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Abstract

Objective—To compare long-term functional outcome trajectories of individuals with traumatic 

brain injury (TBI) who survive with those who expire more than 5 years postinjury, using 

individual growth curve analysis.

Design—Secondary analysis of data from a multicenter longitudinal cohort study.

Setting—Acute inpatient rehabilitation facilities that are current or former TBI Model Systems.

Participants—Individuals 16 years and older with a primary diagnosis of TBI.

Main Outcome Measures—Glasgow Outcome Scale–Extended; Disability Rating Scale.

Results—Individuals in the TBI Model Systems who expire several years after injury 

demonstrate worse functional status at baseline and a steeper rate of decline over time as measured 

by both the Glasgow Outcome Scale–Extended and the Disability Rating Scale. There was 

significant variability in each growth parameter (P < .05) for both instruments. A reduced model 

was built for each outcome, including all covariates that related significantly to the growth 

parameters. An interactive tool was created for each outcome to generate individual-level 

trajectories based on various combinations of covariate values.

Conclusion—Individuals with TBI who die several years after injury demonstrate functional 

trajectories that differ markedly from those of survivors. Opportunities should be sought for health 

management interventions to improve health and longevity after TBI.
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TRAUMATIC BRAIN INJURY (TBI) is a major health problem associated with significant 

mortality and morbidity.1 A wealth of research demonstrates increased mortality relative to 

the general population, even among individuals who survive the injury itself.2–6 Results 

from a large prospective case-control study indicated that the risk of death among 

individuals with TBI compared with controls remained up to 7 times greater for at least 13 

years after hospital admission.7

Although there is a perception that mortality after TBI has become less common in recent 

years thanks to improvements in field triage and critical care, the data do not support this 

notion.8 A recent meta-analysis of case series studies on severe TBI and acute mortality 

found that although the overall mortality rate in TBI decreased significantly between 1970 

and 1990 due to advances in imaging technology and intensive care, there has been no 

significant decline in acute TBI–related mortality since 1990.9 Anothermeta-analysis of 

observational outcome studies of severe TBI conducted between 1980 and 201110 similarly 

revealed no major reduction in mortality or other unfavorable outcomes. Mortality among 

individuals who survive a moderate-to-severe TBI has also remained constant. Brooks and 

colleagues11 evaluated mortality rates of individuals with moderate-to-severe TBI admitted 

to a TBI Model Systems (TBIMS) facility between 1989 and 2011 who survived at least 1 

year postinjury and found no reduction in mortality over this time period.

The factors leading to mortality among individuals who survive TBI are poorly understood. 

Several studies have evaluated causes of death among individuals with a history of TBI 

often using data extracted from death certificates. Compared with community controls, one 

study found that the rates of death among individuals with TBI were significantly higher for 

circulatory, respiratory, digestive, mental/behavioral, and external causes.7 In another study 

comparing individuals with TBI with the general population, the likelihood of death was 

higher among individuals with TBI for all cause of death categories, especially seizures, 

aspiration pneumonia, sepsis, accidental poisonings, and falls.4 Across nearly all age groups, 

individuals with TBI were more likely to die of a variety of potentially treatable conditions.2 

Premature death among individuals who survive a TBI is likely a result of multifactorial 

processes that may include poor health management, exacerbation of preexisting conditions, 

and consequences of the injury or other injuries.12

Little is known about the functional trajectories that precede death among TBI survivors 

who experience a shortened overall life span. If there is a functional decline, it is not known 

whether it is abrupt or gradual. Several studies have demonstrated that functioning may vary 

in the years postinjury and trajectories may include periods of both improvement and decline 

over time.12 Further research is needed to understand the relationship between mortality and 

individual trajectories of overall functioning.

The goal of this study was to evaluate whether the long-term functional ability trajectories of 

individuals with TBI who go on to die during the course of the study are distinguishable 

from those who survive by evaluating death as a covariate while controlling for baseline 

characteristics using 2 of the most commonly used TBI outcome measures: the Glasgow 

Outcome Scale–Extended (GOS-E) and the Disability Rating Scale (DRS). To this end, if 

trajectories of nonsurvivors are distinguishable from those of their surviving counterparts, 
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this may alert clinicians of the need to implement preventive interventions when their own 

patients begin to display trajectories similar to those of nonsurvivors.

