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Abstract

Objectives: To understand how health status preceding traumatic brain injury (TBI) affects
relative functional gain after inpatient rehabilitation using a data mining approach.

Design: Population-based, sex-stratified, retrospective cohort study using health administrative
data from Ontario, Canada (39% of the Canadian population).

Setting: Inpatient rehabilitation.

Participants: Patients 14 years or older (N=5,802; 63.4% males) admitted to inpatient
rehabilitation within one-year of a TBI-related acute care discharge between April 1, 2008 and
March 31, 2015.

Interventions: Not applicable.

Main Outcome Measures: Relative functional gain (RFG) in percent, calculated as
[(Discharge FIM-Admission FIM)/(126-Admission FIM) x 100]. Health status prior to TBI was
identified and internally validated using a data mining approach that categorized all International
Classification of Diseases Version 10 codes for each patient.

Results: The average RFG among males was 52.8+27.6% and among females, 51.6+£27.1%. Sex-
specific Bonferroni adjusted multivariable linear regressions identified 10 factors of pre-injury
health status related to neurology, emergency medicine, cardiology, psychiatry, geriatrics, and
gastroenterology that were significantly associated with reduced RFG in FIM for males. Only one
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pre-injury health status category, geriatrics, was significantly associated with RFG in female
patients.

Conclusions: Comorbid health conditions present up to five years preceding the TBI event were
significantly associated with RFG. These findings should be considered when planning and
executing interventions to maximize functional gain and to support an interdisciplinary approach.
Best practices guidelines and clinical interventions for older males and females with TBI should
be developed to account given the increasingly aging TBI population.

Keywords
Brain injuries; Comorbidity; Rehabilitation; Data mining; International Classification of Diseases

Traumatic brain injury (TBI) has been defined as “an alteration in brain function, or other
evidence of brain pathology, caused by an external force”.1 As the population of patients
with TBI in inpatient rehabilitation continue to rapidly age,? an increasing number of
patients is expected to enter rehabilitation with multiple comorbid health conditions that
may have been present for a long time. Existing literature has provided strong evidence that
comorbid health conditions negatively impact outcome after TBI. For example, research has
indicated that higher burden of medical comorbidities and select conditions such as
hypertension, diabetes, cancer, rheumatoid arthritis, chronic bronchitis anxiety, depression,
and substance abuse were associated with lower functional outcome.3-> While these studies
provided key information to support clinical care for TBI, only select health conditions
captured in surveys were included and as such, other comorbidities that may impact
functional outcome were not assessed. Some studies also assess comorbidities based on self-
reports,35 which may be affected by memory bias, or use pre-defined measures of
comorbidities (e.g., Charlson Comorbidity Index, Aggregated Diagnosis Groups) that were
neither developed for the TBI population nor for the purpose of measuring functional
outcome,57 which may limit our understanding of the association between comorbidities
among patients with TBI and functional outcome. Comprehensive data on all comorbid
health conditions and related health experience must be identified to inform evidence-based
client-centred rehabilitation services.

A recognized challenge in understanding how comorbidities affect rehabilitation outcomes is
that TBI can happen to anyone, regardless of age, sex, and socioeconomic status. This
heterogeneity makes it challenging to meaningfully categorize the health status of patients
with TBI. The use of multiple testing and factor analyses on health administrative data have
been demonstrated to be effective in addressing this challenge,® as it can group complex
comorbidities and social/environmental circumstances from volumes of data captured in
health administrative datasets or electronic medical records. For TBI, 43 factors of health
status preceding the TBI event have been identified to provide the foundation to overcome
the challenge in sorting through complex medical conditions to understand how they affect
outcomes after rehabilitation for TBI.

The objective of this population-based study was to determine how pre-injury health status
(i.e., comorbid health conditions and personal, social, and environmental factors), present
five years prior to the TBI event, affects relative functional gain during inpatient
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rehabilitation. Twelve years of health administrative data from the province of Ontario in
Canada, home to 39% of the Canadian population,® were used and all comorbid health
conditions and related health problems were extracted.

