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Abstract

Objective—Identify latent trajectories of executive functioning (EF) recovery overtime after 

childhood TBI and examine the predictive value of known risk factors within and across recovery 

trajectories using latent class growth modeling (LCGM).

Method—206 children between the ages of 3-7 years with a moderate to severe TBI or 

orthopedic injury (OI) were included. LCGM was applied to identify longitudinal trajectories of 

post-injury EF as assessed by the Behavior Rating Inventory of Executive Functioning General 

Executive Composite (GEC). Separate models were estimated for the TBI and OI groups.

Results—Two TBI trajectories: Normal Limits (70.8%) and Clinically Elevated (29.2%), and 

three OI trajectories: Normal Limits (20.9%), Subclinical (49.0%), and Clinically Elevated 

(30.17%) were identified. Baseline GEC was the only predictor of class membership for all 

models. Both TBI trajectories demonstrated an increase in GEC over time whereas only one of the 
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three OI classes demonstrated this pattern. Family variables were associated with GEC across 

trajectories.

Conclusion—The lack of association of injury characteristics with trajectory class membership 

highlights the heterogeneity in recovery following pediatric TBI. Associations of EF trajectories 

with family factors underscores the importance of involving the family in interventions for 

children with traumatic injuries.

Traumatic brain injury (TBI) is a leading cause of acquired morbidity and mortality in 

children.1 Despite adequate characterization of resulting neurobehavioral impairments at the 

group level,2,3 individual long-term outcomes are notoriously heterogeneous and there exists 

substantial unexplained variability in neurobehavioral outcomes and trajectories of 

recovery.4-6 This unexplained variability following TBI is one of the most significant 

barriers to the development of individualized clinical prognostic tools and therapeutic 

interventions.7,8

Neurobehavioral outcomes following pediatric TBI are multiply determined.9,10 Injury 

severity, typically quantified using the Glasgow Coma Scale (GCS),11 is the most commonly 

used risk factor in predicting outcome. However, this factor accounts for a relatively small 

amount of variance in short-term neurobehavioral outcomes12,13 and appears to diminish in 

predictive value over time, with several studies noting no association with longer-term 

neurobehavioral function.14,15 Injury severity accounts for even less variance when 

trajectories of recovery over time are examined rather than outcome at a single time 

point.4,16 Demographic factors also account for a small proportion of variance in outcomes. 

Children from families of low socioeconomic status (SES) fare worse than children with 

higher SES and related access to resources.9,17 In addition, the effects of pediatric TBI are 

age-dependent. Children sustaining injuries at younger ages are particularly vulnerable, 

likely because of increased susceptibility to diffuse brain insult and its effects on post-injury 

skill development.6,16 Child premorbid functioning is another factor that predicts post-injury 

neurobehavioral functioning.16 Not only do children who sustain TBI show higher rates of 

premorbid attention difficulties than their non-injured peers,18,19 but their premorbid 

difficulties are also exacerbated by TBI.20 Finally, family environmental factors, such as 

parenting style and family functioning, account for additional variance in outcomes. The 

effects of TBI on neurobehavioral function are more pronounced in children from 

disadvantaged family environments and buffered by favorable family environments,4,21-23 

although these associations appear to vary over time since injury.21 Despite the known 

contributions of injury, demographic, child, and family factors to neurobehavioral outcomes, 

models remain insufficient for clinical prediction of recovery trajectories for the individual 

patient. Examination of latent trajectories may shed light on factors that contribute to 

differing patterns of recovery over time.

The objectives of the present study were to identify latent trajectories of executive 

functioning (EF) over time following TBI sustained in early childhood and examine the 

predictive value of known risk factors within and across recovery trajectories. EF was 

selected as our neurobehavioral variable of interest given its high vulnerability to 

impairment following TBI,2,24 and associations with academic, social, and adaptive 
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functioning,25-27 as well as because it was assessed longitudinally at all six time points 

throughout our study, including an assessment of retrospective premorbid functioning. The 

majority of extant longitudinal studies of neurobehavioral function following pediatric TBI 

have utilized a variable-centered approach in which the goal is to identify predictors of 

dependent variables and describe how a priori, observed independent variables—often injury 

severity quantified using GCS—and dependent variables are related3,28,29. Given the limited 

predictive value of injury severity, especially for longer-term neurobehavioral outcomes, the 

variable-centered approach may obscure recovery trajectories present in the data.