METHODS

Data source and participants

The TBIMS National Database (NDB) contains findings from a multicenter, longitudinal 

study of TBI outcomes funded by the US Department of Education, National Institute on 

Disability and Rehabilitation Research. Further information about the database, measures, 

and study protocols can be found at www.tbindsc.org. Individuals who are enrolled in the 

TBIMS NDB have sustained a TBI as defined by at least one of the following 

characteristics: Glasgow Coma Scale score of less than 13 (not because of intubation, 

sedation, or intoxication) on emergency admission, loss of consciousness for more than 30 

minutes (not because of sedation or intoxication), posttraumatic amnesia for more than 24 

hours, or trauma-related intracranial abnormality on neuroimaging. All TBIMS NDB 

participants are 16 years or older at the time of injury, receive medical care in a TBIMS-

affiliated trauma center within 72 hours of injury, are transferred to an affiliated inpatient 

TBI rehabilitation program, and provide informed consent to participate or consent by legal 

proxy. Participants complete a standard assessment protocol during inpatient rehabilitation 

and are followed prospectively (1, 2, and 5 years postinjury and every 5 years thereafter) 

with a standard follow-up assessment protocol.

Study design

This cohort study intended to describe the longitudinal characteristics of participants within 

the TBIMS based on their scores on the GOS-E and the DRS, using individual growth curve 

(IGC) analysis. The IGC, also known as mixed-effects modeling, is a special case of 

hierarchical linear modeling. The IGC analysis is well suited to the current longitudinal 

study because outcomes can be directly related to time while taking into account correlations 

between data points resulting from repeated measures. More importantly, however, IGC 

analysis allows for modeling outcome at the individual level by establishing relationships 

between change and the factors that influence it. A benefit of IGC analysis that is pertinent 

to this study is the ability to gain meaningful information about change in outcome even 

when data are collected at staggered time points: that is, across individuals, data need not be 

recorded at equivalent time points. Additional benefits (and limitations) of conducting an 

IGC analysis are outlined in Kozlowski et al.13

The dates that define each cohort ranged from the date the outcome measure was introduced 

into the database through September 2012. The first data on the DRS were collected in 

January 1989, whereas the start date of the GOS-E was July 2000. Prior to July 2000, 

information on TBIMS participants was captured using the 5-point Glasgow Outcome Scale 

(GOS). The more psychometrically sound GOS-E replaced the GOS in July 2000; 

individuals who had previously been assessed with the GOS were evaluated at subsequent 

follow-ups with the GOS-E. Consequently, for many individuals, their first GOS-E 

assessment did not occur at their first study follow-up but instead some time afterward. To 
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control for this variability in time at initial GOS-E measure, age at first GOS-E assessment 

was used as a statistical control.

An essential requirement of conducting an IGC analysis is that each individual must have at 

least 3 temporal measures. Those who die soon after injury (before 3 measures can be 

recorded) would not have enough information with which to form temporal trajectories. 

Therefore, only those who participated in at least 3 follow-up assessments were included in 

these analyses, with study results not reflective of those who die soon after injury. For the 

GOS-E, 3870 of 4178 individuals had sufficient data for inclusion in longitudinal analysis 

whereas 4233 of 7817 individuals were eligible for longitudinal analysis based on the DRS. 

Of the 3870 individuals with sufficient GOS-E records, 159 were reported as deceased, and, 

of the 4233 individuals with sufficient DRS records, 229 were deceased. Demographic 

information is presented in Table 1 for the samples included in the GOS-E and DRS 

analyses who did and did not survive. The demographic makeup of survivors and 

nonsurvivors is similar, although nonsurvivors tend to be older. Note that for GOS-E 

analyses, age at injury, and age at first GOS-E assessment are highly collinear (r = 0.91) and 

therefore only age at first GOS-E assessment was used in the GOS-E analysis, as discussed 

earlier.