Research ethics approval was received from KITE-Toronto Rehab, University Health
Network and University of Toronto.

Data Source

Sample

Variables

Population-based health administrative data from Ontario, Canada were used for this study.
Data on TBI-related acute care admissions were extracted from the Canadian Institute for
Health Information (CIHI) Discharge Abstract Database (DAD), which contains information
on all demographic, clinical, and discharge, transfers, and deaths in Canada.19 Data on
patients who were admitted to inpatient rehabilitation were obtained from the National
Rehabilitation Reporting System (NRS), which contains information on all demographic,
clinical, and rehabilitation activities from all adult inpatient rehabilitation beds within acute
care and freestanding rehabilitation hospitals in Canada.1! These databases are assessed
annually according to five dimensions of data quality as defined by the CIHI Data Quality
Framework: accuracy, timeliness, comparability, usability and relevance.12

All patients aged 14 years and older admitted to inpatient rehabilitation within one-year of
acute care discharge between April 1, 2008 and March 31, 2015 were identified. Even
though the NRS collects data on adult inpatient rehabilitation beds, patients between age 14
and 18 years, inclusive (N=112; 1.9% of total sample), were identified in our dataset and as
such, were included in this study.

Patients with a TBI-related acute care visit were identified in the DAD using the following
ICD-10 codes: S02.0, S02.1, S02.3, S02.7, S02.8, S02.9, S06, S04.0, and S07.1. Literature
reviews have identified an association between these codes and TBI and have been used
extensively in Ontario to identify TBI in health administrative data.6:8:13-17 The patients’
first TBI-related acute care admission during the study period was identified from the DAD.
Using unique de-identified patient IDs, their data were merged with the NRS to identify
those who were admitted to inpatient rehabilitation within one-year of acute care discharge.
This ensured that the acute care and inpatient rehabilitation records were matched to each
patient, and that each patient was only captured once.

The outcome variable for this study was relative functional gain (RGF) in percent, defined as
the total FIM at discharge minus the total FIM at admission, divided by the maximum
possible change in FIM (i.e., 126 minus admit FIM score) in percent. The FIM (Functional
Independence Measure) consists of 18 items, scored on a 7-point Likert scale, that measure
the cognitive and physical disability of an individual.18 This outcome measure takes into
account the maximum functional gain possible for each patient and has been applied in
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rehabilitation research across diverse health conditions.1® A negative 50% RFG was used a
cut off for outliers (Supplementary File 1, Figure 1) and these outliers’ RFG was adjusted to
-50% and remained in the sample.

Covariates included in this study were identified through previous research on TBI and
inpatient rehabilitation.28:13.20-22 Demographic variables included: (a) age at acute care
discharge; (b) rural residence (yes vs. no), determined based on the individual postal codes
designated as being rural by the Canadian Postal Service; and (c) income quintile, defined as
the relative household income adjusted for household size and community (1=lowest,
5=highest).

Injury-related variables included: (a) injury severity, measured using the Abbreviated Injury
Severity (AIS) for head and face and categorized as mild (1-2), moderate (3), severe (4+)
and unspecified (i.e., diagnosis code was not specific enough to determine severity of
injury):23 (b) mechanism of injury, categorized as falls, motor vehicle collision, struck by/
against an object, and other;24 (c) sports-related (yes vs. no);2° and (d) intent of injury,
categorized as intentional, unintentional, and other.24

Acute care-related variables included (a) fiscal year of discharge; (b) acute care length of
stay (LOS), defined as the number of days between acute care admissions and discharge,
excluding alternate level of care (ALC) days; (c) special care days, defined as the number of
days in an intensive care unit; and (d) alternate level of care days, defined as days in which a
patient is still occupying an acute care bed when a physician or designated other has
indicated that his/her acute care treatment has finished.26