To address these concerns, we utilized a person-centered approach, latent class growth curve 

modeling, to classify individuals into distinct groups based on prototypical latent trajectories 

across time30. This approach is useful with longitudinal data for representing heterogeneity 

in developmental trajectories and considers patterns of intra-individual change30. We 

hypothesized that some individuals with TBI would demonstrate poorer outcomes than 

others and that these differences would be related to injury and environmental factors. 

Further, based on evidence suggestive of emerging deficits over time, we hypothesize that 

the TBI trajectories will demonstrate a worsening of EF symptoms over time. We also 

examined latent trajectories in a comparison group of children with orthopedic injuries (OI). 

We anticipated that this group would demonstrate greater longitudinal stability in EF over 

time but that associations of family factors with EF would be similar in the two groups.

Method

Participants and Study Design

Institutional Review Boards of all institutions approved all procedures, and written informed 

consent was obtained from all participants. A concurrent cohort/prospective research design 

was used. Consecutive admissions of preschool children with TBI or orthopedic injury (OI) 

that did not involve the central nervous system were screened at three tertiary care children's 

hospitals and a general hospital in Ohio. Participants included children who sustained a TBI 

or OI between the ages of 3 and 7 years. Children with OI served as the comparison group to 

control for pre-injury child and family factors that increase the likelihood of sustaining an 

injury requiring hospitalization. Additional inclusion criteria included overnight 

hospitalization, accidental cause of injury, no history of pre-injury neurological problems or 

developmental delays, and English as the primary spoken language. Children were not 

excluded if they had a history of attention problems, oppositional behaviors, or associated 

symptoms. Assessments were completed at baseline (0-3 months post-injury), 6-, 12-, 18-

months, 3.4 years, and 6.7 years post-injury. TBI severity was characterized using the lowest 

post resuscitation GCS. Severe TBI was defined as GCS score less than or equal to 8. 

Moderate TBI was defined as GCS score of 9-12 or 13-15 accompanied by abnormal brain 

imaging. The OI group included children who sustained a bone fracture (not including skull 

fractures), had an overnight stay in the hospital, and did not exhibit alterations in 

consciousness or other signs or symptoms of head trauma or brain injury.

A total of 221 participants were enrolled. Children with uncomplicated mild TBI (GCS> 13 

with no neuroimaging findings) were excluded from the present sample (n=15). A total of 

206 children were included in the present analyses: 87 children with TBI (23 severe, 64 
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moderate) and 119 with OI. The injury groups did not differ in terms of demographic 

variables or baseline EF scores (See Table 1). Percent of data missing at each of the visits 

post baseline are as follows: 6-month (12.6%), 12-month (21.4%), 18-month (22.8%), ∼3 

year (30.1%), ∼7 year (36.4%). Those that completed all visits did not differ from those who 

did not complete the extended follow-up (∼7 year) in terms of demographic (injury type and 

severity, age at injury, sex, race, SES) or any of the outcome variables discussed below.

Measures

Executive functioning—Parents provided ratings of their child's executive functioning on 

the Behavior Rating Inventory of Executive Functioning (BRIEF)31 at each assessment. The 

BRIEF is a standardized rating scale with satisfactory reliability and validity32 on which 

parents report the frequency (never, sometimes, often) of behaviors reflective of their child's 

EF. Because we assessed children between the ages of 3 and 7, we used the age appropriate 

versions of the BRIEF (for either preschool or school-age children). T-scores on the General 

Executive Composite Scale (GEC) were used as the dependent variable. Higher T-scores 

indicate poorer EF behaviors, with T-scores 65 or greater indicating clinically elevated 

problems. At the baseline assessment, parents were asked to report on their child's behavior 

prior to their injury, whereas ratings at the subsequent five time points represented the child's 

current EF.

