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Objective: To build decision tree prediction models for long-term employment outcomes of individuals after mod-
erate to severe closed traumatic brain injury (TBI) and assess model accuracy in an independent sample. Setting:
TBI Model Systems Centers. Participants: TBI Model Systems National Database participants injured between
January 1997 and January 2017 with moderate to severe closed TBI. Sample sizes were 7867 (year 1 postinjury),
6783 (year 2 postinjury), and 4927 (year 5 postinjury). Design: Cross-sectional analyses using flexible classification
tree methodology and validation using an independent subset of TBI Model Systems National Database partici-
pants. Main Measures: Competitive employment at 1, 2, and 5 years postinjury. Results: In the final employment
prediction models, posttraumatic amnesia duration was the most important predictor of employment in each
outcome year. Additional variables consistently contributing were age, preinjury education, productivity, and oc-
cupational category. Generally, individuals spending fewer days in posttraumatic amnesia, who were competitively
employed preinjury, and more highly educated had better outcomes. Predictability in test data sets ranged from a
C-statistic of 0.72 (year 5; confidence interval: 0.68-0.76) to 0.77 (year 1; confidence interval: 0.74-0.80).
Conclusion: An easy-to-use decision tree tool was created to provide prognostic information on long-term compet-
itive employment outcomes in individuals with moderate to severe closed TBI. Length of posttraumatic amnesia,
a clinical marker of injury severity, and preinjury education and employment status were the most important
predictors. Key words: postinjury employment, posttraumatic amnesia, prognostic model, traumatic brain injury
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RAUMATIC BRAIN INJURY (TBI) is a leading
cause of disability among adults in the United
States, with estimates of more than 1.1% of the
population living with long-term or lifelong TBI-related
disability.! Because of the persisting and pervasive
impairments associated with TBI and young average
injury age, postinjury employment remains a critical
touchstone. The benefits of employment go beyond
providing financial support; competitive employment
also promotes psychosocial health, including posi-
tive self-esteem and facilitating broader community
reintegration.’™
Current evidence demonstrates that preinjury em-
ployment is a leading determinant of postinjury em-

ployment after moderate to severe TBL.>® Using the
TBI Model Systems (TBIMS) National Database (NDB),
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Walker et al® found that survivors who were employed
preinjury were nearly 3 times more likely to be employed
1 year postinjury. In addition, individuals with profes-
sional or managerial jobs preinjury had the highest odds
of returning to work post-TBI compared with those with
skilled or manual labor jobs. Similarly, Cuthbert et al’
found that preinjury vocational status was associated
with unemployment and part-time employment 2 years
post-TBI, such that individuals who were students and
unemployed preinjury were 56% and 40% more likely to
be unemployed postinjury than those employed prein-
jury. This is consistent with other acquired disabilities
such as spinal cord injury, where postinjury employment
is also heavily predicated on preinjury occupation.’
Other variables shown to be predictive of employ-
ment after TBI are education, age, and inpatient re-
habilitation length of stay (LOS).® Keyser-Marcus and
colleagues found that, besides preinjury productivity,
younger age and higher education were associated with
increased rates of postinjury employment at 1 year
follow-up, and age remained a significant predictor at
2- and 3-year follow-up.? Literature has also shown that
driving status and marital status are important predictors
of employment stability.>"!! In addition, prior alcohol
and drug use has been shown to be associated with lower
rates of return to productive employment after TBI.!2
The existing literature in this area has limitations.
First, many studies including individuals with moderate
and severe TBI performed outside of the TBIMS tend to
have small sample sizes.?*!3-1* Most also lack evidence of
reproducibility, having not been validated in indepen-
dent data sets, raising doubts about generalizability. Past
studies have also mainly focused on outcomes within
1 year of injury,1 leaving unanswered important
questions about the longer-term employment prospects
for survivors. These limitations lead to models that trans-
late poorly in real-world clinical applications.
Classification tree methodology is ideal for building
clinically useful predictive models because it uses simple
logic for classifying patients, making it easy for patients
and clinical specialists to use.!® Decision tree analysis is
similar to the clinical pathways that physicians are accus-
tomed to working with, making it an attractive modeling
choice for disseminating practical models.!”!3 Classifi-
cation trees are created by starting with a large data set,
and the variables that are most highly related to the
outcome are chosen to be included.!® Besides increased
simplicity and practicality of models, classification tree
analysis allows for the estimation of predicted outcomes,
unlike the parameter estimates or odds ratios produced
by traditional logistic regression models.?’ These meth-
ods also automatically include interactions as opposed
to them having to be entered manually into a regres-
sion model and they overcome any collinearity between
variables.!” These methods are also preferred to other
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ensemble methods, such as random forests, not only
because there is limited clinical utility in those models
but also because they cannot take into account missing
data, which could limit sample sizes dramatically.!?

