinjury. However, the variable accounted for

nly a small amount of variance. A determination of the
ptimum earliest time point at which to assess cognitive func-
ioning in order to predict return to productivity reliably, along
ith an understanding of which tests are most predictive,
ould be of marked clinical and practical utility. Indeed, only
handful of studies have examined early cognitive assessment

nd later return to work (see Sherer et al32 for review).
We also examined whether the degree of early subacute

ecovery (8wk–5mo postinjury) was a better predictor of out-
ome than performance level at either of the 2 time points.
gain, only the study by Spikman99 has addressed this ques-

ion, to our knowledge, and specifically for RTW rather than
eturn to productivity. They found a circumscribed and small
ffect: that early recovery across the first and third occasion of
esting (�1–6mo postinjury) on the Stroop Color-Word test
as predictive of 2-year to 5-year RTW. It is clinically intui-

ive that a rapid early recovery would predict a better produc-
ivity outcome than a slow early recovery. However, this ques-
ion has had only minimal empirical investigation and there is
cope for misinforming patients if this intuitively compelling
ossibility is actually incorrect.
At each time point, we examined global neuropsychological

erformance on a composite of cognitive tests from a range of
ognitive domains that are commonly disrupted in TBI. Al-
hough a large cognitive battery offers the advantage of in-
reased reliability, a more parsimonious battery offers greater
easibility. We therefore subdivided the global composite into
timed test aggregate made up of tests of simple and complex

peed of processing, and an untimed test aggregate made up of
ests of memory, attention, and executive function. We also
xamined a series of demographic and injury control variables
o identify any variables that might account for significant
eturn to productivity outcome variance, and that would be
ncluded in analyses.

Previous studies have identified both timed and untimed tests
s predictors of RTW and return to productivity. We were
nterested in distinguishing timed from untimed processing for
everal reasons. First, speed of processing is arguably the most
biquitous and persisting complaint after moderate and severe
BI.100 Second, whether speed of processing should be disrup-

ive to return to productivity is not self-evident. While many
ctivities involve time constraints, speed of processing impair-
ents can be compensated for by allotting extra time to com-

lete activities. Last, previous studies examining speed of
rocessing as a predictor of return to productivity have em-
loyed tasks with manual motor demands, without any reported
ontrol for central or orthopedic injuries to motor function; in
study,9 3 of 4 speed of processing tests had manual motor

equirements, for example. Consequently, it has not been clear
ow much outcome variance in these studies might be attrib-
ted to persisting peripheral or central motor damage. In the
resent study, we employed tests of speed of processing with-
ut manual motor demands or where the contribution of man-
al motor function/dysfunction could be parceled out using a
ubtraction approach (eg, Trail Making Test Part B minus Trail
aking Test Part A).
Finally, in addition to multivariate logistic regression models

o examine global predictor (timed vs untimed) and control
ariables, we also conducted nested regression analyses of the

maller cognitive domains, focusing in particular on memory a
ecause of the ubiquitous, but also conflicting findings in this
omain. Here, we examined the respective contributions of
emory for verbal information (organized and unorganized),

nd memory for visuospatial (unorganized) material.
In summary, we used regression models to identify relevant

ontrol variables, and then examined the predictive validity of
ognitive performance for return to productivity at 1 year,
omparing 2 early, subacute time points and also using early
egree of recovery as a predictor. Composite scores of clini-
ally meaningful domains (eg, timed test aggregate, memory
est aggregate) were used; these provide greater reliability than
ndividual test performances, but have been little used in pre-
ious studies. We re-examined speed of processing—a predic-
or with somewhat inconsistent previous findings—controlling
or motor impairments that may have confounded previous
esearch. In addition, we examined memory using two ap-
roaches to analysis (aggregate, individual test contributions)
n order to explain previous inconsistencies with this variable.