Inpatient rehabilitation-related variables included (a) rehabilitation LOS, defined as the
number of days from admission to discharge (in the multivariable linear regression, LOS
was transformed to a quadratic effect due to a non-linear relationship with RFG; see
Supplementary File 1, Figure 3); (b) admission delay, defined as the number of days
between acute care discharge and admission to inpatient rehabilitation; (c) Rehabilitation
Client Grouping of TBI (yes vs. no), defined as the primary reason for admission to a
particular rehabilitation program;11 (d) TBI as the main diagnosis in inpatient rehabilitation;
and (e) informal support, defined as unpaid assistance available to the patient through ones’
social and/or personal networks (required vs. not required).1!

Pre-injury health status is defined as comorbid health conditions and personal, social, and
environmental factors identified in the emergency department, ambulatory care, or acute care
settings up to five years prior to the TBI-related acute care admission. They were identified
using ICD-10 codes and reduced into 43 factors using multiple testing and factor analysis.®
Briefly, matched McNemar test for all ICD-10 codes (N=2,600 codes based on the first three
alphanumeric characters) were conducted to determine differences between patients with
and without TBI (matched on age, sex, income quintile, and geographic area of residence).
Benjamini-Yekutieli multiple testing method was used to identify ICD-10 codes that were
significantly more likely to occur among patients with TBI compared to patients without
TBI. Factor analysis was then conducted on these significant ICD-10 codes to reduce them
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into 43 factors, with some ICD-10 codes present in multiple factors because factor analyses
identified these codes to be regularly coded with each, which may truly represent shared
pathophysiological mechanisms of different systematic disorders (see Supplementary File,
Table 1, for the list of ICD-10 codes that are captured in each of the factors). These 43
factors were internally validated by randomly splitting our data into training (50%),
validation (25%), and testing (25%) datasets. Additional details are provided in a peer-
reviewed manuscript.8

Sex-specific multivariable linear regressions were conducted for each of the 43 factors,
controlling for all covariates (demographic, injury-related, acute care-related, inpatient
rehabilitation-related, and pre-injury health status variables), with RFG as the outcome
variable. In order to control for multiple testing, a Bonferroni correction was applied to each
test of significance, resulting in a significance value of p<0.001. Besides reporting the usual
95% confidence intervals, Bonferroni adjusted confidence intervals (i.e., estimate
+3.25*standard error) was also reported. All graphs and modelling were completed using
SAS v9.4.

Between April 1, 2008 and March 31, 2015, there were 38,619 patients, aged 14 years or
older, with a TBI-related acute care visit, of whom 15% (N=5,806) were admitted to
inpatient rehabilitation within one-year. Given that the outcome variable was RFG, three
patients were excluded from this cohort because their admit FIM score was 126 (i.e., highest
possible score and therefore, mathematically, their RFG cannot be computed because the
denominator would be equal to zero). One patient was removed due to missing data on acute
care length of stay. The final sample for this study was 5,802 patients, of whom 63.4% were
males. Supplementary File 1, Figure 2 presents CONSORT flow diagram of sample
inclusion. Table 1 presents the characteristics of patients by sex.

The RFG was 52.8+27.6% and 51.6+27.1% for male and female patients, respectively. Sex-
specific Bonferroni adjusted multivariable linear regressions identified 10 pre-injury health
status factors significantly associated with reduced RGF in males compared to those without
the factors. These factors were: (1) Alzheimer’s diseases and dementia: 16.8%; (2) epilepsy,
seizures, brain lesions and other: 8.1%; (3) pulmonary, abdominal and other emergency:
7.7%; (4) stroke and emergencies involving the brain: 5.7%; (5) chronic cardiovascular
pathology: 5.7%; (6) mental health disorders; functional inquiry: 5.3%; (7) disorders of
elderly and medical issues: 5.1%; (8) conditions and symptoms of abdomen and pelvis:
4.4%; (9) metabolic disorders and abdominal symptoms: 3.5%; and (10) cardiovascular
disorders and other: 3.4%.

