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Traumatic brain injury in a rural indigenous population
in Canada: a community-based approach to surveillance

Oliver Lasry MDCM MSc, Roy W. Dudley MD PhD, Rebecca Fuhrer PhD, Jill Torrie MA,
Robert Carlin MDCM, Judith Marcoux MD MSc

Background: Indigenous populations are disproportionately affected by traumatic brain injury. These populations rely on large juris-
diction surveillance efforts to inform their prevention strategies, which may not address their needs. We examined the incidence and
determinants of traumatic brain injury in an indigenous population in the Terres-Cries-de-la-Baie-James health region of the province
of Quebec and compared them with the incidence and determinants in 2 neighbouring health regions and in the province overall.

Methods: We conducted a retrospective population-based cohort study of patients in Quebec admitted to hospital with incident
traumatic brain injury, stratified by health region (Terres-Cries-de-la-Baie-James, Nunavik and Nord-du-Québec), from 2000 to
2012. We used MED-ECHO administrative data for case-finding. A subgroup analysis of adults in the Terres-Cries-de-la-Baie-
James health region was completed to assess determinants of the severity of traumatic brain injury and patient outcomes.

Results: A total of 172 hospital admissions for incident traumatic brain injury occurred in the Terres-Cries-de-la-Baie-James region
during the study period. The incidence was 92.1 per 100 000 person-years, and the adjusted incidence rate ratio was 1.84 (95%
confidence interval 1.56-2.17) compared with the entire province. The incidence was higher than in the neighbouring non-
indigenous population (Nord-du-Québec) but significantly lower than in the neighbouring indigenous population (Nunavik). Determi-
nants of traumatic brain injury in the Terres-Cries-de-la-Baie-James region differed from those in the neighbouring populations and
in the entire province.

Interpretation: We found that the incidence rates and determinants of traumatic brain injury requiring hospital admission varied
greatly between the three regions studied. Community-based surveillance efforts should be encouraged to inform the development of
relevant prevention strategies.

he incidence of traumatic brain injury varies in popu-

I lations around the globe. Rural populations tend to
have a higher incidence and worse outcomes than

urban populations."” In Canada, the poorer health status of
indigenous peoples compared with the general population has
been described.** Injuries are the leading cause of potential
years of life lost in this indigenous population, with rates
4 times higher than in the rest of Canada.’$ More specifically,
traumatic brain injury accounts for a substantial proportion of
injuries in indigenous North American populations.”'® These
populations have different risk factors related to the occurrence
of trauma compared with other Canadians.!* Given that the
determinants of traumatic brain injury and patient outcomes
differ between indigenous populations, surveillance conducted
on a community-specific basis can provide evidence that
informs relevant prevention strategies for these communi-
ties.>’* However, most surveillance efforts are conducted at the
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larger jurisdiction level. For example, in 2012, the Institut
national de santé publique du Québec completed a provincial
surveillance study of nonintentional traumatic brain injury
requiring hospital admission and analyzed data stratified by
different health regions."® The report concluded that falls were
the dominant mechanism of traumatic brain injury and that
prevention strategies in the province should be informed by
the evidence generated through this type of surveillance effort.
However, the 2 northern health regions in Quebec that repre-
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sent indigenous communities (Nunavik, and Terres-Cries-de-
la-Baie-James, which serves the Cree of Eeyou Istchee) and a
nonindigenous region in the same geographic area (Nord-du-
Québec) were excluded from their analysis.

The primary aim of our study was to compare the inci-
dence rates and determinants of traumatic brain injury requir-
ing hospital admission in the Eeyou Istchee communities with
those in the neighbouring indigenous (Nunavik) and non-
indigenous (Nord-du-Québec) populations. A second aim of
our study was to describe the severity, risk factors, functional
outcomes and use of rehabilitation resources among adults
with traumatic brain injury in Eeyou Istchee. The evidence
generated from this analysis, which may differ from the con-
clusions of a recent province-wide (large jurisdiction) surveil-
lance effort, would then be used to inform relevant prevention
strategies for the Cree communities of Eeyou Istchee.