METHODS
The study protocol was approved by the research ethics

oard at the Toronto Rehabilitation Institute, and the proce-
ures of the study were in accordance with the standards of the
esearch ethics board.

articipants
The 63 patients with TBI in this study were part of a larger

tudy conducted at the Neurorehabilitation Program of the
oronto Rehabilitation Institute investigating the natural his-

ory and mechanisms of cognitive and motor recovery after
BI. The neurorehabilitation program has a province-wide
atchment area, is located in an urban center, and sees patients
oth with and without motor vehicle or private insurance.
herefore, there is a wide range of socioeconomic status and
thnicities represented in the program. Participants in the larger
tudy underwent prospective neuropsychological assessments
t 1 to 3 months postinjury, 3.5 to 5.5 months postinjury, and
1 to 13 months postinjury and met the following inclusion
riteria: (1) acute care medical diagnosis of TBI, (2) PTA 1
our or more and/or GCS of 12 or less either at emergency or
he scene of accident and/or positive computed tomography or
agnetic resonance imaging findings, (3) age between 17 and

0 years, (4) ability to follow simple commands in English
ased on speech language pathologist intake assessment, and
5) competency to provide informed consent for study or avail-
bility of a legal decision-maker.

Exclusion criteria included the following: (1) orthopedic
njuries affecting both upper extremities; (2) diseases primarily
r frequently affecting the central nervous system, including
ementia of Alzheimer type, Parkinson’s disease, multiple
clerosis, Huntington’s disease, lupus, and stroke; (3) history of
sychotic disorder; (4) not emerged from PTA by 6 weeks
ostinjury, as measured by the Galveston Orientation Amnesia
est101; (5) TBI secondary to another neurologic event (eg, a

all caused by stroke); and (6) failure on a symptom validity
est (Test of Memory Malingering)102 at any of the assess-
ents.
Participants were eligible for the current study if they were

t least 1 year postinjury. Of a total of 70 eligible participants
rom the larger study, 5 could not be reached at 1 year postin-
ury, and 2 declined to participate. The sample therefore in-
luded 63 participants, representing a 90% retention rate.

Table 1 shows the demographic and injury characteristics of
he study sample. The study sample was severely impaired on

verage, with a typically high ratio of male to female subjects,

Arch Phys Med Rehabil Vol 89, Suppl 2, December 2008
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A

nd with the most frequent cause of injury being motor vehicle
ollisions.

aterials
Predictor variables: neuropsychological test aggregates. All

f the tests were selected based on a priori clinical and exper-
mental consensus regarding the cognitive domains most af-
ected by TBI,100 and on their known validity and reliability for
BI. Cognitive domains assessed included executive function

working memory and abstract intellectual functioning)103-105;
ttention span106; speed of processing100,107,108; verbal and
isuospatial learning, recall, and recognition100,106; and verbal
ntellectual function104,105 (see table 2 for a list of neuropsy-
hological tests and the functions they measure). None of the
europsychological tests have appreciable floor or ceiling ef-
ects for patients with moderate to severe TBI. Tests with
lternate forms were administered on repeat testing to mini-
ize practice effects.
Classification of tests into aggregates was based on known

linical classifications and expert knowledge. The main aggre-
ate was a global neuropsychological aggregate, made up of all
europsychological tests in the battery (see table 2). This
ggregate was then subdivided into timed tests and untimed
ests, with the former composed of measures of simple and
omplex speed of processing (ie, parallel processing or speed

Table 1: Injury and Demographic Characteristics of Sample
(N�63)

Variable Proportion Range

Age (y) 36.98�14.91 17–79
Education (y) 12.84�2.75 8–21
Premorbid intelligence quotient (n�58) 99.93�12.90 78–124
Sex (% male/female) 82.5/17.5
Socioeconomic status (%) (based on

Hollingshead Classification)
1 (Major business/professional) 11.1
2 (Medium business/minor professional,

technical) 38.1
3 (Skilled craftsperson, clerical, sales

worker) 19.0
4 (Machine operator, semiskilled worker) 30.2
5 (Unskilled laborer, menial service

worker) 1.6
Type of injury (%)