Surprisingly, classification trees are rarely used for TBI
prognostic modeling or employment outcomes. One
of the few publications that used classification trees to
model postinjury employment used the Rehabilitation
Service Administration (RSA-911) data set.?! The sam-
ple was 66% male and 78% white; most notably, the
study invoked the x? automatic interaction detector,
which has several limitations.?! The x? automatic inter-
action detector does not involve any type of automated
pruning, leading to overfitted models. It also cannot
handle missing values which can limit sample sizes.?
An earlier publication, employing classification trees us-
ing TBIMS NDB data, considered only binary splits of
variables with only 1-year outcomes analyzed.!® Allow-
ing multiway splitting maximizes the use of the data and
improves predictability.!®

For outcomes as crucial as employment, families and
individuals with TBI want and need practical prognos-
tic information spanning multiple horizons. To create
a clinically useful tool, decision tree theory employing
multiway, data-based splitting was used to create mod-
els to predict employment at 1, 2, and 5 years post-
TBI. Specifically, the goals of this study were to use the
TBIMS NDB, a multicenter database with thousands of
participants, to create a user-friendly prognostic model
for long-term employment outcomes, based on patient
characteristics available upon rehabilitation discharge,
in individuals who incurred a moderate to severe closed
TBI and to assess the predictability of these models using
independent data sets.

METHODS
Participants

All participants were consented and enrolled in
the TBIMS NDB, funded by the National Institute
on Disability, Independent Living, and Rehabilitation
Research.?? All centers were granted institutional review
board approval. Eligible TBIMS participants were (1)
16 years of age or older at injury, (2) admitted to a
TBIMS acute care hospital within 72 hours of injury,
(3) received care through a TBIMS center, and (4) sus-
tained TBI with any of the following: Glasgow Coma
Scale score at emergency admission of less than 13 (not
due to intoxication, intubation, or sedation); loss of con-
sciousness, not due to sedation or intoxication, for more
than 30 minutes; posttraumatic amnesia (PTA) for more
than 24 hours; or injury-related computed tomographic
findings.

Given the focus on employment, participants younger
than 18 years or older than 60 years at injury, who were
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more likely to be unemployed because they were stu-
dents or retired, were excluded from these analyses, as
were those with outcomes of death or vegetative state.
In addition, due to differing variable definitions prior
to 1997,2* participants with injury dates only between
January 1997 and 2017 were included. Other exclu-
sion criteria were penetrating TBI, due to known out-
come differences, missing employment outcome, and
missing PTA duration data. Since we conducted several
cross-sectional analyses, participants may have been in-
cluded in one analysis but not another (see Figure 1).
“Excluded” participants were excluded from all further
analyses because of death, insufficient time passing since
injury, or a withdrawn consent. Conversely, “removed”
participants may have been included in subsequent anal-
yses but for the given cross-sectional analysis had miss-
ing employment status data, were in a vegetative state
postinjury, refused to participate, were incarcerated, or
were participating in a site that lost funding. The sam-
ple sizes in Figure 1 are calculated by starting with the
total (14 479) and subtracting the “not eligible” and the
“excluded” and “removed” subjects at each year. The
final sample sizes used in analyses were 7867, 6783, and
4927 for follow-up periods 1, 2, and 5 years postinjury,
respectively.

Not Eligible (n=5122
Age at injury = 17 (n=576)
Age at injury > 60 (n=2784)
Penetrating TBI (n=792)
Missing PTA duration (n=970)

Excluded by Yr 1 (n=119)
Expired (n=7)
Withdrew (n=111)

< lyr post-injury (n=1)

Test (n=1031)

lr
)

Excluded Y1-Yr 2 (n=934)
Expired (n=13)
Withdrew (n=57)

< 2 yr post-injury (n=864)

Excluded Yr2-Yr5 (n=2859) Test (c=877)

Expired (n=14)
Withdrew (n=243)
< Syr post-injury (n=2602)

Test (n=624)

Assessed for Eligibility:
Injured Jan. 1997-Jan. 2017
(n=14479)

Year 1 Final Sample=7867
Training (n=6687)

Year 2 Final Sample=6T783
Training (n=5777)

Year 5 Final Sample=4927
Training (n=4188)

Outcomes

The primary outcome was current competitive em-
ployment, defined as a full or part-time job pay-
ing at least minimum wage and not in supported
employment.?