Time-invariant risk factors—Variables potentially related to outcomes of TBI (age at 

injury, sex, SES, and baseline EF as measured by the baseline GEC) were included in the 

model as predictors of trajectory class membership. Categorical injury severity (moderate 

TBI vs Severe TBI) was also included as a predictor of TBI trajectory class membership. 

SES was determined by using the average of the z-scores for maternal education and median 

income for the census tract in which the family resided.

Time-varying risk factors—The purpose of time-varying covariates is to investigate 

change in the dependent variable as a function of change in the time-varying covariate over 

time. These variables are modeled as predictors of the dependent variable (GEC) along with 

the time variable (time since injury) in a time-specific equation. Family burden of injury, 

general family functioning, and parenting style were collected at each of the post-baseline 

assessments, and included as time-varying covariates to help clarify the dynamic 

relationship between family environment and GEC over time.

The 12-item General Functioning scale from the McMaster Family Assessment Device 

(FAD-GF) was used as a summary measure of family functioning33. FAD-GF scores range 

from 1-4 with higher scores reflective of greater dysfunction. Perceived family burden was 

assessed using the Family Burden of Injury Interview (FBII)34, which has satisfactory 

reliability and validity34,35. The composite score representing the mean of the Child, Spouse, 

and Extended Family and Friends scales was used in analyses, with higher scores indicative 

of greater burden34. Parenting behaviors were assessed via the Parenting Practices 

Questionnaire (PPQ)36. The PPQ is a 62-item self-report questionnaire of parenting 

behaviors that produces three summary scores, representing authoritarian, authoritative, and 
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permissive parenting styles. A more authoritative parenting style has been associated with 

fewer child behavior problems than authoritarian or permissive approaches 37.

Data analysis

Latent class growth modeling (LCGM) analysis was conducted in SAS using PROC TRAJ. 

Separate models were run for TBI and OI groups as we hypothesized that the trajectory 

shapes would vary as a function of injury type (TBI versus OI). LCGM operates from the 

assumption that meaningful unobserved subpopulations exist within the larger sample, each 

having a distinct longitudinal dependent variable trajectory. Latent trajectory classes are 

extracted based on dependent variable patterns as well as time invariant risk factors and 

time-varying covariates. The probability of being assigned to each latent class is identified 

for each subject based upon their dependent variable scores over time, as well as on that 

subject's scores on time-invariant and time-varying covariates. Participants are assigned to 

one and only one latent class based on probabilistic estimation techniques. Next, the shape 

of each trajectory class over time is determined. The goal of the present analysis was to 

identify and characterize meaningful trajectory classes of individuals following similar 

patterns of EF recovery over time after early childhood traumatic injury.

Model selection involved the iterative estimation of the number of trajectory classes as well 

as the shape of each trajectory class. We considered a range of 1 to 5 classes, as well as flat 

(i.e., intercept-only), linear, quadratic and cubic trajectory shapes. The Bayesian information 

criterion statistic (BIC), model estimation convergence, percentage of population 

represented in each subgroup (>10%), minimization of the residual variance statistic 

(sigma), and examination of posterior subgroup classification probabilities were all factors 

in determining the best fitting model.

Results

Determining executive functioning trajectories

TBI models—LCGM analysis resulted in a final growth model with two TBI trajectory 

classes (Figure 1, Table 2). In both classes, the average probability of being assigned to the 

class was >90%, indicating good fit and suggesting that the model is appropriately grouping 

individuals with similar patterns over time and discriminating between individuals with 

dissimilar response patterns. The two trajectory classes (Figure 1) included a normal limits 

class with mean scores broadly within normal range (class 1; 70.8%) and a clinically 

elevated class (class 2; 29.2%). The parameter estimates are presented in Table 3 for the time 

invariant risk factors and in Table 4 for time-varying covariates. Baseline GEC was the only 

risk factor significantly associated with class membership (see Table 3); sex, SES and injury 

severity were not significantly associated with subgroup membership. It should be noted that 

age at injury was a trending predictor of class membership, with greater age at injury 

associated with membership to the clinically elevated class. The normal limits class 

displayed an increase in levels of GEC over the 7-year study period and was composed of 10 

children with severe TBI (17.2%) and 48 children with moderate TBI (82.8%). This class 

represented 47.6% of the severe TBI sample and 80% of the moderate TBI sample. Within 
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this trajectory class, higher family dysfunction, higher family burden of injury, and more 

permissive parenting were associated with a higher GEC (see Table 4).