Motor vehicle collision 58.7
Fall 30.2
Assault 7.9
Sports injury 3.2

Acute care LOS 37.10�16.45 9–88
GCS (lowest of recorded scores) 6.77�3.43 2–13
Mild (13–15) (%) 11.1
Moderate (9–12) (%) 15.9
Severe (�8) (%) 63.5
Missing data (%) 9.5

Length of PTA (%)
�5min (very mild) 3.2
1–24h (moderate) 1.6
1–7d (severe) 21.0
1–4wk (very severe) 40.3
�4wk (extremely severe) 11.3
Missing data 22.6

OTE. Values are means � SDs unless otherwise noted.
f decision-making) and the latter composed of untimed tests

rch Phys Med Rehabil Vol 89, Suppl 2, December 2008
f attention, executive function, and verbal and visuospatial
emory, for both organized and unorganized material.
In order to avoid contamination of findings by orthopedic

njury or central motor deficits, all timed tests either did not
ave manual motor demands or had motor contributions par-
eled out through a subtraction method (eg, Trail-Making Test
art B minus Trail-Making Test Part A). The battery required
to 2.5 hours to administer on average.
Control variables: preinjury demographic characteristics

nd injury severity variables. Information about age, produc-
ivity, and highest level of education attained was collected
uring a structured interview from patients, and corroborated
y caregivers where necessary. Estimated premorbid intelli-
ence quotient was estimated for each participant using the
TAR109or the NAART.110 (Note that for the larger study

rom which participants were drawn, the NAART was replaced
y the WTAR, which has been shown to demonstrate good
sychometric properties for this population.111)

Information about severity of injury (ie, GCS, PTA, acute
are LOS) was abstracted from the rehabilitation hospital
ecords wherever possible. Where information related to PTA
as not recorded in the medical record, questioning of the
atient and caregivers was undertaken during a structured

Table 2: Neuropsychological Assessment Battery

Aggregate Cognitive Domain and Test

Untimed SIMPLE ATTENTION: Auditory-verbal and
visuospatial span forwards106

EXECUTIVE FUNCTION (WORKING MEMORY):
Auditory-verbal and visuospatial span
backwards106

EXECUTIVE FUNCTION (VERBAL ABSTRACTION):
Similarities Test (Wechsler Adult Intelligence
Scale-III and Wechsler Abbreviated Scale of
Intelligence)104,105

MEMORY VERBAL (UNORGANIZED): Rey Auditory
Verbal Learning Test: total learning, immediate
and delayed recall, recognition subtests100

MEMORY NONVERBAL (UNORGANIZED): Rey Visual
Design Learning Test: total learning and
recognition subtests100

MEMORY VERBAL (ORGANIZED): Logical Memory
(Wechsler Memory Scale-III)106: immediate and
delayed recall

Timed SPEED OF PROCESSING: SIMPLE: Stroop Test:
Speeded word reading and speeded color naming
subtests108

SPEED OF PROCESSING: COMPLEX:
Symbol Digit Modalities Test-Oral107 (speeded

pairing of visual symbols with digits with
responses given orally)

Hayling Sentence Completion Test (modified for
computer administration): congruent minus
incongruent conditions103 (speeded oral
generation of words, either congruent or
incongruent with a series of target words)

Choice reaction time minus simple reaction time
(speeded, psychomotor tests of decision making
and simple response to stimulus)

Trail Making Test Part B100 minus Trail Making Test
Part A100 (speeded visual scanning and attention
and set shifting [B] and speeded visual scanning

and attention [A]; both psychomotor tasks)
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nterview to ascertain length of PTA. PTA was described
ccording to the classification described by Lezak et al.100

cute care LOS was calculated from admission and discharge
ates from the acute care hospital.
Outcome variable: return to productivity. A dichotomous

lassification of return to productivity was made for all pa-
ients. Activities included paid employment (full or part-time),
olunteer employment, school, parenting, home-making, and
ctive retirement (ie, participation in cultural and physical
ctivities). Information on premorbid and current activities was
ollected from patients and corroborated by caregivers. Two
rained clinicians ascertained the match, or lack thereof, be-
ween current and previous level of productivity. In all cases,
lear consensus was reached, with patients either returning to
rior type and level of productivity or not.