Study design, population and setting
We conducted a population-based retrospective study of all
hospital admissions for incident traumatic brain injury in the
Terres-Cries-de-la-Baie-James health region of Quebec,
which represents patients from a single indigenous popula-
tion (Eeyou Istchee), from 2000 to 2012. The epidemiologic
descriptions of 2 neighbouring health regions (Nunavik,
serving a predominantly Inuit population, and Nord-du-
Québec, serving a predominantly nonindigenous population)
and the rest of the province were used as comparison popula-
tions (Figure 1).17:18

The Terres-Cries-de-la-Baie-James comprises 8 rural Cree
communities and 1 remote community within the drainage
basin of the James Bay in Quebec and the southern Hudson
Bay (Appendix 1, available at www.cmajopen.ca/content/4/2/
E249/suppl/DC1). These communities are nested within the
Nord-du-Québec and Nunavik health regions (Figure 1). More
specifically, the boundaries of the Terres-Cries-de-la-Baie-
James health region are different from those of the Cree-
controlled territories that form the traditional lands of Eeyou
Istchee. The Cree Board of Health and Social Services of James
Bay, a Cree—Quebec institution created through the James Bay
and Northern Quebec Agreement (1975),'® is responsible for
the regional health administration of the Terres-Cries-de-la-
Baie-James health region within the provincial Ministry of
Health and Social Services. The Cree Board of Health and
Social Services of James Bay is an ethnically based governmen-
tal organization serving everyone residing or visiting within the
Cree communities of Eeyou Istchee.

Data sources )

For case-finding, we used MED-ECHO, a provincial data-
base that records the hospital admissions of all Quebec resi-
dents covered by public health insurance. The province pro-
vides public health care coverage for more than 7.7 million
people (> 93% of its residents).!” The database used the Inter-
national Classification of Disease, ninth revision (ICD-9) cod-
ing scheme from 2000 to 2005; since then, it has used the
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Canadian version of the International Statistical Classification
of Diseases and Related Health Problems (ICD-10-CA).
MED-ECHO has been shown to be valid and reliable in
ascertaining data on hospital admissions for various diagno-
ses.?®?! The ICD-9 and ICD-10-CA codes typically detect
admissions for traumatic brain injury with a sensitivity of

45%-78% and a specificity of 97%.?

Case definitions

For the primary analysis, we used the same case definition for
traumatic brain injury as that used by the Institut national de
santé publique du Québec to allow comparison of surveillance
data with the rest of the province (Appendix 2, available at
www.cmajopen.ca/content/4/2/E249/suppl/DC1).1¢ We also
included cases of intentional traumatic brain injury in this
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Figure 1: Map of Quebec showing the Terres-Cries-de-la-Baie-James,
Nunavik and Nord-du-Québec health regions. The Terres-Cries-de-la-
Baie-James health region has 9 communities (yellow pins) that are
nested mainly within the Nord-du-Québec region (shaded in red). The
northernmost community of the Terres-Cries-de-la-Baie-James is
nested within Nunavik (shaded in green). The map was produced with
the use of Google My Maps using Google’s map data. The map is
being reproduced under the terms set out by Google.'”
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analysis because assaults are known to be a prominent mecha-
nism of injury in indigenous communities.® Because severity
of traumatic brain injury and patient outcomes are not
assessed in the same manner in pediatric and adult popula-
tions, and because these injuries predominantly affect young
adults in indigenous communities, we conducted a secondary
analysis involving adults (age > 15 yr) in the Terres-Cries-de-
la-Baie-James region.” These patients’ charts were reviewed
at all of the hospitals and clinics where they were treated for
the incident head injury (Figure 2 and Appendix 1).

Measured variables
The variables ascertained from MED-ECHO included the
patient’s age, sex, length of hospital stay, external cause of
injury (mechanism of injury), primary and secondary diagnoses
in the hospital chart, and the patient’s health region/current
municipality of origin. The external mechanisms of injury
were coded as per the ICD-9 and ICD-10-CA classifications
(Appendix 2).16