Predictors

Model predictors were selected on the basis of previ-
ous research showing their relevance to postinjury em-
ployment. Demographic variables considered were base-
line sex, age at injury, and education level (less than high
school, high school/GED, more than high school). Race
was not included because the variety of racial groupings
could complicate classifications and limit clinical use-
fulness of the prognostic models.

Preinjury health characteristics included history
of prior TBIs both number and categorical (yes/no),
based on The Ohio State University TBI Identifica-
tion interview,”?’ history of problem alcohol use
(yes/no),?® and history of illicit drug use (yes/no). For
participants injured from October 1999 to present,
alcohol abuse was based on the Behavioral Risk Factors
Surveillance System questions,?’ while for those injured
before October 1999, alcohol abuse was determined by

Removed for Yr 1 (n=1371)

Vegetative State (n=42)

Lost (n=702)

No Funding (n=247)

Refused (n=53)

Incarcerated (n=128)

Missing 1 Yr Employment (n=199)
Missing covariate information (n=149) *

Removed for Yr 2 (n=1640)
Vegetative State (n=28)

Lost (n=779)

No Funding (n=432)

Refused (n=50)

Incarcerated (n=172)

Missing 2 Yr Employment (n=179)
Missing covariate information (n=129) *

Vegetative State (n=17)
Lost (n=767)

No Funding (n=407)
Refused (n=19)
Incarcerated (n=137)
Missing 5 Yr Employment (n=224)
Missing covariate information (n=115) *

Figure 1. CONSORT diagram.



the Quantity-Frequency-Variability Index.>® Preinjury
socioeconomic characteristics included occupational
category (Professional, Skilled, Manual, Unemployed)
and productivity (yes/no). Being productive included
being competitively employment, a full-time student,
or a homemaker. Preinjury competitive employment
was also included as a potential predictor.

Injury severity measures included Glasgow
Coma Scale motor score at emergency department
admission’!; PTA duration, measured in weeks; and
whether the participant was discharged from inpatient
rehabilitation in PTA (yes/no). If the participant was
discharged in PTA, the total hospital (acute care and
inpatient rehabilitation) LOS was used as the PTA
duration, thus allowing for fewer missing values and
avoiding having the algorithm impute these values.
Additional predictors included intracranial pressure
elevation (none, <24 hours, >24 hours, sustained
for >24 hours, not monitored), craniotomy (yes/no),
craniectomy (yes/no), acute hospital LOS, and the pres-
ence of a focal traumatic intracranial lesion (subdural
or epidural hematoma, or intraparenchymal hemor-
rhage classified as contusion) found on computed
tomographic scan (yes/no).

Statistical methods

The entire sample was split into a training set (85%
of the sample) and a test set (15% of the sample). The
training set at each follow-up period was used to build
the predictive model, whereas the test set was used to
assess the predictive ability of the model.

The models were built using the Classification Rule
with Unbiased Interaction Selection and Estimation
(CRUISE) algorithm.'® The CRUISE algorithm creates
splits based on predictors included in the model and,
unlike most other algorithms, allows for multiple, rather
than binary, splitting. Variables included at the top of
the tree can be considered the most important predic-
tors and variables included lower down in the tree are
less related to the outcome. A node is a group of similar
participants and a terminal node is the final node from
a set of branches that does not split any further. The
algorithm chooses splits to maximize the difference in
the outcome using y? tests, so all predictors included in
the model are related to the outcome. In addition, linear
discriminant analysis is used to select the cut points of
continuous measures.!’ Thus, some variables fed into
the model may not show up in the final tree if they
are not closely related to the outcome. Variables con-
nected down the tree can be grouped together to make
predictions.

The CRUISE algorithm options for the current analy-
ses were univariate splitting via the 2-dimension method,
with splitting based on discriminant analysis using equal
costs of misclassification and equal prior group proba-
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bilities. A standard error of 0.05 was used for pruning.
To accommodate missing values in predictors, nodewise
imputation and fit were employed. A minimum of 150
participants were required in each node to allow a node
to split to facilitate a parsimonious model. Finally, a na-
tionally recognized expert panel gave consideration for
“manual pruning” of the trees, which involved removal
of select lower branches of questionable clinical justifica-
tion to increase model usability. Manually pruned nodes
were unanimously approved by all panel members.