One factor was significantly associated with reduced RFG among females: disorders of
elderly and medical issues. Patients with this factor had a 4.7% lower RFG compared to
patients without this factor. Table 2 presents the prevalence of each factor in male and
female patients. Figure 1 reports the Bonferroni adjusted and unadjusted estimates with 95%
confidence interval for the significant factors described above. Supplementary File 1, Table
2a and Table 2b lists the association between all 43 factors and RFG and Supplementary File
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2 provides the multivariable linear regression models on the association between all
covariates and RFG for all 43 factors, by sex.

Discussion

This study supports prior research showing that pre-injury health status impacts
rehabilitation outcomes and extends existing knowledge by demonstrating that pre-injury
health status present up to five years preceding TBI significantly reduced the RFG from
3.4% to 16.8%. A key finding is that there are sex differences in the number and types of
pre-injury health status factors that affect RFG. Among males only, 10 factors related to
psychiatry, neurology, cardiology, gastroenterology, and conditions related to the elderly
were significantly associated with reduced RFG. Interestingly, even though the prevalence of
all but one of the 10 factors was higher among females, they were statistically significant
among males only. Further research into these health conditions is encouraged to understand
the influence of sex and/or gender on the experiences of these conditions and impact on
RFG. It is acknowledged the findings on sex differences presented in this study may be
impacted by the smaller sample of female patients in this study compared to males (N=2,215
vs. N=3,677), particularly for some of the pre-injury health status factors. For example, five
factors related to cardiology, emergency medicine, and neurology that were significantly
associated with reduced RFG among males were also significant among females prior to
Bonferroni adjustment. Nonetheless, findings highlight the importance of active
identification and management of chronic conditions in both male and female patients with
TBI in order to maximize functional gain during rehabilitation.

This study also identified the types of health conditions that warrant additional research to
understand how pre-injury health status may be managed prior to and during inpatient
rehabilitation. Of note is the finding that only one category of health status — disorders of the
elderly and other medical conditions — was significantly associated with functional gain
among female patients. This finding is important because the population of TBI in inpatient
rehabilitation is rapidly aging,? particularly among females. The median age of females in
this study was 73 years and females who had experienced previous falls and conditions
consistent with delirium, abnormality of gait and mobility, fatigue, hypertension, and
osteoporosis, and Parkinson’s Disease, had a 4.7% lower change in FIM score compared to
patients without the above conditions. These findings are consistent with previous research
on comorbidities among patients with TBI>13 and highlight the vulnerability of older
females with these conditions to falls and TBI and its impact on functional outcome after
rehabilitation. The future inpatient rehabilitation population for TBI will likely be older
females, yet current best practices/clinical guidelines are predominately based on the
pediatric or adult populations and to the best of our knowledge, none specifically on older
adults that takes into consider the influence of sex and/or gender. As such, clinical practice,
including the introduction of interdisciplinary teams with geriatric expertise, and
interventions based on guidelines developed for the older males and females, must take into
account this aging population to maximize functional outcome for older adults with TBI.
Further in-depth research with clinicians and clients of inpatient rehabilitation is also
encouraged to understand the clinical significance of these findings to support the co-
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creation of patient-oriented interventions that may mitigate the negative impacts of chronic
conditions on adverse rehabilitation outcomes.

Finally, our study on the effects of comorbid health conditions preceding TBI is, to the best
of our knowledge, novel. The data mining procedures used in this study can be successfully
applied in rehabilitation research to comprehensively categorize thousands of diagnosis
codes into meaningful groups that can be used to inform provision of services and supports.
Importantly, it can overcome existing limitations in identifying and incorporating
comorbidities in rehabilitation research, as current studies frequently capture comorbid
health conditions using self-reports, pre-existing measures (e.g., ADGs, CCI), focus on
select health conditions, or are of limited timespan.3-6 As the use of big data become
increasingly common in research, data mining methodologies should be explored and
applied to maximize its potential to inform evidence-based service delivery across all health
conditions.