Additional variables ascertained through the chart review
were used to address the secondary objectives of the study.
These variables included the earliest initial post-resuscitation
Glasgow Coma Scale score, specific use of protective equip-
ment (seatbelt or helmet), polytrauma status (defined as trau-
matic injury to a body region besides the head), comorbidity
status (2 or more of diabetes mellitus, dyslipidemia, hyperten-
sion, coronary artery disease, history of stroke or psychiatric
illness), use of rehabilitation services and any status of intoxi-
cation with alcohol (as reported by the chart note of the first
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physician assessment). We classified the severity of injury
based on the earliest recorded Glasgow Coma Scale score
after resuscitation: mild (score of 3-15), moderate (9-12) or
severe (3-8).2* We assessed functional outcomes using the first
Glasgow Outcome Scale scores at least 6 months after the
injury.” These scores were ascertained from the patients’
local community charts. A score of 3 was assigned to patients
with severe disability who were unable to live independently; a
score of 4 was assigned to patients with residual neurologic or
psychological deficits who were independent but had not
returned to their pre-injury functioning; and a score of 5 was
assigned to patients with minor deficits who had returned to
their pre-injury functioning. No patients died (score of 1) or
entered a vegetative state (score of 2) as a result of their inju-
ries. If no Glasgow Outcome Scale score was recorded, the
chart extractor assigned one by interpreting the patients’ clini-
cal evolution (based on follow-up notes in the chart) 6 months
after the injury.

The chart review was conducted by one reviewer (O.L.),
who had more than 5 years of experience as a neurosurgery
resident and had training in epidemiology and biostatistics. A
validation of the chart abstraction for a subset of patients
(35/97 [36%]) was completed by using the traumatic brain
injury registry of the level 1 trauma centre that serves the
Terres-Cries-de-la-Baie-James region exclusively for head
injuries. The registry includes information on the age, sex,
initial Glasgow Coma Scale score and Glasgow Outcome
Scale score based on a consensus agreement between various
health professionals treating the patients. The kappa statistic

Traumatic brain injury cases
identified in MED-ECHO database

n=172
— Excluded n =75
e Age<15yr n=55
¢ Chart not available for
review (multiple imputations
used for analyses) n =20
Y

Cases included in secondary
analysis (charts available
for data ascertainment)
n=97

Y

Y Y

Charts reviewed in primary
community hospital or local
community clinics
n=97

Charts reviewed in
secondary trauma
centres
n=44

Charts reviewed
in the tertiary trauma
centre
ni=135

Figure 2: Selection of cases for the secondary analysis. For the primary analysis, the MED-ECHO administrative database was used for case-
finding. For the secondary analysis, charts were reviewed at local community clinics. If patients were transferred numerous times between insti-
tutions (see Appendix 1, available at www.cmajopen.ca/content/4/2/E249/suppl/DC1), up to 3 different charts for a single patient were reviewed

in separate institutions.
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for interrater agreement was measured for each variable ascer-
tained in the chart review.

Statistical analysis

The denominator for the traumatic brain injury incidence cal-
culation was determined through census data provided by the
Statistical Institute of Quebec and the Ministry of Health and
Social Services.'®?%?” The incidence rates were standardized to
the 1991 Quebec population structure, as was done in the
province-wide surveillance project.' We calculated adjusted
incidence rate ratios using negative binomial models (because
the variance and mean of counts were not equal) between the
study population and the 3 referent populations, while con-
trolling for age, sex and year of injury.

We assessed the association between different mechanisms
of traumatic brain injury and the 3 geographic zones of the
Terres-Cries-de-la-Baie-James region (coastal, inland and
remote), which are described below. For this analysis, we used
2 Poisson regression models with a robust variance estimator
to estimate risk ratios (RRs). The methodology behind this
approach has been previously described.”® We also assessed
the association between mechanisms of injury and health
region using a multinomial regression model.

For the secondary objectives, we used 6 regression models
to assess the association of risk factors with the occurrence or
outcome of traumatic brain injury. These associations were
established before the start of the study to determine whether
injury severity, outcome and use of rehabilitation services
were associated with modifiable risk factors in the Terres-
Cries-de-la-Baie-James communities. Model assumptions
were verified in each instance (linear regression model
assumptions and the proportional odds assumption for cumu-
lative odds regression models). Known confounders of the
associations under investigation were adjusted for in the
models. The Akaike Information Criterion was used to assess
model fit. Covariates were removed from models when
model fit was improved and when the estimate of the main
association under investigation remained unchanged. Age
categories were used in this analysis because model fit was
better than when continuous covariates were used. All-terrain
vehicle collisions and snowmobile collisions were grouped as
off-road vehicle collisions for the same reason. The age catego-
ries that we used were in keeping with those used by the recent
provincial surveillance project on traumatic brain injury.'¢

The Terres-Cries-de-la-Baie-James communities were
stratified based on their geographic location as coastal, inland
(rural and semi-remote) or remote. We did this because the
communities in each category have similar built environments
(coastal communities are on the James Bay coast and have dis-
tant access to the provincial network of roadways; inland com-
munities are substantially closer to the provincial network of
roadways and are not on the James Bay coast; and the remote
community’s roadways are not connected to provincial road-
ways) (Figure 1 and Appendix 1).