Variables

Outcome measures—The GOS-E is a measure of overall disability that is widely used in 

TBI outcome studies.14 The GOS-E overcomes some of the measurement limitations of the 

original GOS15–17 using an 8-point scale that includes the following levels: dead (level 1), 

vegetative state, lower severe disability, upper severe disability, lower moderate disability, 

upper moderate disability, lower good recovery, and upper good recovery (level 8). Since 

death was a covariate of interest in this study, level 1 was removed from the measure. In 

other words, if the GOS-E was coded as “1” in the NDB upon notification of a participant’s 

death, that data point would not be included in this study. In the TBIMS, the GOS-E is first 

administered at the 1-year postinjury follow-up evaluation and at each subsequent follow-

up.

The DRS was designed to measure general functional changes throughout the course of 

recovery from moderate-severe TBI. The DRS includes 8 items that assess skills such as eye 

opening, communication, motor response, feeding, toileting, grooming, level of functioning, 

and employability. Scores on the DRS range from 0 (no disability) to 30 (death), but since 

death was a covariate in this study, we again removed scores of 30 from outcome 

assessment and included only DRS scores ranging from 0 to 29 (extreme vegetative state). 

In the TBIMS, the DRS is administered at inpatient rehabilitation admission and discharge, 

as well as interval follow-ups. For this study only DRS data collected at follow-up were 

used for 2 reasons: first, we wanted to align temporal measures recorded on the DRS with 

those captured by the GOS-E. More importantly, previous modeling18,19 showed that 

change from admission to discharge greatly overshadows that which occurs during follow-

up. Thus, to better understand how change may be related to death among individuals who 

survive past acute rehabilitation, it was necessary to remove the overpowering influence of 

change from the rehabilitation process.
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Covariate selection—Covariates were selected a priori based on previous literature, 

suggesting associations between covariates and outcome or change in outcome over time. 

Age,3,20–24 sex,22,25 education,20,26 race,23 rehabilitation length of stay (RLOS),27 and 

Functional Independence Measure (FIM) performance at inpatient rehabilitation 

admission20,23 are all associated with functional outcome and recovery and therefore were 

considered as candidate covariates. The FIM is an 18-item measure of functional 

independence28; the current study uses data collected at rehabilitation admission on both the 

13-item Motor FIM and 5-item Cognitive FIM subscales. Each item in these subscales is 

scored from 1 (total assistance) to 7 (complete independence), yielding a score range of 13 

to 91 for the Motor FIM subscale and 5 to 35 for the Cognitive FIM subscale. Race is 

entered in the TBIMS NDB on the basis of self-report and is coded here as white or other. 

Sex is coded as male or female, and RLOS is the total number of days between inpatient 

rehabilitation admission and discharge. Age at injury was a continuous variable. Education 

was measured in years and coded categorically as greater than high school or high school or 

less (12 years of education). The covariate of particular interest in the current study was 

“living status,” which distinguished individuals who were alive at the time of third 

measurement point from those who were deceased. As described in our previous article on 

the GOS-E,19 education could not be included as a covariate in these models because 

extensive missing data for this variable resulted in a reduction in the sample size of 24%. 

Therefore, the covariates included in the GOS-E models are living status, age at first GOS-E 

assessment, Cognitive FIM at rehabilitation admission, Motor FIM at rehabilitation 

admission, race, sex, and RLOS. The covariates included in DRS models are living status, 

Cognitive FIM at rehabilitation admission, Motor FIM at rehabilitation admission, age at 

injury, race, sex, education, and RLOS.

Data analysis

All analyses were conducted using SAS (version 9.3). We used IGC analysis to provide a 

descriptive account of individual-level trajectories for participants in the TBIMS NDB. In 

the current study, we investigated temporal trajectories at the individual level for the GOS-E 

and the DRS conditioned upon the a priori selected covariates discussed earlier, where 

statistically significant variances across growth parameters (for both models) warranted 

covariate inclusion. In addition, because individual-level change can be readily observed, an 

interactive tool that generates longitudinal trajectories based on different covariate values 

was created (https://www.tbindsc.org/Researchers.aspx). For additional information on the 

modeling/statistical approaches adopted in this study, see the works by Pretz and Dams-

O’Connor,18 Kozlowski et al,13 and Pretz et al.19

This study is an extension of the works of Pretz and Dams-O’Connor18 and Pretz et al29 in 

that we focus on how trajectories for those known to be deceased differ from those living. 