esign and Procedures
The study employed a prospective, repeated-measures de-

ign. During the neuropsychological assessments at time 1
8.0�2.7 weeks postinjury) and time 2 (4.8�1.2 months
ostinjury), a clinical interview of the patient was followed by
he neuropsychological assessment, which was followed by a
linical feedback session with the patient and family/profes-
ional caregivers. Detailed information concerning premorbid
ole and activities was collected in the interview and feedback
t the time 1 assessment from patients and their caregivers.
eturn to productivity information was collected in person at 1
ear postinjury.
The neuropsychological test battery was divided into 5

locks of tests, with a fixed order of tests within each block,
nd with test blocks counterbalanced across subjects (but con-
istent within subjects across assessments). The battery was
esigned to minimize interference between tests (eg, the verbal
emory tests contained nonverbal tests between learning and

elayed-recall phases). Test blocks were matched as much as
ossible for the number of timed tests and effortful tests. Each
lock contained a maximum of 1 memory test. Alternate forms,
sed to minimize practice effects, were counterbalanced
cross subjects.

ata Analysis
All raw test scores obtained from standardized neuropsycho-

ogical measures were transformed into normative scores using
ublished normative data for the test. Cognitive test scores
ere transformed to a common metric and combined into

arger aggregates in order to increase reliability and maximize
ower; there was insufficient sample size to allow for an
xamination of every test of cognitive functioning. To combine
he tests, each test with normative data was converted to a z
core using external standardization. (Percentile norms were
onverted to z scores by using the normative score correspond-
ng to the percentile.) To combine tests without normative data,
e used the means and SDs of the tests in the later stages of

ecovery (ie, 5mo and 1y postinjury) to generate a z score. The
scores for the tests in a common aggregate were then added,
nd the sum restandardized using an estimated SD derived
rom the empirical correlations between the tests.

Logistic regression models were then undertaken. To build
ur models, we took a conservative approach based on our
ample size and knowledge of factors that might influence
utcome. First, logistic regression models regressing return to
roductivity on each of the control variables in separate regres-
ion models were carried out in order to determine which
ould be included as control variables in the cognitive models.

ased on findings from previous studies, variables examined p
ere acute care LOS, premorbid intelligence quotient, age,
ears of education, GCS, and length of PTA. Only acute care
OS was significantly related to return to productivity; it was

herefore included in the subsequent models. For each aggre-
ate, separate logistic regressions on the time 1 results, on the
ime 2 results, and, finally, on the improvement (recovery)
rom time 1 to time 2 were conducted to study whether any of
hese significantly predicted return to productivity at the end of

year postinjury.
Analyses were performed with the R Programming Lan-

uage version 2.6.2.a

RESULTS
Classification of participants into those who did versus did

ot return to prior level of productivity revealed that 30.2% (or
9 subjects) had returned to their prior level of productivity by
year postinjury, whereas 69.8% participants (44 subjects) had
ot.
Early recovery as a predictor of outcome. Recovery of

ognitive function (ie, change in performance from time 1 to
ime 2) did not significantly predict return to productivity for
ny of the aggregates nor show a trend toward significance.
herefore, this variable is not discussed further in the Results
ection.

All cognitive tests. Global neuropsychological perfor-
ance at time 2 significantly predicted return to productivity at
year (��0.940, z51�2.135, P�.05, estimate of SE�0.44). At

ime 1, this aggregate did not significantly predict return to
roductivity; however, a trend toward significance was ob-
erved (��0.53, z51�1.69, P�.09, estimate of SE�0.31).