R version 3.0.3 for Mac OS X (R Foundation for Statistical
Computing) and Stata version 12.0 for Mac OS X (StataCorp)
statistical software were used for all data analyses.
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Missing data

For the primary analysis, data on mechanism of injury were
missing only for the province as a whole and only in a small
proportion of cases (6.6%). Although the missing data mecha-
nism was unknown, we believe that missing data were related
to the age of individuals. The average age of patients with
missing data was 64.8 years, as compared with 44.6 years for
patients without missing data. The imputation model for this
analysis included age, sex and year of injury.

For the secondary analysis, the missing data mechanism
was not clear. Missing data were the result of charts not being
accessible for review. There were no significant differences in
variables that were measured in all patients when stratified by
patients with complete data and by those with missing data.
Archivists at the various hospitals where the chart review was
conducted were unable to elaborate on why some charts were
not accessible. The imputation model for this analysis
included age, year of injury, geographic zone of injury and
mechanism of injury, since the missing data had a subtle but
nonsignificant association to these variables.

For both analyses, we applied a multiple imputation tech-
nique with chained equations using 20 data sets and 10 itera-
tions per data set. These results were compared with those
from the complete-case analyses. Given the above, data were
assumed to be missing at random after using imputation
models that at least partially accounted for the missing data
mechanism.? All regression models used pooled estimates of
the imputed data sets.

Sensitivity analysis

Because the study was conducted in rural and remote popula-
tions, there was the possibility that more hospital admissions
for milder injuries occurred in those regions than in urban
centres, where hospital beds are proportionately more limited
for a larger population. Thus, we completed a sensitivity anal-
ysis by measuring the proportion of admissions that were for
mild, moderate and severe traumatic brain injury in the urban
health region of Montréal and compared them with the pro-
portion of such injuries in the Terres-Cries-de-la-Baie-James
health region. A provincial policy mandates that every patient
in the Montréal region who resides within the catchment area
of the level 1 trauma centre and has a diagnosis of moderate
or severe traumatic brain injury be admitted to this specialized
centre.”* We identified such patients from information in the
traumatic brain injury database used in the chart review vali-
dation and in the MED-ECHO database. A ? test for inde-
pendence (significance level < 0.05) was used to establish
whether patients admitted to hospital with traumatic brain
injury from the Terres-Cries-de-la-Baie-James region had
injuries similar in severity to those of patients from Montréal.

Ethics approval

The Institutional Research Ethics Board of McGill University
approved the study design. The study conformed to the Tri-
Council Policy Statement on Ethical Conduct for Research
Involving Humans, in particular research involving First
Nations, Inuit and Métis peoples.’! Each hospital where a



chart review was completed had authorization from their
director of professional services. The Public Health Depart-
ment of the Cree Board of Health and Social Services of
James Bay partnered with the study, which was approved by
the Public Health Management Committee. The study find-
ings were widely shared with community members, stake-
holders and organizations through various media.

A total of 172 hospital admissions for incident traumatic brain
injury occurred in the Terres-Cries-de-la-Baie-James region
from 2000 to 2012, for a crude incidence rate of 92.1 per
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100 000 person-years (Table 1). Mechanisms of injury were
mainly related to assaults, followed by falls, motor vehicle colli-
sions and off-road vehicle collisions. For most years, the stan-
dardized incidence rates in the Terres-Cries-de-la-Baie-James
region were higher than the provincial average (Figure 3A). The
remote community in the Terres-Cries-de-la-Baie-James region
had the highest crude incidence rate, followed by the coastal and
inland communities (Table 1). The distribution of mechanisms
of injury varied by age group, with falls being the most common
mechanism in the youngest and oldest groups (Figure 3B). After
adjustment for relevant confounders, Nunavik had the highest
incidence rate ratio, followed by the Terres-Cries-de-la-Baie-
James and Nord-du-Québec regions (Table 1).