We compared trajectories of deceased and living TBIMS participants for each outcome by 

constructing a model that (in addition to the covariates used in the previous studies) included 

living status where 1 = “alive” and 0 = “deceased.” It is important to recognize that not only 

do covariates act as individual-level descriptors they can also be seen as factors upon which 

trajectories are conditioned, that is, the covariates serve as statistical controls. After 

introducing living status into the modeling process, the data for each outcome were 
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reanalyzed, and we used type III sums of squares (with a cutoff P value of .05) to identify 

which covariates should be retained, resulting in a reduced model. Although model 

diagnostics for each outcome were performed, no data alterations were deemed necessary 

because of the robustness of the modeling approach and the descriptive focus of the study.

RESULTS

Glasgow outcome scale–extended

As was seen in the prior study that used these data,18 comparison of Akaike information 

criterion values indicated a quadratic model was the best descriptor of change in the GOS-E 

over time; hence, the growth parameters of interest were the intercept, linear change, and 

quadratic change. The estimates of the growth parameters and the associations between the 

covariates and growth parameters for the GOS-E are provided in Table 2.

Living status was directly linked with individual-level change measured by the GOS-E as 

indicated by Table 2. In particular, living status was related to the intercept and linear 

change. Although Table 2 displays estimates of the growth parameters as well as estimates 

of the relationships between growth parameters and covariates, this table is unable to 

comprehensively illustrate the differences in projected outcome as measured by the GOS-E 

for survivors and nonsurvivors. To better illustrate this finding, Figure 1 shows the 

functional trajectory of survivors compared with those who were deceased, using the 

remaining covariates as controls. In Figure 1, trajectories for the living versus the deceased 

are presented for individuals who were white, aged 26 years when their first GOS-E score is 

recorded, had an RLOS of 30 days, and had Cognitive and Motor FIM scores at admission 

to rehabilitation of 11 and 33, respectively.

The trajectory for those who were deceased is markedly different from those who were 

living as seen in Figure 1. Those who were deceased at follow-up begin with a first GOS-E 

score nearly a point below those living. The trajectory for the deceased displayed an almost 

constant decline compared with a trajectory of slight improvement, followed by delayed 

decline beginning near year 10 for the living. Amore detailed description of how trajectories 

change over time is given by the corresponding instantaneous rate of change plot (see Figure 

2), which provides the rate of change in outcome for any point in time. According to Figure 

2, the rate of decline for the deceased was twice that of survivors after year 10.

This example illustrates trajectories for only one of numerous subsamples of individuals in 

the NDB that can be created with the interactive tool: readers can enter any plausible 

combination of covariate values and view the resulting trajectories for survivors and 

nonsurvivors with those characteristics. Thus, the interactive tool can be used to create 

customized trajectory comparisons of survivors and nonsurvivors based on specific 

individual characteristics as defined by a particular combination of covariates. Regardless of 

the covariate combination selected, a common theme was observed: trajectories for the 

deceased begin lower and decline more rapidly than those for survivors despite variation in 

the individual-level trajectories. The interactive tool can be found on the TBIMS National 

Data and Statistical Center Web site at https://www.tbindsc.org/Researchers.aspx.
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Disability rating scale

The initial IGC analysis of the DRS using the NDB19,29 investigated a time span ranging 

from rehabilitation admission to the most recent follow-up measure (up to 20 years after 

injury for some individuals) and was best described by a negative exponential function. As 

the focus of this study was long-term postrehabilitation change, we revisited the modeling 

process to identify the best-fitting model for describing temporal change on the DRS from 1 

year postinjury and beyond. Comparison of Akaike information criterion values suggested a 

quadratic model best related time to outcome for the timeline of interest. Table 3 displays 

the growth parameter estimates along with estimates of the relationships between the 

covariates and growth parameters for the DRS.