Timed neuropsychological tests. In contrast to the findings
f global neuropsychological testing, no significant effects or
ffects approaching significance were observed at either time 2
��0.47, z52�1.16, P�.25, estimate of SE�0.41) or time 1
��0.36, z49�1.04, P�.30, estimate of SE�0.35). In order to
nsure that we were not masking an effect of 1 subdomain by
nother, we examined simple versus complex subaggregates
eparately. However, again, no significant effect or trend to-
ard significance was observed at either time 1 or time 2 for

ither of these timed subaggregates.
Untimed neuropsychological tests. Findings from these

nalyses mirrored those of the global aggregate and suggested
hat outcome variance for the global aggregate was likely
ttributable largely to this domain. At time 2, this aggregate
ignificantly predicted return to productivity (��0.95,
51�2.18, P�.05, estimate of SE�0.43) and showed a trend at
ime 1 (��0.53, z51�1.71, P�.09, estimate of SE�0.31).

In order to understand better the source of outcome variance
t time 2, the 3 smaller aggregates were examined. Memory
erformance significantly predicted return to productivity
��0.98, z51�2.15, P�.05, estimate of SE�0.45). In more
ne-grained, separate analyses for each of the 3 memory recall

ests: Logical Memory (immediate plus delayed recall) signif-
cantly predicted return to productivity (��0.70, z51�1.97,
�.05, estimate of SE�0.35). RAVLT (total learning plus
hort delay recall plus long-delay recall) showed a trend toward
ignificance (��0.49, z51�1.70, P�.09, estimate of
E�0.29). RVDLT (total learning) showed no significant ef-
ect or trend toward significance: (��0.31, z51�1.48, P�.14,
stimate of SE�0.21). For discrimination (RAVLT plus
VDLT recognition hits minus false alarms), a trend toward

ignificance was observed (��0.80, z51�1.87, P�.06, esti-
ate of SE�0.43).
We next examined the contribution of executive function

nd attention span subaggregates to the prediction of return to

roductivity. While attention span at time 2 did not show

Arch Phys Med Rehabil Vol 89, Suppl 2, December 2008
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vidence of predictive validity for return to productivity (��–
.11, z52�–0.38, P�.70, estimated SE�0.30), executive func-
ion significantly predicted return to productivity (��0.89,
51�2.24, P�.05, estimated SE�.040).

DISCUSSION
We examined the predictive validity of early cognitive per-

ormance after moderate and severe brain injury for return to
rior level of productivity at 1 year postinjury while controlling
or severity of injury. We found that prediction of return to
roductivity was stronger at 5 months postinjury than at 8
eeks postinjury, and that while performance on global neu-

opsychological functioning significantly predicted return to
roductivity, untimed tests rather than tests of speed of pro-
essing appeared to account for the outcome variance. More
pecifically, memory function (both as a composite measure)
nd individually for Logical Memory (but not RAVLT or
VDLT) at 5 months postinjury significantly predicted return

o productivity at 1 year, as did executive function, but not
ttention span. We found no evidence that early degree of
ecovery was predictive of eventual return to productivity.

Return to productivity, particularly employment, is highly
alued by society.32 Our ability to predict whether or not TBI
urvivors can return to their prior type and level of productivity
s critically important for clinical and economic planning, as
ell as the process of adjustment to disability for patients and

heir families. Our findings validate the utility of neuropsycho-
ogical testing to predict return to prior type and level of
roductivity, and shed more light on the timing and type of
ests that are most and least predictive for return to produc-
ivity.

The current results differ slightly from previous studies. As
n our study, Rassovsky et al9 (at 6 months postinjury) found
hat cognitive deficits significantly influenced return to produc-
ivity in a study using structural equation modeling to explore
ediators of the relationship between severity of injury and

eturn to productivity at 1 year postinjury. However, they
bserved that speed of processing, but not memory (using the
AVLT), accounted for significant outcome variance. This
iscrepancy may be explained by the outcome measures em-
loyed. Using a more reliable index of memory comprising
ultiple tests, memory predicted return to productivity in our