The clinically elevated class demonstrated a cubic trajectory, involving two points of 

improvement during the first 2 years post-injury, followed by a consistently worsening GEC 

from approximately 3 years post-injury through the end of the study period. This class was 

made up of 11 children with severe TBI (47.8%) and 12 with moderate TBI (52.5%), 

representing 52.4% of the severe TBI sample and 20% of the moderate TBI sample. Poorer 

baseline GEC score was associated with a higher probability of membership to the clinically 

elevated class relative to the normal limits class (p = .003, see Table 3). Within this 

trajectory class, higher family burden of injury and more permissive parenting were 

associated with a higher GEC (see Table 4).

OI models—LCGM analysis resulted in a final growth model with three trajectory classes 

(Figure 2, Table 2). In all classes, the average probability of being assigned to the identified 

class was >89%, indicating good fit and suggesting that the model is appropriately grouping 

individuals with similar patterns over time and discriminating between individuals with 

dissimilar response patterns. The three trajectory classes (Figure 2) included a normal limits 

class with mean scores that fell within the normal range (class 1; 20.9%), a sub-clinical class 

(class 2; 49%), and a clinically elevated class (class 3; 30.1%). The parameter estimates for 

the time invariant risk factors are presented in Table 3 and time-varying covariates in Table 

4. Baseline GEC was the only risk factor significantly associated with class membership (see 

Table 3); age at injury, sex, and SES were not significantly related to class membership.

The normal limits class demonstrated a quadratic trajectory, involving a decrease in GEC 

during the initial 3.5 years post-injury followed by an increase in GEC for the remainder of 

the study period. Environmental factors (family functioning, family burden of injury, and 

parenting styles) were not significantly associated with GEC within this group (Table 4).

The sub-clinical class demonstrated a flat trajectory with consistent levels of GEC 

throughout the study period. Poorer baseline GEC score was associated with a higher 

probability of membership to the sub-clinical class (p = .009, see Table 3). Within this 

trajectory, higher burden of injury and more permissive parenting were associated with a 

higher GEC (see Table 4).

The clinically elevated class also demonstrated a flat trajectory with consistent levels of 

GEC throughout the study period. Again, poorer baseline GEC score was associated with a 

higher probability of membership to the clinically elevated class (p = .0009, see Table 3). 

Within this trajectory class, higher burden of injury, and greater permissive parenting were 

associated with a higher GEC (see Table 4).

Discussion

Understanding the impact of child and family environmental factors on the recovery of EF 

following pediatric TBI is an important first step in identifying children and families most 

likely to require intervention, and provides valuable information regarding potential targets 

for treatment. Findings suggest that children with a history of early childhood TBI display 
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two distinct EF recovery trajectories, whereas children with a history of early OI display 

three distinct EF trajectories. Baseline functioning (conceptualized as pre-injury 

functioning) was the only child factor associated with recovery in both TBI and OI models; 

however, environmental factors such as family burden, family functioning, and parenting 

styles had similar associations with EF within trajectory classes for both the TBI and OI 

groups. Surprisingly, injury severity did not predict class membership within the TBI 

models, and individuals with severe TBI were evenly distributed across both TBI trajectory 

classes. This finding highlights the heterogeneity of recovery after injury, particularly among 

those with severe TBI38. Further, at injury was a trending predictor of class membership in 

the TBI models with greater age associated with membership to the clinically elevated class. 

While this is in contrast to the literature suggesting an association between younger age of 

injury and greater impairment, the age range for the present study was limited (3-7 years), 

and may have influenced this finding.