Table 1: Summary statistics and incidence rates of hospital admissions for traumatic brain injury in the Terres-Cries-de-la-Baie-
James health region and referent populations in the province of Quebec, 2000-2012
Analysis by health region and entire province
Terres-Cries-de-la- Province of
Variable Baie-James Nunavik Nord-du-Québec Quebec
No. of hospital admissions for traumatic brain injury 172 469 154 50 362
Age, yr
Mean + SD 24.63 + 18.03 23.42 + 16.28 35.82 +24.44 45.93 +29.20
Range 0-80 0-86 0-98 0-106
Sex, no. (%) of patients
Male 113 (65.7) 255 (54.4) 100 (64.9) 32 041 (63.6)
Female 59 (34.3) 214 (45.6) 54 (35.1) 18 321 (36.4)
Mechanism of injury, no. (%) of patients
Assault 44 (25.6) 76 (16.2) 8(5.2) 1 866 (3.7)
Fall 38 (22.1) 72 (15.4) 57 (37.0) 24 086 (47.8)
Motor vehicle collision 36 (20.9) 41 (8.7) 31 (20.1) 9129 (18.1)
All-terrain vehicle collision 17 (9.9) 173 (36.9) 15 (9.7) 1243 (2.5)
Snowmobile collision 11 (6.4) 17 (3.6) 2 (1.3) 150 (0.3)
Bicycle crash 7 (4.1) 9 (1.9) 8(5.2) 2851 (5.7)
Pedestrian struck by moving vehicle 3(1.7) 24 (5.1) 4 (2.6) 2365 (4.7)
Motorcycle collision 0 (0) 12 (2.6) 0 (0) 841 (1.7)
Recreation/sports activity 6 (3.5) 2(0.4) 1(0.6) 326 (0.6)
Other 10 (5.8) 43 (9.2) 28 (18.2) 4202 (8.3)
Missing data* - - - 3303 (6.6)
Total no. of population person-years 186 581 142 059 198 786 100 545 876
Crude incidence per 100 000 person-years 92.1 330.2 775 50.1
[not standardized]
Adjusted IRRT (95% ClI) 1.84 (1.56-2.17) 6.82 (606—7.65) 1.65 (1.30-1.83) 1.00 (Referent)
Analysis by geographic zone of the Terres-Cries-de-la-Baies-James region
Zone Inland Coastal Remote
Crude incidence per 100 000 person-years 72.0 95.5 200.0
Adjusted IRRT (95% ClI) 1.00 (Referent) 1.32 (0.96-1.82) 2.73 (1.64-4.27)
Note: Cl = confidence interval, IRR = incidence rate ratio.
*Missing data were present only for province-wide data on mechanisms of injury and only represented a small proportion (6.6%).
tCalculated using a negative binomial regression model. Adjusted for age, sex and year of injury.
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Figure 3: Annual incidence of hospital admissions for traumatic brain injury, and descriptive statistics on mechanisms of injury, in the Terres-
Cries-de-la-Baie-James region compared with the entire province of Quebec. (A) Incidence rates per 100 000 person-years standardized to the
1991 provincial population. A 4-year moving average of the incidence rates is also shown. (B) Mechanisms of injury by age group. (C) Mecha-
nisms of injury by geographic zone.
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The multinomial regression revealed that assaults were
more strongly associated with traumatic brain injury hospital
admission occurring in the Terres-Cries-de-la-Baies-James
and Nunavik regions than in Nord-du-Québec and the rest of
the province. All-terrain vehicle collisions were significantly
more often associated with traumatic brain injury hospital
admission in Nunavik than in the other health regions. The
Terres-Cries-de-la-Baie-James and Nord-du-Québec regions
had similar relative probability ratios for these collisions, which
were higher than for the entire province (Table 2 and Appen-
dix 3 available at www.cmajopen.ca/content/4/2/E249/suppl/
DCI1). Snowmobile collisions were most strongly associated
with traumatic brain injury in the Terres-Cries-de-la-Baie-
James and Nunavik regions compared with the entire prov-
ince. Also, off-road vehicle collisions were more common in
the remote community than in the inland and coastal commu-
nities (Figure 3C and Appendix 4, available at www.cmajopen.
ca/content/4/2/E249/suppl/DCI1).