A C-index, based on the percentage of participants
with each level of the outcome in each terminal node,
was calculated for each tree and used to measure the
predictability. The statistic ranges from 0.5 to 1, with
1 indicating perfect predictability and 0.5 meaning ran-
dom predictability. A value of 0.7 to 0.8 indicates an
acceptable model, 0.8 to 0.9 an excellent fit, and greater
than 0.9 being an outstanding fit.>* The index was cal-
culated using the tree based on the training set as well
as with the test set.

RESULTS

Descriptive statistics for all eligible participants in the
1-year postinjury sample, as well as for the associated
training and test sets, are presented in Table 1. The sam-
ple was 75% male and the median injury age was 33.0
years (interquartile range: 23.0-46.0). Although race was
not included as a predictor in the model, 68.0% of the
sample was white, 17.5% was black, 10.2% was His-
panic, and 4.2% identified as other ethnic groups. Ap-
proximately 16.8% of the patients remained in PTA at
discharge; among the remainder, the median PTA dura-
tion was 4.0 weeks (interquartile range: 2.0-7.0). Overall,
the employment rate was 33.6% at 1 year postinjury, in-
creased to 37.5% at 2 years postinjury, and increased to
40.6% at 5 years. Table 2 displays the distribution of
employment in the training and test sets.

Each tree was assessed for manual pruning. One
branch was pruned from the 1-year postinjury tree and
2 were removed from the 2-year postinjury model. The
pruned branches were overly cumbersome, contained
small sample sizes, and were inhibiting the interpretabil-
ity of the trees. The trees prior to manual pruning can
be found in the online supplement. No manual pruning
was performed in the 5-year postinjury model.

The final decision tree models are provided in
Figures 2 to 4 for the 1-, 2-, and 5-year postinjury employ-
ment outcomes, respectively. Terminal nodes are distin-
guished by solid lined boxes. For each model year, PTA
duration was the primary split, indicating that it was the
most salient predictor of employment. Other variables
that appeared frequently in the models were preinjury
employment, occupational group, age at injury, and
baseline education level. After PTA duration, occupa-
tional group and preinjury employment were next in
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Summary data for predictor candidate variables on those eligible at 1-year

postinjury (N = 7867)*

Training Test
Characteristic Level Overall (N = 6687) (N = 1180)
Preinjury employment Yes 5069 (73.3%) 4313 (73.4%) 756 (72.7%)
No 1845 (26.7 %) 1561 (26.6%) 284 (27.3%)
Age at injury 33.0 (23.0-46.0) 33.0 (23.0-46.0) 34.0 (23.0-46.0)
Sex Female 1953 (24.8%) 1673 (25.0%) 280 (23.7%)
Male 5914 (75.2%) 5014 (75.0%) 900 (76.3%)
Prior TBI Yes 1411 (17.4%) 1163 (17.4%) 248 (21.0%)
No 6456 (82.6%) 5524 (82.6%) 932 (79.0%)
Number of prior TBI 0 (0.0-0.0) 0 (0.0-0.0) 0.0 (0.0-0.0)
Preinjury education <HS/GED 1456 (20.1%) 1255 (20.5%) 201 (18.4%)
HS/GED 2709 (37.5%) 2272 (37.0%) 437 (40.0%)
>HS/GED 3062 (42.4%) 2608 (42.5%) 454 (41.6%)
Productivity Yes 5553 (80.6%) 4711 (80.6%) 842 (81.1%)
No 1332 (19.4%) 1136 (19.4%) 196 (18.9%)
Occupational category Professional 1223 (16.2%) 1057 (16.5%) 166 (14.6%)
Skilled 3101 (41.0%) 2621 (40.8%) 480 (42.4%)
Manual labor 1418 (18.8%) 1213 (18.9%) 205 (18.1%)
None 1816 (24.0%) 1534 (23.9%) 282 (24.9%)
Problem alcohol use Yes 1227 (17.0%) 1043 (17.0%) 184 (17.0%)
No 5997 (83.0%) 5096 (83.0%) 901 (83.0%)
lllicit drug use Yes 1801 (23.3%) 1528 (23.3%) 273 (23.6%)
No 5916 (76.7%) 5034 (76.7%) 882 (76.4%)
PTA duration, wk 0 (2.0-6.0) 0 (2.0-6.0) 3.0 (1.0-6.0)
Discharged in PTA Yes 1323 (16.8%) 1133 (16.9%) 190 (16.1%)
No 6544 (83.2%) 5554 (83.1%) 990 (83.9%)
Baseline motor GCS 0 (4.0-7.0) 0 (4.0-7.0) 6.0 (4.0-7.0)
Elevated ICP None 2013 (25.8%) 1719 (25.9%) 294 (25.1%)
<24 h 874 (11.2%) 757 (11.4%) 117 (10.0%)
>24 h 985 (12.6%) 850 (12.8%) 135 (11.5%)
>24 h 204 (2.6%) 175 (2.6%) 9 (2.5%)
sustained
Not 3728 (47.8%) 3130 (47.2%) 598 (51.0%)
monitored
Craniotomy Yes 901 (11.5%) 773 (11.6%) 128 (10.8%)
No 6966 (88.5%) 5914 (88.4%) 1052 (89.2%)
Craniectomy Yes 708 (9.0%) 624 (9.3%) 4 (7.1%)
No 7159 (91.0%) 6063 (90.7%) 1096 (92.9%)
CT focal hemorrhage Yes 6137 (79.8%) 5203 (79.7%) 934 (80.4%)
No 1554 (20.2%) 1326 (20.3%) 228 (19.6%)
Acute hospital LOS 18.0 (10.0-28.0) 18.0 (10.0-28.0) 17.0 (10.0-27.0)