Consistent with literature indicating early recovery from TBI10, children with greater EF 

impairment following injury demonstrated an initial improvement in EF during the first 1-2 

years post injury, although still well above average. However both TBI trajectory classes 

demonstrated a worsening of EF over time, even in the class with EF scores within normal 

limits. This finding is consistent with the hypothesis that EF difficulties may surface or 

worsen as patients injured early in childhood face increasing EF demands with advancing 

age. Family factors also impacted both TBI trajectories. Specifically, greater family burden 

of injury and a more permissive parenting style were associated with increased EF 

impairment within both trajectory classes, whereas increased family dysfunction was 

associated with increased EF impairment in only the normal limits class. These findings are 

consistent with the literature suggesting that family and environmental factors do in fact 

impact EF recovery following pediatric TBI 4,21-23.

In contrast to the TBI trajectories, two of the three of the OI classes did not display any 

changes in EF overtime. This coupled with the finding that baseline EF score was the only 

predictor of class membership supports the idea that EF in OI and remains consistent from 

the time of injury, and injury does not play a role in worsening EF over the study period, 

unlike the TBI trajectory classes which demonstrated increasing problems in EF over time. 

In contrast one of the three OI trajectory classes displayed some worsening in GEC over 

time; however, scores remain well below clinical levels throughout the study period and may 

be more reflective of regression to the mean than of clinical changes in EF. Associations of 

family factors with EF were also found in the OI group. While the normal limits OI class 

was not impacted by family factors, increased family burden of injury and permissive 

parenting were associated with an increase in EF impairment in both the subclinical and 

clinical OI trajectory classes. The results suggest long-term environmental influences on EF 

regardless of injury characteristics. This may be reflective of the idea that these 

environmental factors (family burden and permissive parenting) are important factors in 

child behavior regardless of injury status.

The differential impact of family environmental variables across trajectory classes further 

supports the notion that environmental factors exert a substantial influence on EF recovery 

after injury4,21-23 and indicate the need for professionals to explore the family environment 
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in developing interventions for post-injury behavior problems. The negative impact of 

maladaptive parenting strategies was also apparent across groups. While authoritative 

strategies were not associated with EF (either positively or negatively) in any of the 

trajectory classes, permissive parenting was associated with greater EF deficits in both TBI 

classes as well as the subclinical and clinical OI classes. Findings related to parenting style 

again support the previously identified relationship between maladaptive parenting styles 

and child behavior problems21, and point to another target for intervention for those with EF 

difficulties.

Taken together, the current findings provide guidance in identifying youth at greatest risk for 

prolonged EF deficits over time following early childhood injury. Children with pre-injury 

EF difficulties within the context of increased family burden and maladaptive parenting 

styles are likely to exhibit prolonged EF difficulties, even years after the injury, regardless of 

the type or severity of injury. We cannot change the child's pre-injury functioning but we can 

address family burden and maladaptive parenting styles in hopes of improving EF over time.

Although the study adds to our understanding of EF recovery over time after pediatric TBI, 

it has a number of limitations. First, the sample was confined to children with traumatic 

injuries and may not generalize to the broader child population. In the absence of a healthy 

non-injured control group, we cannot assess the impact of environmental variables on EF 

within normal development. Children hospitalized for severe OI may have unique behavioral 

profiles that are not truly reflective of healthy development. Second, the analysis used in the 

present study takes a person-centered approach to examining longitudinal data, but is limited 

in that individuals must remain on the trajectory to which they are assigned over time. 

Future studies would benefit from using latent transition analysis, which allows for 

movement of individuals between trajectory groups and for the examination of the factors 

that contribute to movement between trajectories. Third, we do not know how these 

trajectories of recovery relate to functional or real world impairment. While greater deficits 

in EF on the BRIEF are associated with greater functional impairment39, the present study 

did not examine other important outcomes such as learning or socialization. Fourth, although 

relationships between risk factors and EF were found, the nature or direction of the 

relationships is unclear. Family factors may have contributed to weaknesses in EF, but EF 

difficulties may also have lead to more family burden or elicited more authoritarian or 

permissive parenting approaches. Future studies may benefit from analytic strategies such as 

cross lagged panel analyses, which would permit the examination of reciprocal interactions 

between variables over time. Additionally, the pre-injury GEC was obtained at the baseline 