and Limitations

Limitations associated with using health administrative data are acknowledged. First, there is
currently no consensus on the case definition for TBI across the lifespan, however,
systematic reviews!6:27 and published reports and peer-reviewed papers®-17:28 have used
ICD-10 codes consistent with those applied in this study. The data available in this study are
also limited to those captured in the DAD and NRS and as such, lack information on other
measures, such as race/ethnicity and marital status.#21:29 Methodological limitations include
the use of 43 multivariable linear regressions, which do not account for concurrent pre-
injury health statuses. However, the intent of this study is to provide the foundation for
future research on the types of pre-injury comorbid health conditions warrant further
research and as such, is an appropriate first step to this important area of research.
Furthermore, it is acknowledged p-values are affected by large sample sizes like this present
study and as such, interpretation of findings should also consider the 95% Confidence
Intervals. Finally, the outcome variable for this study, RFG, is based on the difference, in
raw scores, of the total FIM score at admission and discharge. The total FIM scores were
also based on the summed, raw scores of the FIM motor and FIM cognitive measures. Future
research is encouraged to apply Rasch analysis to generate estimates of each individual’s
functional ability on an equal interval linear continuum to transform ordinal measures to
interval-level scaling, which can improve accuracy of study findings.

Despite these limitations, there are considerable strengths to this study. A major strength is
the use of population-based health administrative data from a publicly funded healthcare
system where reporting of acute care and inpatient rehabilitation data are mandatory. As
such, this study is virtually free of sampling bias (i.e., all Ontarian residents, regardless of
socioeconomic status, who used inpatient rehabilitation services within one year of acute
care discharge were included in this study). The use of these health administrative databases
also eliminates recall bias as information on preceding health status were obtained directly
from 1CD-10 codes captured in all patients’ health records in the ED and acute care settings.
Unique identifiers for each patient also enabled a longer look-back period (up to five years)
compared to previous studies. Finally, we applied findings derived from a recent peer-
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reviewed study using data mining techniques to comprehensively categorize all ICD-10
codes present in patients’ health records up to five years prior to their TBI-related acute care
admission.8

Conclusions

This is the first population-based, sex-stratified study, to the best of our knowledge, to
comprehensively capture all pre-injury comorbid health conditions to understand how health
status five years prior to TBI affects functional outcome. Among male patients, ten factors of
pre-injury health status related to psychiatry, neurology, cardiology, gastroenterology, and
conditions related to the elderly and medical issues were significantly associated with
reduced RFG. Among females, only disorders of the elderly and other medical issues was
significantly associated with reduced RFG after Bonferroni adjustment for multiple
comparisons. Future research is encouraged to continue to leverage data mining
methodologies to identify profiles of patients who are at risk of reduced RFG to support
evidence-based planning of interdisciplinary teams and interventions to maximum
rehabilitation for patients with TBI. Importantly, this study supplements prior research
demonstrating sex differences in outcomes after inpatient rehabilitation, further
strengthening the implication of sex-stratified analyses in research and healthcare planning.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Multivariable linear regression results of pre-injury health status significantly associated

with RFG (Bonferroni adjusted [thin line] and unadjusted estimates with 95% confidence
interval [thicker line]).
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Table 1.

Profile of patients with TBI in inpatient rehabilitation within 1-year of acute care discharge by sample
characteristics and sex, Ontario, Canada, 2008/09 — 2014/15 (inclusive).