tudy. As well, we found that RAVLT contributed less out-
ome variance to return to productivity than Logical Memory.
rguably, Logical Memory (a measure of story recall) has
reater ecologic validity than RAVLT (a test requiring the
ecall of a list of 15 words presented in an unorganized fash-
on). Most verbal information in everyday life is presented in a
ore meaningful, structured manner (eg, stories, tasks, anec-

otes). In addition, in everyday life, there may be greater
xpectation and less accommodation for persons to learn and
etain this type of information: the inability to recall a personal
necdote, a short story, the contents of a movie, or the elements
f a structured task might be quite debilitating in many settings
nd therefore highly predictive of success or failure. On the
ther hand, in circumstances in which a long list of unorga-
ized information is presented (eg, a task with many unrelated
teps), there might be greater tolerance for and accommodation
f compensatory aids to be used, like note-taking. Thus, ability
o recall this type of information may be less closely tied to
uccess in returning to prior activities. We did not find any
vidence for the predictive validity of visual memory. How-
ver, nonverbal memory might play a predictive role for the
eturn to some kinds of activities that depend more heavily on
emory for visual information.33 It would be of value for
uture research to examine larger samples that would enable i

rch Phys Med Rehabil Vol 89, Suppl 2, December 2008
ubgroups analyses; in this way, activities that specifically
epend on visual memory (eg, engineering, taxi-driving, archi-
ecture, designing) could be separately examined.

With regard to timed tests, a critical difference between the
urrent study and that of Rassovsky9 among others that found
redictive validity of speed of processing32,99 was that we
esigned the present study to minimize the contribution of
anual motor capacity in order to avert contamination from
anual motor dysfunction. The timed tests either had no man-

al motor demands or allowed for the use of a subtraction
echnique to parcel out motor contributions. In the Rassovsky9

tudy, for example, 3 of 4 tests had manual motor demands,
nd orthopedic injury, a common occurrence in TBI, was not
n exclusion criterion. By 6 months postinjury, the time of
ssessment in their study, acute effects of orthopedic injury
ould have resolved; but many patients can have persisting
eakness, pain, and slowness associated with orthopedic

njury,112,113 and there was no evidence presented to rule out
he persistence of centrally mediated motor impairments at 6
onths postinjury. Consequently, the relationship between

peed of processing and return to productivity in past studies
ould be attributable to manual motor factors (either orthopedic
r central), rather than speed of mental processing per se. Why
ight there be a lack of correlation between speed of process-

ng and return to productivity? One possibility is that there are
traightforward, self-evident adaptations that can accommodate
lower speed of processing, such as planning and allocating
ore time for tasks/activities. In many jobs, staying late at
ork or taking work home is possible. For school, studying for

onger hours is within the control of the student. Active retire-
ent activities (eg, cultural, gardening) are not obviously im-

eded by slower speed. Because speed of processing impair-
ent is so prevalent even many years postinjury, a lack of

orrelation between speed of processing impairments and re-
urn to productivity would be a welcome outcome. Further
esearch with a larger sample size, similarly low attrition, and
imilar controls for manual motor impairment would be clini-
ally valuable.

Our results also differed somewhat from those of Sherer
t al,32 who found that 1-month performance predicted 1-year
ostinjury vocational outcome. We found only trends toward
ignificance at our early time point. One explanation is that the
herer32 study had more power because of its larger sample
ize. Another explanation is that in the current study, while
ttrition was only 10%, the attrition rate in the Sherer32 study,
hich was a larger, multisite study, was greater than two thirds.
herefore, it is possible that their study was vulnerable to
elective attrition, rendering the sample biased. For example, it
s possible that those with milder impairments and greater
ndependence and/or those with more severe impairments and
oorer outcomes (with greater need of support) were more able
r motivated to return for follow-up examination.
Finally, we did not find any evidence that early, subacute

ecovery from time 1 to time 2 was predictive of return to
roductivity, in contrast with Spikment et al,99who found that
arly recovery (1–6mo postinjury only) accounted for a small
ut significant amount of outcome variance for RTW. From a
linical point of view, it is an intuitively appealing possibility
hat a good early recovery bodes well for the future and that
onversely, a slow early recovery bodes poorly. On the basis of
hese 2 studies, it would appear that degree of early recovery is
ot a robust prognosticator of RTW/return to productivity. If
his interpretation is verified in future research, then it would be