visit that took place 0-3 months after injury. While data was collected as soon after injury as 

possible, it is possible that parental report of pre-injury functioning was biased by children's 

post-injury functioning. Finally, children with severe TBI were evenly distributed across 

trajectory groups, suggesting that additional factors are likely related to recovery. Future 

researchers may consider examining the role of additional factors associated with recovery, 

including engagement in rehabilitation programs and educational interventions as well as 

biological factors such as genetic influences and medical treatments.
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Figure 1. 
Executive functioning group trajectories for TBI group. Observed data trajectories are 

represented by dashed lines and model-based trajectories are represented by solid lines.
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Figure 2. 
Executive functioning group trajectories for OI group. Observed data trajectories are 

represented by dashed lines and model-based trajectories are represented by solid lines.

Narad et al. Page 13

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Narad et al. Page 14

Table 1

Demographics table. Injury groups did not differ with regards to any demographic variables or baseline 

executive functioning scores.

OI (n=119) Moderate TBI (n=64) Severe TBI (n=23) p

Age at Injury (SD) 4.96 (1.00) years 5.06 (1.20) years 5.12 (1.07) years .80

Gender (% male) 16 (69.57) 37 (57.81) 69 (57.98) .56

Race (% White) 16 (69.57) 43(67.19) 91(76.47) .38

Baseline GEC (SD) 53.48 (14.90) 49.63 (13.15) 48.96 (12.27) .34

SES z-score .17 (.95) -.12 (1.10) -.48 (.65) .01

Median income (SD) $63,888 ($23,410) $57,051 ($26,327) $54,308 ($15,823) -

Maternal Education (% at least HS graduate) 15 (71.43%) 53 (84.13%) 107 (93.04%) -

Note: GEC = Behavior Rating Inventory of Executive Function General Executive Composite, OI = Orthopedic Injury, TBI = Traumatic Brain 
Injury. General linear models were used to examine injury group differences for age at injury, baseline GEC, and zSES. Chi square tests were used 
to examine group differences for gender and race.

Group comparisons revealed that the OI group had significantly greater SES z-score than the severe TBI group (p = .01). No other group 
comparisons were significant.

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Narad et al. Page 15

Ta
b

le
 2

Fi
na

l g
ro

up
 b

as
ed

 tr
aj

ec
to

ry
 m

od
el

s.
 T

B
I 

an
d 

O
I 

gr
ou

ps
 w

er
e 

m
od

el
ed

 s
ep

ar
at

el
y.

T
B

I 
m

od
el

s

G
ro

up
P

ar
am

et
er

E
st

im
at

e
St

an
da

rd
 E

rr
or

t
p

N
or

m
al

 L
im

its
In

te
rc

ep
t

16
.2

4
12

.4
7

1.
30

.1
9

L
in

ea
r

1.
23

.3
0

4.
09

.0
00

1

C
lin

ic
al

ly
 E

le
va

te
d

In
te

rc
ep

t
70

.7
0

16
.5

0
4.

28
<

.0
01

L
in

ea
r

-1
2.

26
3.

88
-3

.1
6

.0
02

Q
ua

dr
at

ic
2.

61
.9

7
2.

68
.0

08

C
ub

ic
-.

15
.0

7
-2

.2
5

.0
3

O
I 

M
od

el
s

N
or

m
al

 L
im

its
In

te
rc

ep
t

23
.8

0
12

.1
8

1.
95

.0
5

L
in

ea
r

-2
.8

5
1.

71
-1

.6
7

.1
0

Q
ua

dr
at

ic
.4

9
.2

3
2.

15
.0

3

Su
bc

lin
ic

al
In

te
rc

ep
t

44
.0

7
9.

12
4.

83
<

.0
01

C
lin

ic
al

ly
 E

le
va

te
d

In
te

rc
ep

t
36

.6
7

10
.1

4
3.