Abbreviations: CT, computed tomographic; GCS, Glasgow Coma Scale; ICP, intracranial pressure; LOS, length of stay; PTA, posttrau-

matic amnesia; TBI, traumatic brain

injury.

aContinuous variables shown as median (interquartile range); categorical variables shown as N (%).

hierarchal importance. The only injury-related variables
to emerge in any of the models were acute hospital
LOS and presence of craniotomy in the 2-year postin-
jury trees. Across the years, the participants with shorter
PTA duration, who were employed preinjury, and had
a higher level of education were more likely to be com-
petitively employed postinjury.

The terminal nodes with the highest and lowest per-
centages of employed participants are highlighted in
Table 3. In all years, the terminal node with the highest
employment appears nearly opposite the one with the

lowest employment. For example, in year 1, the best ter-
minal node includes those with the shortest PTA and
being professionally employed preinjury. This counters
the worst node where the participants had the longest
PTA and either had nonprofessional employment or
were unemployed. At 2 years postinjury, the node with
the highest employment rate contains participants with
the shortest PTA, greater than high school education,
and who were employed preinjury. The worst node
includes those with a longer PTA duration and who were
not productive preinjury. Five years postinjury, those
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Distribution of employment and C-statistics by postinjury follow-up year

Summary,
N (%) C-statistic C-statistic
Outcome Training set (95% CI) Test set (95% CI)
Employment
1-y follow-up
Yes 2248 (33.6%) 0.77 (0.76-0.79) 392 (33.2%) 0.77 (0.74-0.80)
No 4439 (66.4%) 788 (66.8%)
2-y follow-up
Yes 2157 (37.3%) 0.77 (0.75-0.78) 389 (38.7%) 0.76 (0.73-0.79)
No 3620 (62.7%) 617 (61.3%)
5-y follow-up
Yes 1713 (40.9%) 0.70 (0.69-0.72) 286 (38.7%) 0.72 (0.68-0.76)
No 2475 (59.1%) 453 (61.3%)

Abbreviation: Cl, confidence interval.

with the shorter PTA duration and more education again
lead to the best outcome, and the opposite was true for
the worst terminal node. These result patterns indicate
that the predictors listed previously are positively associ-
ated with good outcomes and negatively associated with
poor outcomes.

Prediction model performance

The models predicting earlier outcome (eg, 1 year
postinjury) had better predictability than long-term (eg
5 years postinjury). The C-statistics ranged from 0.70 to
0.77 (see Table 2), with the 1-year postinjury trees pro-

Employed: 3

ducing the highest C-statistic values indicating better
predictability. The second highest was the 2-year postin-
jury tree and then the 5-year postinjury tree. All mod-
els indicate reasonable predictability based on the 0.5
to 1.0 range, and predictability was largely retained in
the independent test sets. Thus, the models can be ex-
pected to perform well for future patients experiencing
a moderate to severe TBI and matriculating to inpatient
rehabilitation.