Living status was related to the intercept, linear, and quadratic change of the DRS-based 

trajectories as demonstrated in Table 3. Since these results are easier to understand visually, 

Figure 3 illustrates how trajectories of nonsurvivors differ from those of survivors. The 

example in Figure 3 shows trajectories of functional outcome as measured by the DRS for 

individuals who were white, 34 years old when they sustained a TBI, had cognitive and 

Motor FIM admission scores of 15 and 40, respectively, had more than high school 

education, and had a RLOS of 39 days. Individuals in this subsample who were living had 

an initial DRS score of 3 (at 1 year postinjury) and typically maintained that score until year 

8. After year 8, DRS scores increased in a parabolic fashion in this subsample, indicating a 

decline in functional status such that by year 20, the projected DRS score was 5.5. In 

contrast, those who died began with a DRS score of 4, indicating a greater level of disability 

at baseline than survivors and that score increased steadily over time resulting in a projected 

DRS score just above 7 by year 20. There was a notable gap of at least 2 points on the DRS 

between the living and deceased by about 10 years postinjury and for those who died 

demonstrating worse functional status. The instantaneous rate of change plot for this 

subsample (see Figure 4) shows that the change trajectory for the living was minimized 

(minimum DRS score) at year 4 and that the rate of decline increases beyond this point. For 

nonsurvivors, the instantaneous rate of change plot confirms that decline was relatively 

steady with no minimum or maximum rate of change evident over time. The interactive tool 

can be found on the TBIMS National Data and Statistical Center Web site at https://

www.tbindsc.org/Researchers.aspx.

In addition to establishing the associations between the growth parameters and covariates, 

we also assessed the amount of variability explained by themodel covariates. In the case of 

the GOS-E, 28.4% of the variability in the intercepts, 17.5% of the variability in the linear 

term, and 23.8% of the variability in the quadratic term were explained by the model 

covariates. For the DRS, 26.1% of the variance in the intercepts was explained by the model 

covariates whereas 8% and 6.2% of the variance was explained in the linear and quadratic 

terms, respectively. These results indicate that in future studies, additional covariates may be 

used to explain yet more variability in the growth parameters.

DISCUSSION

Results from this study demonstrated that among individuals who survived several years (at 

least 5 years, in most cases) after sustaining a moderate-severe TBI, those who died during 
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the course of the study experienced a different trajectory of functional status compared with 

those who survived. In particular, those who died demonstrated worse functional status at 

baseline and demonstrated a steeper rate of functional decline over time. The survivors 

tended to experience a subtle improvement in the years following injury, followed by a 

delayed and more gradual decline. These findings may suggest that the rate of functional 

decline, as measured by brief and readily available assessment instruments, could be a 

telling marker of health risk that can be used in primary care or rehabilitation settings to 

signal when more intensive health management may be needed.

Several studies have demonstrated that individuals with TBI who survive the injury event 

tend to have shortened life expectancy.2–7 While it is generally accepted that someone who 

has sustained a moderate-to-severe TBI is likely to die sooner than a demographically 

matched control, very few studies have investigated individual differences in survival 

among those who live many years after TBI. Consequently, little is known about the risk 

factors that may unfold over time prior to premature mortality or about the potential 

protective factors associated with survivorship. Premature mortality is likely a consequence 

of a multitude of factors that evolve over time, with healthcare access and usage likely 

playing a role. Some studies indicate that people with disabilities underutilize primary and 

preventive healthcare,30,31 whereas others find higher costs and greater numbers of medical 

encounters among individuals with disabilities.32,33 Frequent doctor visits could reflect 

either excellent health management or extreme sickness; infrequent visits could indicate 

either excellent health (low need for medical care) or poor health that is not being properly 

managed. Although research on barriers to post-TBI healthcare access is scarce, Powell and 

colleagues34 reported that unmet service needs in TBI survivors result from physical 

mobility impairments, worsening cognitive symptoms in the year immediately postinjury, 

and/or impaired awareness of cognitive changes. Forty seven percent of individuals with 