62
.0

00
3

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Narad et al. Page 16

Ta
b

le
 3

M
od

el
 r

es
ul

ts
 f

or
 s

ta
bl

e 
ri

sk
 f

ac
to

r 
va

ri
ab

le
s 

fo
r 

T
B

I 
an

d 
O

I 
m

od
el

s.
 B

ol
de

d 
ite

m
s 

in
di

ca
te

 s
ta

tis
tic

al
ly

 s
ig

ni
fi

ca
nt

 p
re

di
ct

or
s 

of
 c

la
ss

 m
em

be
rs

hi
p.

T
B

I 
M

od
el

s

G
ro

up
P

ar
am

et
er

E
st

im
at

e
St

an
da

rd
 E

rr
or

t
p

N
or

m
al

 L
im

its
C

on
st

an
t

-
-

-
-

C
lin

ic
al

ly
 E

le
va

te
d

ag
e 

at
 in

ju
ry

0.
81

.4
2

1.
94

.0
54

se
x

.6
4

.8
3

.7
7

.4
43

se
s

-.
32

.4
4

-.
72

.4
74

in
ju

ry
 s

ev
er

ity
-1

.4
5

.8
5

-1
.7

1
.0

87

B
as

el
in

e 
G

E
C

.1
3

.0
4

2.
98

.0
03

O
I 

M
od

el
s

G
ro

up
Pa

ra
m

et
er

E
st

im
at

e
St

an
da

rd
 E

rr
or

t
p

N
or

m
al

 L
im

its
C

on
st

an
t

-
-

-
-

Su
bc

lin
ic

al
A

ge
 a

t i
nj

ur
y

-.
31

.5
3

-.
58

.5
6

Se
x

-1
.1

1
1.

24
-.

89
.3

7

SE
S

-.
25

.5
7

-.
44

.6
6

B
as

el
in

e 
G

E
C

.5
3

.2
0

2.
63

<.
01

C
lin

ic
al

ly
 E

le
va

te
d

A
ge

 a
t i

nj
ur

y
-.

20
.6

1
-.

33
.7

4

Se
x

-2
.0

6
1.

41
-1

.4
7

.1
4

SE
S

-.
25

.6
7

-.
37

.7
1

B
as

el
in

e 
G

E
C

.6
9

.2
1

3.
33

<.
00

1

N
ot

e:
 I

nj
ur

y 
se

ve
ri

ty
 w

as
 m

od
el

ed
 c

at
eg

or
ic

al
ly

 (
m

od
er

at
e 

vs
. s

ev
er

e 
T

B
I)

. S
ig

ni
fi

ca
nt

 p
os

iti
ve

 p
ar

am
et

er
 e

st
im

at
es

 in
di

ca
te

 m
or

e/
gr

ea
te

r 
in

st
an

ce
s 

of
 a

 v
ar

ia
bl

e 
in

 th
at

 tr
aj

ec
to

ry
 g

ro
up

 c
om

pa
re

d 
to

 th
e 

co
m

pa
ri

so
n 

(n
or

m
al

 li
m

its
) 

gr
ou

p,
 w

he
re

as
 n

eg
at

iv
e 

pa
ra

m
et

er
 e

st
im

at
es

 in
di

ca
te

 f
ew

er
/le

ss
 in

st
an

ce
s 

of
 th

at
 v

ar
ia

bl
e 

in
 th

e 
tr

aj
ec

to
ry

 g
ro

up
 c

om
pa

re
d 

to
 th

e 
co

m
pa

ri
so

n 
(n

or
m

al
 li

m
its

) 
gr

ou
p.

 G
E

C
 =

 
B

eh
av

io
r 

R
at

in
g 

In
ve

nt
or

y 
of

 E
xe

cu
tiv

e 
Fu

nc
tio

n 
G

en
er

al
 E

xe
cu

tiv
e 

C
om

po
si

te

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Narad et al. Page 17

Ta
b

le
 4

R
es

ul
ts

 f
or

 ti
m

e 
va

ry
in

g 
co

va
ri

at
es

 f
or

 T
B

I 
an

d 
O

I 
m

od
el

s.
 B

ol
de

d 
ite

m
s 

in
di

ca
te

 it
em

s 
w

ith
 s

ig
ni

fi
ca

nt
 a

ss
oc

ia
tio

n 
w

ith
 G

E
C

.