DISCUSSION

Using the TBIMS NDB, the current study utilized
classification tree methodology to build practical

N=31294

Profe al Skilled Manual
Professional Unemplayed Skilled J' Manual l l Unemployed Unemplayed
Node 4 | Nods § Node 6 Node 7 Mide & Node 9 Node 11 1
Employed: 72.3% || Employ Employed: 15.6% | Employed: 47.7% Employed: 33.6% Employed: 10.6% Employed: 15.1% |
N=538 N | N=73% . N=137 N=151 N=2183

More than HS/GED HSGED Less than
HS/GED A orless oF o HS/GED
Node 12 i Mode 12 Mode 14 Mode 13
Employed: 38.3% | | Employed: 47.0% Employed: $1.6% Employed: 22 6%
N=67% Nel034 N=341 Ne=53

s - 27 days

Node 21
Employed: 20.4%
N=49

Emgployed: 48.3%

Less than

HS/GED s
Node 24
Employed: 53.2%
N=G86 i N=20)

< 36 years - 36 years

Mode 28 Node 29
Emploved: 43.7% | | Employed: 26.7%
N=183 N=116

> T wecks
MNode]9
{ | Employed: 10.2%
Nel30]

= 7 weeks

Mode 16 Node 17
Employed: 49.6% Employed: 20.9%

N=131 N=206

More than HS/GED
HS/GED or less
—
Employed: 16.6%
N=535

Mol 2 | Node 27
Employed: 39.0% Employed: 11.6%
N=187 | N=86

Figure 2. One-year employment classification tree. PTA indicates posttraumatic amnesia.
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Figure 3. Two-year employment classification tree. PTA indicates posttraumatic amnesia.

prognostic models to characterize employment at 1,
2, and 5 year(s) after moderate to severe closed TBI.
Across all 3 follow-up periods, PTA duration emerged
as the primary determinant of survivors’ likelihood of
attaining competitive employment, with longer length
of PTA predicting lower chance of postinjury employ-
ment. Nearly one-half of all participants who spent less
than 3 weeks in PTA were employed at 1 (46.4%) and 2
years (49.8%) postinjury, compared with only 17% and

20.8% who spent greater than 4 weeks in PTA, respec-
tively. Five years after injury, 53.2% of participants who
spent at most 4 weeks in PTA were employed compared
with 29.4% of participants who were in PTA for longer
than 4 weeks (see Figure 2). These findings highlight
the 3- to 4-week PTA duration mark as a critical point
of demarcation between survivors who have relatively
good employment prognoses and those more likely to
face significant challenges. The only other injury-related

=4 wecks l l 4 weeks
Node | N 2
Emploved: 53.2% Emploved: 29.4%
N=2028 N=2160
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Figure 4. Five-year employment classification tree.
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PTA indicates posttraumatic amnesia.
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characteristics found predictive of employment were
acute hospital LOS (year 1), whether discharged in PTA
(year 2), and whether a craniotomy was performed (year
2), with all 3 having secondary importance compared
with PTA duration. These findings align with our previ-
ous research showing that when it comes to predicting
long-term functional outcomes after TBI, PTA duration
is paramount. It is plausible that the dominance of PTA
as a predictor results from PTA subsuming other pre-
cursory severity indicators by virtue of conveying more
information about rate of recovery.!> While our method
of calculating PTA duration may underestimate the true
PTA duration compared with some regression models,
85% of subjects discharged in PTA were done so af-
ter 4 weeks postinjury. Thus, even if these subjects had
longer PTA than was determined, the vast majority of
our sample would remain in the same groupings as we
proposed, making it unlikely that the model would yield
significantly different results.

After PTA duration, preinjury occupation, employ-
ment, and education were the next most important pre-
dictors across all models/trees. Our results support previ-
ous findings that preinjury employment/vocational sta-
tus and education are significant predictors of postinjury
competitive employment.>*® These socioeconomic
variables may influence employment because they signal
innate intelligence, psychosocial characteristics, brain
reserve capacity, and/or social support systems.!%-3% Age
at injury was the only other variable that appeared in all
models/trees, usually emerging lower in the trees than
the aforementioned variables.