mportant for clinicians to avoid such an assumption.
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tudy Limitations
The current study was limited in its power because of sample

ize. Greater power would have allowed for a more nuanced
nalysis of the contributions to outcome variance of individual
ests. It would have also allowed for subgroup analyses of
atients returning to different types of activities that might have
een differentially affected by cognitive tests. As well, while
nly acute care LOS predicted return to productivity, it is
ossible that interactions between control variables may have
ad an impact on return to productivity. Again, a more pow-
rful model would have included all control variables and
ossible suppressor variables within the model. Similarly,
hile it was necessary to conduct separate regression analyses

o examine aggregates, greater power would have permitted the
xamination of all aggregates within the same model. The
bsence of significance at 8 weeks postinjury may also be
xplained by a dearth of power, especially because we ob-
erved trends toward significance for some variables. Knowing
hether earlier performance is predictive of return to produc-

ivity would be clinically valuable. In this regard, while we
ecided that reliable change indices were beyond the scope of
his study, future research might include this level of analysis
o determine whether variables are predictive at the individual
s well as group levels.

An additional limitation of the current study is the differ-
nces in task demands of the tests in the timed and untimed
ggregates. Thus, factors other than speed of processing may
ave differed across the aggregates. A better means of inves-
igating the impact of speed of processing on return to produc-
ivity would be to have timed versus untimed analogs of the
ame tasks.

In the present study, we did not find a relationship between
egree of early recovery and return to productivity. Because a
igher level of initial performance leaves less room for recov-
ry, the absence of an observed relationship may have been
artially attributable to this factor if acute care LOS did not
ully control for severity of injury. Again, further research with
ore powerful statistical models would help to minimize this

imitation.
In examining the predictive validity of early neuropsycho-

ogical testing, one cannot escape the alternative interpretation
f the findings that differences in findings across tests may be
xplained by differences in recovery rates of tests. For exam-
le, if speed of processing and attention span impairments
ecover more quickly or more completely than memory and
xecutive function deficits, this would provide an alternative
xplanation of the lack of correlation between the former
omains and return to productivity. This explanation is ren-
ered less likely by the finding that speed of processing recov-
rs more slowly than other cognitive functions, however.100

Finally, our results cannot be generalized to patients with the
ost severe impairments because we employed as an exclusion

riterion patients whose PTA had not resolved by 6 weeks
ostinjury.

CONCLUSIONS
The current study replicates previous research demonstrating

hat early neuropsychological testing is a useful predictor of
eturn to productivity at 1 year. Our results extend previous
ndings by indicating that testing at 5 months postinjury is
ore effective at predicting return to productivity than testing

t 8 weeks postinjury. However, further research with a larger
ample size would be valuable to confirm or disconfirm this
nding and, moreover, to ask the more nuanced question of

hether earlier neuropsychological testing might be predictive
f later return to productivity for specific subgroups of people
ith TBI (eg, those with milder injuries). Our results also

xtend previous research by suggesting that a more parsimo-
ious battery based on untimed tests—rather than a compre-
ensive neuropsychological battery—may allow for effective
rediction of return to productivity. In particular, our findings
ndicate that an optimal test battery would be made up of (1)
ither a variety of memory tests or several tests of verbal
emory for organized information (such as Logical Memory)

nd (2) tests of executive function. Also of clinical relevance
as the finding that the magnitude of early recovery did not

ppear to be a useful predictor of return to productivity; if
uture research confirms this finding, it will be important for
linicians not to speculate on future outcomes based on early
ecovery. Finally, our results suggest that speed of process-
ng—whether simple or complex—does not play a significant
ole in return to productivity. If confirmed, the lack of prog-
ostic value of this prevalent and persisting impairment would
e a welcome finding.
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