T
B

I 
M

od
el

G
ro

up
P

ar
am

et
er

E
st

im
at

e
St

an
da

rd
 E

rr
or

t
p

N
or

m
al

 L
im

its
F

B
II

5.
76

1.
30

4.
45

.0
00

FA
D

5.
32

1.
63

3.
26

.0
01

A
ut

ho
ri

ta
tiv

e
-.

03
.0

8
-.

32
.7

47

A
ut

ho
ri

ta
ri

an
.1

6
.0

9
1.

72
.0

87

P
er

m
is

si
ve

.5
1

.1
1

4.
80

.0
00

C
lin

ic
al

ly
 E

le
va

te
d

F
B

II
6.

55
1.

56
4.

20
<.

00
1

FA
D

-3
.5

1
2.

37
-1

.4
8

.1
4

A
ut

ho
ri

ta
tiv

e
-.

05
.1

2
-.

46
.6

5

A
ut

ho
ri

ta
ri

an
.0

1
.1

4
.0

7
.9

4

P
er

m
is

si
ve

.5
2

.1
6

3.
27

.0
01

O
I 

M
od

el

G
ro

up
Pa

ra
m

et
er

E
st

im
at

e
St

an
da

rd
 E

rr
or

t
p

N
or

m
al

 L
im

its
FB

II
1.

07
2.

08
.5

2
.6

07

FA
D

3.
17

1.
94

1.
63

.1
04

A
ut

ho
ri

ta
tiv

e
.0

1
.0

7
.1

8
.8

60

A
ut

ho
ri

ta
ri

an
.1

0
.1

3
.7

7
.4

42

Pe
rm

is
si

ve
.2

5
.1

3
1.

88
.0

61

Su
bc

lin
ic

al
F

B
II

4.
71

1.
48

3.
19

.0
02

FA
D

2.
28

1.
64

1.
39

.1
65

A
ut

ho
ri

ta
tiv

e
-.

10
.0

6
-1

.7
4

.0
83

A
ut

ho
ri

ta
ri

an
.0

2
.0

9
.2

6
.7

92

P
er

m
is

si
ve

.3
0

.1
1

2.
84

.0
05

C
lin

ic
al

ly
 E

le
va

te
d

F
B

II
10

.3
7

1.
82

5.
70

<.
00

1

FA
D

1.
70

1.
62

1.
05

.2
94

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Narad et al. Page 18

T
B

I 
M

od
el

G
ro

up
P

ar
am

et
er

E
st

im
at

e
St

an
da

rd
 E

rr
or

t
p

A
ut

ho
ri

ta
tiv

e
.0

1
.0

7
.2

0
.8

45

A
ut

ho
ri

ta
ri

an
.1

4
.0

9
1.

60
.1

10

P
er

m
is

si
ve

.3
2

.1
2

2.
71

.0
07

N
ot

e:
 S

ig
ni

fi
ca

nt
 p

os
iti

ve
 p

ar
am

et
er

 e
st

im
at

e 
in

di
ca

te
s 

th
at

 g
re

at
er

 s
co

re
s 

on
 th

at
 f

ac
to

r 
ar

e 
as

so
ci

at
ed

 w
ith

 g
re

at
er

 G
E

C
 w

ith
in

 th
at

 tr
aj

ec
to

ry
. G

E
C

 =
 B

eh
av

io
r 

R
at

in
g 

In
ve

nt
or

y 
of

 E
xe

cu
tiv

e 
Fu

nc
tio

n 
G

en
er

al
 E

xe
cu

tiv
e 

C
om

po
si

te
, F

B
II

 =
 F

am
ily

 B
ur

de
n 

of
 I

nj
ur

y 
In

te
rv

ie
w

, F
A

D
 =

 F
am

ily
 A

ss
es

sm
en

t D
ev

ic
e

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 March 01.


	Abstract
	Method
	Participants and Study Design
	Measures
	Executive functioning
	Time-invariant risk factors
	Time-varying risk factors

	Data analysis

	Results
	Determining executive functioning trajectories
	TBI models
	OI models


	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