There were 117 incident traumatic brain injury hospital
admissions involving individuals 15 years of age or more in the
Terres-Cries-de-la-Baie-James health region between 2000 and
2012. Table 3 summarizes the findings for this subgroup. Table
4 summarizes the important associations that were measured
through various regression models. Patients in the remote com-
munity had more severe injuries than those in the other commu-
nities in the Terres-Cries-de-la-Baie-James region. Individuals
who used protective equipment tended to have less severe inju-
ries and had a better outcome, as assessed by the Glasgow Out-
come Scale score. Patients involved in motor vehicle collisions

had a higher probability of receiving rehabilitation than those

Table 2: Association between mechanism of injury leading to
traumatic brain injury hospital admission and health regions
(multinomial regression)*

Region;
mechanism of injury

Relative probability
ratio (95% ClI)

Nord-du-Québec
Assault 1.20 (0.55-2.62)
3.50 (1.88-6.52)

3.76 (0.89-15.89)

All-terrain vehicle collision
Snowmobile collision
Nunavik

Assault 11.01 (7.40-16.40)
38.06 (24.93-51.79)

31.39 (17.07-57.72)

All-terrain vehicle collision
Snowmobile collision
Terres-Cries-de-la-Baie-James
Assault 8.70 (5.28-14.33)
5.01 (2.66-9.42)

2711 (12.98-56.59)

All-terrain vehicle collision

Snowmobile collision

Note: Cl = confidence interval.

*The referent population is the entire province of Quebec, and the referent
mechanism of injury is falls. Multiple imputations were used for missing data on
mechanisms of injury. Only significant differences in the relative probability ratios
are shown. The model was adjusted for age and sex. A complete-case analysis
regression output, which shows similar results, is shown in Appendix 3 (available
at www.cmajopen.ca/content/4/X/E249/suppl/DC1).
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Table 3: Summary statistics for subgroup analysis of adults
(= 15 yr) in the Terres-Cries-de-la-Baie-James region admitted
to hospital with traumatic brain injury

No. (%) of patients*
Variable n=117
Initial post-resuscitation
Glasgow Coma Scale score n=97
Mean + SD 13.7+23
Range 3-15
Injury severity (Glasow Coma
Scale range) n=97
Mild (13—15) 81 (83.5)
Moderate (9-12) 7 (7.2)
Severe (3-8) 9(9.3)
Polytrauma n=97
Yes 43 (44.3)
No 54 (55.7)
Rehabilitation n=97
In-patient 12 (12.4)
Out-patient (in community) 22 (22.7)
Discharge orientation n=297
Home 83 (85.6)
Rehabilitation (in-patient) 12 (12.4)
Deceased 0 (0)
Long-term care 0 (0.0)
Other hospital centre 2(2.1)
Glasgow Outcome n=97
Scale score
1 0 (0)
2 0(0)
3 14 (14.4)
4 52 (53.6)
5 31 (32.0)
No. of outcome scores assigned by data 45 (46.4)
extractor from interpretation of chart
Protective equipment usedt n=41
Yes 11 (26.8)
No 30 (73.2)
Intoxication with alcohol n=97
Yes 43 (44.3)
No 54 (55.7)
Missing datat 20 (17.1)
*Unless stated otherwise.
1A total of 20 cases had missing data for the Glasgow Coma Scale score,
Glasgow Outcome Scale score, polytrauma status, use of rehabilitation services
and intoxication status. Multiple imputation using chained equations was used for
these missing data, and all regression analyses used the pooled data from the
imputations.
1Specific to motor vehicle, off-road vehicle and bicycle crashes.
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Table 4: Summary of regression models used in secondary analysis to assess associations between risk factors for traumatic
brain injury and injury severity, functional outcome and use of rehabilitation services*

Outcome; contrast
(regression type)

Association measure (95% Cl)

Interpretation

Injury severity

Remote v. inland geographic zone
(linear)

Beta —2.31 (=4.14 to —0.47)

Protective equipment use
(linear)

Beta 1.19 (~0.30 to 2.69)

Functional outcome

Protective equipment use
(proportional odds)

Initial GCS score
(proportional odds)

OR 4.79 (1.12 t0 20.48)
OR 1.80 (1.35t0 2.39)
Use of rehabilitation services

Initial GCS score
(Poisson with robust variance)

RR 0.82 (0.70 to 0.95)