TBI reported at least 1 barrier to service access 1 year after hospital discharge.35 Given that 

TBI-related cognitive, physical, and emotional symptoms may pose unique barriers to 

healthcare utilization and health maintenance, undertreated poor health is most concerning, 

particularly when considered in light of research that suggests individuals who survived a 

moderate-to-severe TBI were more likely than the general population to die of conditions 

that are potentially treatable.2

As TBI is increasingly recognized as a chronic health condition,12,36,37 questions arise 

regarding medical management needs of survivors as they age. A chronic disease 

management approach that includes proactive preventive healthcare, health maintenance 

interventions, and supported self-management may be warranted, at least for some 

individuals with TBI. The results of this study suggest that global outcome status may be an 

important indicator that a TBI survivor is experiencing a decline in functioning that may 

suggest or reflect a risk for health decline. A decline as indexed by a global outcome 

measure may warrant clinical follow-up to investigate what aspects of health, disability, or 

functioning underlie this decline. Fortunately, functional status assessments such as the 

GOS-E and the DRS can be implemented quickly and inexpensively in a variety of settings.
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Limitations

When interpreting the results of this study, it is critical to consider individual-level 

trajectories as direct products of the covariate/growth parameter associations; they do not 

necessarily represent explicit pathways taken by a particular individual or group of 

individuals. As such, each trajectory created by the interactive tool is a mathematical 

projection of how we would expect individual-level change to occur for individuals who 

share similar values on the selected covariates based on the longitudinal information 

contained within the TBIMS NDB. Accordingly, if one were to enter implausible or unlikely 

combinations of covariate values into the interactive tool (eg, 22 years of age and 2 years of 

education), the resulting trajectories would be invalid since the NDB likely does not contain 

data from individuals with that set of characteristics.

The GOS-E and DRS functional outcome trajectories that were presented, as well as those 

generated by the interactive tool, were based on current TBIMS NDB participants who met 

the inclusion/exclusion criteria of the parent TBIMS study and of this study. Therefore, it 

may not be accurate to generalize those trajectories to individuals with TBI who are 

dissimilar to those included in the TBIMS. In addition, the results may not fully represent 

more recent TBIMS NDB participants who have not yet completed the necessary 3 

assessment points. The current study was primarily descriptive, and neither the results of this 

study nor the interactive tools were intended to be used to make statistical inferences about 

individual TBI survivors outside of the TBIMS NDB. As in all studies, we encourage 

reconfirmation of these findings 5 to 10 years from now when additional follow-up data are 

available.

Finally, there were some measurement limitations to the outcome measures used in this 

study. Both the GOS-E and the DRS are global outcome measures that are relatively 

insensitive to subtle variations, particularly among higher-functioning individuals. While the 

DRS and the GOS-E are attractive options to use as screeners in primary care settings, given 

their brevity and ease of administration, these measures may not detect subtle functional 

decline. For the purposes of IGC, both the GOS-E and the DRS are limited in that they are 

not continuous, and continuous outcomes are preferred when using IGC analysis. This 

limitation is not unique to this study, as most rehabilitation outcome measures, including 

these, are quasi continuous at best. However, simulation studies have demonstrated that 

quasi-continuous outcomes adequately approximate their continuous counterparts and 

produce valid results.38

CONCLUSIONS

Individuals with TBI may be at risk for a variety of secondary health problems, high disease 

comorbidity, and shortened life span. The results of this study demonstrate clear differences 

between survivors and nonsurvivors on measures of global functional outcome. Individuals 

who died had lower functional status at baseline and steeper decline over time. These 

findings suggest that there may be opportunities for health management or other 

interventions to improve life quality and longevity after TBI. Further research and 

surveillance work is needed to determine the precise mechanisms contributing to health 