Whereas our model at 5 years postinjury produced
only 2 initial nodes (<4 weeks and >4 weeks), our mod-
els for 1 year and 2 years postinjury each produced 3
PTA nodes (<3 weeks, 4 weeks, and >4 weeks). The
decline of PTA cut points at year 5 may be suggestive
of the diminishing importance of the finer gradations
of PTA duration for predicting employment over longer
postinjury time periods. In other words, PTA duration,
and consequently, our predictive model, may lose pre-
cision over time, an assertion that is supported by the
fact that the 5-year postinjury model had the lowest
C-Statistic. Alternately, the decrease in precision could
be due to the decrease in the sample size when compared
with models derived from the 1- and 2-year follow-up
time points.

Other investigators have also reported higher rates of
employment over successive years postinjury.'!3* Our
findings are in alignment, with the 5-year postinjury
model having the highest overall proportion of em-
ployed participants at 40.6%, followed by 37.5% at
2 years and 33.6% at 1 year postinjury. Possible reasons
for the improved employment rates over time include
decreased focus on medical and therapy appointments,
additional brain function recovery, improved adjust-

ment to disability, and later access to vocational reha-
bilitation resources.>> Our findings provide additional
insight by showing this pattern of better employment
rates at 5 years postinjury existed among participants in
both the best and worst prognostic nodes. When look-
ing at just the primary splits on days spent in PTA, the
best initial node in year 5 (node 1) had a 53.2% em-
ployment rate compared with 49.8% (node 1) at 2 years
and 46.4% (node 1) at 1 year. Similarly, the worst initial
node in each year had employment rates of 17.0% (node
3), 20.8% (node 3), and 29.4% (node 2) for years 1, 2,
and 5, respectively (see Figures 2-4).

The finding of improved rate of employment over
time in the group with the longest PTA duration, which
increased from year 1 (17.0%) to year 2 (20.8%) and
to year 5 (29.4%), is promising. Conversely, the find-
ing that 70% of participants who spent more than 4
weeks in PTA remained unemployed at 5 years postin-
jury is sobering. In sharp contrast, the employment rate
among noninstitutionalized individuals in the United
States without a disability is 76.4%.3¢ The rate of un-
employment at 5 years postinjury in our sample (70%)
is similar to the rate of unemployment among non-
institutionalized individuals in the United States with
a disability (65%). In fact, the rate of employment in
the group with the longest duration of PTA at 5 years
postinjury in our sample (28.0%) is comparable with
the rate of employment among noninstitutionalized in-
dividuals in the United States with a cognitive disability
(25.6%) but higher than the rates among those with self-
care (15.7%) or independent living disability (16.3%).
These consistencies support the external validity of our
findings.

The decision tree methodology used in this work was
inherently data-driven, with no guarantee of consistent
patterns. However, we see that similar patterns appear
throughout the models. For instance, the decision to
split on preinjury occupation status and then on ed-
ucation level presents itself in both nodes 1 and 2 in
Figure 2. These discernable patterns are shown in
Table 3, such that professional preinjury employment
and higher levels of education were associated with
greater employment regardless of PTA duration. This
trend, and the similar trends in 2 and 5 years postinjury,
suggests that while PTA duration is the strongest predic-
tor, the secondary predictors of postinjury employment
have a consistent effect.

The current study has some limitations. The deci-
sion tree methodology used may yield limited predic-
tive power compared with typical regression modeling,'
but for clinical applications, the enhanced usability
of the resulting model should outweigh this limita-
tion. Branching was limited by sample sizes in ter-
minal nodes getting too small, so some further split-
ting, with differing predictors, may have been missed.



As with other TBIMS studies, although the NDB is
representative of individuals with TBI receiving inpa-
tient rehabilitation,’’>3® findings may not be general-
izable to those who do not receive inpatient rehabil-
itation for their TBI. We must also acknowledge that
while several previous studies have found meaning-
ful relationships between race/ethnicity and post-TBI
employment,>*%3° we excluded race/ethnicity from
our analyses in efforts to produce parsimonious deci-
sion trees with the greatest clinical utility. On the ad-
vice of an anonymous reviewer, models with race in-
cluded were fit for comparison and resulted in worse or
comparable predictability at all years, reaffirming our
decision for its exclusion. Other variables known to
be related to employment, such as preinjury income
and mental health problems, were not included be-
cause they were unavailable in the data or had un-
interpretable definitions in the TBIMS.? Finally, we
were unable to examine the possible relevance of down-
stream modifiable factors unknown at baseline, such as
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