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Male Patients N=3,677 | Female Patients N=2,125
Demographic
Age
Mean + SD 57.6+21.8 66.9 +20.7
Median (IQR) 60.0 (41.0 - 77.0) 73.0 (55.0 - 83.0)
Rural Residence (Yes) 492 (13.4) 189 (8.9)
Income Quintile
1 (Lowest) 786 (21.4) 405 (19.1)
2 793 (21.6) 452 (21.3)
3 705 (19.2) 413 (19.4)
4 715 (19.5) 432 (20.3)
5 (Highest) 678 (18.4) 423 (19.9)
Injury-Related
Injury Severity (AIS)
Unspecified 552 (15.0) 448 (21.1)
Mild 125 (3.4) 101 (4.8)
Moderate 138 (3.8) 105 (4.9)
Severe 2,862 (77.8) 1,471 (69.2)
Mechanism of Injury
Fall 1,984 (54.0) 1,338 (63.0)
Motor Vehicle Collision 923 (25.1) 565 (26.6)
Struck By/Against 201 (5.5) 51 (2.4)
Other 569 (15.5) 171 (8.0)
Sports-Related Injury (Yes) 291 (7.9) 57 (2.7)
Intent of Injury
Unintentional 3,407 (92.7) 2,076 (97.7)
Intentional 198 (5.4) 26(1.2)
Other 72 (1.9) 23(1.1)
Acute Care-Related
Fiscal Year of Discharge
2008/09 415 (11.3) 219 (10.3)
2009/10 419 (11.4) 256 (12.1)
2010/11 494 (13.4) 260 (12.2)
2011/12 535 (14.6) 313 (14.7)
2012/13 567 (15.4) 342 (16.1)
2013/14 613 (16.7) 361 (17.0)
2014/15 634 (17.2) 374 (17.6)
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Male Patients N=3,677

Female Patients N=2,125

Acute Care LOS (Days)

Mean + SD 19.3+20.3 15.3+15.7

Median (IQR) 13.0 (7.0 - 25.0) 11.0 (6.0 - 19.0)
Special Care Days (Yes) 2,407 (65.5) 1,098 (51.7)
ALC Days (Days)

Yes 1,565 (42.6) 926 (43.6)
Mean + SD 12.1+22.4 9.0+126
Median (IQR) 7.0 (3.0 - 14.0) 6.0 (3.0 - 10.0)

Rehabilitation-Related
Total FIM Score

Admission
Mean + SD 79.6 +24.7 76.1+21.8
Median (IQR) 83.0 (63.0 — 99.0) 78.0 (63.0 — 92.0)

Discharge
Mean + SD 103.0+21.9 100.7 £ 21.2
Median (IQR) 111.0 (96.0 - 118.0) 108.0 (93.0 - 115.0)

RFG
Mean + SD 52.8 +27.6 51.6+27.1
Median (IQR) 56.8 (35.0 — 74.1) 56.0 (34.7 - 71.7)

Absolute Gain

Mean + SD 234179 246+17.3

Median (IQR) 21.0 (10.0-33.0) 23.0(13.0-35.0)
Efficiency

Mean + SD 0.87+1.12 0.94+£0.86

Median (IQR) 0.65 (0.30 — 1.16) 0.77 (0.43 - 1.29)

Motor FIM Score

Admission
Mean + SD 55.2+21.7 50.2 +18.5
Median (IQR) 56.0 (39.0 — 72.0) 50.0 (37.0 - 63.0)
Discharge
Mean + SD 75.2+18.3 721+174
Median (IQR) 82.0 (70.0 — 89.0) 77.0 (66.0 — 84.0)
RFG™
Mean + SD 61.8+31.9 56.6 +30.2
Median (IQR) 68.0 (42.1 - 87.5) 62.4 (38.8 - 78.9)

Absolute Gain

Mean + SD 20.0+15.8 21.9+153
Median (IQR) 18.0 (8.0 -29.0) 21.0 (11.0-32.0)
Efficiency
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Male Patients N=3,677 | Female Patients N=2,125

Mean + SD 0.76 +£1.02 0.86 +£0.80

Median (IQR) 0.56 (0.22 — 1.00) 0.70 (0.36 - 1.17)