Dams-O’Connor et al. Page 9

J Head Trauma Rehabil. Author manuscript; available in PMC 2015 July 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



decline to inform the development of interventions to prevent or slow the trajectory of 

functional decline among adult TBI survivors.
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Figure 1. 
Sample trajectories of GOS-E scores for individuals who were living (solid line) and 

deceased (hashed line). GOS-E indicates Glasgow Outcome Scale–Extended.
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Figure 2. 
Instantaneous rate of change plots of GOS-E scores for individuals who were living (solid 

line) and deceased (hashed line). GOS-E indicates Glasgow Outcome Scale–Extended; IRC, 

instantaneous rate of change.
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Figure 3. 
Sample trajectories of DRS scores for individuals who were living (solid line) and deceased 

(hashed line). DRS indicates Disability Rating Scale.
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Figure 4. 
IRC plots of DRS scores for individuals who were living (solid line) and deceased (hashed 

line). DRS indicates Disability Rating Scale; IRC, instantaneous rate of change.
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TABLE 2

Estimates of the growth parameters and the relationships between the growth parameters and covariates for the 

GOS-E

Growth
parameter/covariate Estimate P

Lower 95%
confidence limit

Upper 95%
confidence limit

Intercepta 5.9962 <.0001 5.9383 6.0541

Linear changea 0.09993 <.0001 0.08481 0.1150

Quadratic changea − 0.00505 <.0001 − 0.00637 − 0.00373

Intercept/living status − 0.6523 <.0001 − 0.8988 − 0.4057

Linear change/living status − 0.1073 <.0001 − 0.1486 − 0.06593

Intercept/age at first legitimate GOS-E assessment − 0.01224 <.0001 − 0.01520 − 0.00928

Linear change/age at first legitimate GOS-E assessment − 0.00289 <.0001 − 0.00381 − 0.00197

Quadratic change/age at first legitimate GOS-E assessment 0.000139 .0019 0.000052 0.000227

Intercept/Cognitive FIM at admission 0.02648 <.0001 0.01951 0.03344

Intercept/Motor FIM at admission 0.01696 <.0001 0.01374 0.02019

Linear change/Motor FIM at admission − 0.00141 <.0001 − 0.00209 − 0.00074

Quadratic change/Motor FIM at admission 0.000067 .0108 0.000015 0.000118

Intercept/race − 0.6245 <.0001 − 0.7173 − 0.5316

Intercept/RLOS − 0.01274 <.0001 − 0.01478 − 0.01070

Abbreviations: FIM, Functional Independence Measure; GOS-E, Glasgow Outcome Scale–Extended; RLOS, rehabilitation length of stay.

a
Growth parameter.
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TABLE 3

Estimates of the growth parameters and the relationships between the growth parameters and covariates for the 

DRS

Growth
parameter/covariate Estimate P

Lower 95%
confidence limit

Upper 95%
confidence limit

Intercepta 2.6754 <.0001 2.5429 2.8079

Linear changea − 0.1406 <.0001 − 0.1640 − 0.1173

Quadratic changea 0.01034 <.0001 0.008796 0.01189

Intercept/age at injury 0.02009 <.0001 0.01465 0.02553

Linear change/age at injury 0.004732 <.0001 0.004031 0.005433

Intercept/Cognitive FIM at admission − 0.05328 <.0001 − 0.06673 − 0.03984

Intercept/Motor FIM at admission − 0.02856 <.0001 − 0.03496 − 0.02215

Linear change/Motor FIM at admission 0.001982 .0030 0.000675 0.003289

Quadratic change/Motor FIM at admission − 0.00018 <.0001 − 0.00027 − 0.00010

Intercept/race 0.6421 <.0001 0.4670 0.8172

Intercept/RLOS 0.03305 <.0001 0.02858 0.03752

Linear change/RLOS − 0.00325 <.0001 − 0.00428 − 0.00223

Quadratic change/RLOS 0.000105 .0020 0.000038 0.000172

Intercept/education − 0.8824 <.0001 − 1.0504 − 0.7143

Intercept/living status 0.8195 .0003 0.3786 1.2604

Linear change/living status 0.2973 <.0001 0.1904 0.4041

Quadratic change/living status − 0.01292 .0008 − 0.02043 − 0.00541

Abbreviations: DRS, Disability Rating Scale; FIM, Functional Independence Measure; RLOS, rehabilitation length of stay.

a
Growth parameter.
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