Cognitive FIM Score

Admission
Mean + SD 24474 26073
Median (IQR) 25.0 (20.0 -30.0) 27.0 (21.0-32.0)
Discharge
Mean + SD 27.8+6.3 28.6+6.1
Median (IQR) 29.0 (25.0 — 33.0) 30.0 (26.0 — 34.0)
RFG ™
Mean + SD 27.9+68.2 23.8+635
Median (IQR) 30.0 (0-57.1) 25.0 (0 - 54.5)
Absolute Gain
Mean + SD 3.42+4.80 2.69+4.51
Median (IQR) 2.00 (0.00 - 6.00) 1.00 (0.00 — 5.00)
Efficiency
Mean + SD 0.11+0.26 0.09+0.18
Median (IQR) 0.07 (0.00 - 0.17) 0.04 (0.00 - 0.15)

Rehabilitation LOS (Days)

Mean = SD

40.3+42.1

36.1(29.8)

Median (IQR)

31.0 (19.0 - 49.0)

29.0 (18.0 - 45.0)

Admission Delay (Days)

(Required)

Yes 1,392 (37.9) 725 (34.1)
Mean + SD 52.4+74.4 59.1+80.9
Median (IQR) 23.0 (10.0 - 54.0) 24.0 (10.0 - 67.0)

RCG TBI (Yes) 2,124 (57.8) 931 (43.8)
TBI Main Diagnosis (Yes) 2,123 (57.7) 1,009 (47.5)
Informal Support 3,174 (86.3) 1,896 (89.2)

Abbreviations.AlS: Abbreviated Injury Severity; ALC: Alternate Level of Care; FIM: Functional Independence Measure; IQR: Interquartile range;
LOS: Length of Stay; RCG: Rehabilitation Client Grouping; RFG; Relative Functional Gain; SD: Standard Deviation; TBI: Traumatic Brain Injury.

Notes.All values are N (column %) unless otherwise specified; Absolute gain was calculated as discharge FIM minus admit FIM; Efficiency was
calculated as discharge FIM minus admit FIM divided by rehabilitation LOS.

*

Patients with perfect motor FIM score at admission (N=67 males and N=7 females) were not included in the calculation of the motor RFG in
Table 1 because the denominator of motor RFG is maximum possible motor FIM minus admit motor FIM; a perfect motor FIM score would result
in a denominator of zero and mathematically, cannot be computed. Similarly, patients with perfect cognitive FIM score at admission (N=326 males
and N=236 females) were not included in the calculation of cognitive RFG in Table 1, as the denominator of cognitive RFG is maximum possible
cognitive FIM score minus admit cognition FIM. However, these patients remained in the cohort because the outcome of interest is the RFG for
total FIM and their total FIM score at admission was not 126 (i.e., maximum possible FIM score).
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Prevalence of pre-injury health status significantly associated with RFG between 5 years and 30 days prior to
TBI-related acute care admission, by sex, Ontario, Canada.

Male Patients N=3,677

Female Patients N=2,125

Factor 01: Cardiovascular disorders and other 1,121 (30.5) 779 (36.7)
Factor 02: Mental health disorders; functional inquiry 311 (8.5) 197 (9.3)
Factor 03: Disorders of elderly and medical issues 1,118 (30.4) 897 (42.2)
Factor 10: Pulmonary, abdominal and other emergencies 505 (13.7) 395 (18.6)
Factor 11: Metabolic disorders and abdominal symptoms 1,131 (30.8) 854 (40.2)
Factor 12: Stroke and emergencies involving the brain 717 (19.5) 571 (26.9)
Factor 16: Conditions and symptoms of abdomen and pelvis 476 (13.0) 546 (25.7)
Factor 17: Chronic cardiovascular pathology 448 (12.2) 297 (14.0)
Factor 26: Epilepsy, seizures, brain lesions and other 143 (3.9) 65 (3.1)

Factor 29: Alzheimer’s diseases and dementia 34(0.9) 35(1.7)

Notes.All values are N (column %); Multiple ICD-10 codes may be represented in each Factor and as such, patients with these ICD-10 codes may

be counted in multiple Factors. Please see Supplementary File Table 1, for the list of ICD-10 codes that are captured in each of the factors.
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