Motor-vehicle collision v. fall
(Poisson with robust variance)

RR 2.91 (1.04 t0 8.17)

Living in a remote community was associated with higher
injury severity (initial GCS score)

Although effect size was not statistically significant, it suggests
that use of protective equipment was associated with lower
injury severity (initial GCS score)

Use of protective equipment was associated with better
functional outcomes (6-mo GOS score)

Higher initial GCS score was associated with better functional
outcomes (6-mo GOS score)

Lower initial GCS score was associated with greater use of
rehabilitation services

Being involved in a motor vehicle collision was associated
with greater use of rehabilitation services

regression model outputs for comparison.

Note: Cl = confidence interval, GCS = Glasgow Coma Scale, GOS = Glasgow Outcome Scale, OR = odds ratio, RR = risk ratio.

*Depending on the model selection results, the following covariates were included in the models: age, sex, initial GCS score, 6-mo GOS score, comorbid conditions,
geographic zone, use of rehabilitation services, use of protective equipment, polytrauma status, year of injury and alcohol intoxication status. Appendix 7 (available at
www.cmajopen.ca/content/4/2/E249/suppl/DC1) shows the full regression model outputs for each of these multiple imputation regression models, along with complete-case

with a mechanism of fall or assault (Appendices 5 and 6, available
at www.cmajopen.ca/content/4/2/E249/suppl/DC1). The results
from complete-case analyses were similar (Appendix 7, available
at www.cmajopen.ca/content/4/2/E249/suppl/DC1).

The interrater agreement between the chart review and
the traumatic brain injury database had a kappa value of
greater than 0.9 for all variables except the Glasgow Out-
come Scale scores. For the latter, the kappa value was 0.86
(bootstrapped 95% CI 0.67-1.00), which included 18 charts
in which the Glasgow Outcome Scale score was not
recorded (the chart abstractor assigned the score based on
clinical notes).

"The proportions of patients admitted to hospital with mild,
moderate and severe traumatic brain injury in the Terres-
Cries-de-la-Baie-James and Montréal regions were similar
(p = 0.8). The comparison of hospital admission rates between
the rural setting and the rest of the province appeared justified
(Appendix 8, available at www.cmajopen.ca/content/4/2/
E249/suppl/DCI).

Our study showed that the incidence of hospital admission for
traumatic brain injury in the province of Quebec differed
from the incidence in the rural indigenous (Terres-Cries-de-
la-Baie-James and Nunavik) and rural nonindigenous (Nord-
du-Québec) communities that we studied. The rates were
higher in the rural communities, and the mechanisms of
injury differed significantly from those in the entire province.
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The detailed analysis of adults living in the Terres-Cries-de-
la-Baie-James region provided a better understanding of trau-
matic brain injury prevention strategies that would be useful
to this community, in addition to identifying inequalities in
access to health care resources. Furthermore, the determi-
nants of traumatic brain injury in the Terres-Cries-de-la-
Baie-James communities differed substantially from those
described in a province-wide surveillance initiative.!® Thus,
relying on large-jurisdiction surveillance efforts to describe
the determinants of traumatic brain injury in indigenous com-
munities can be misleading.

The heterogeneity of traumatic brain injury epidemiology
between populations has been reported in various jurisdictions.
"This heterogeneity has been attributed to varying case defini-
tions, data sources and risk factors related to these injuries.’>
For example, the provinces of Ontario and Quebec completed
surveillance studies on traumatic brain injury hospital admis-
sions using similar ICD coding methodology.'®* Their rates
tended to decrease over a decade and to be no higher than 83.4
cases per 100 000 person-years. In contrast, the rates in the
Terres-Cries-de-la-Baie-James communities were consistently
higher than the provincial rate and did not decrease over time
(Figure 3A).%163 Because our surveillance methodology was
nearly identical to the Ontario and Quebec surveillance studies,
the main variation is likely due to differing risk factors in these
populations. Furthermore, these 2 provincial surveillance stud-
ies each concluded that preventing falls is a priority for reduc-
ing traumatic brain injury burden across their populations.
Although this recommendation may still be useful for the
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Terres-Cries-de-la-Baie-James population, it overlooks other
important mechanisms of injury that could be the object of pre-
vention strategies, such as assaults. Our analysis showed that
assaults were more common in the indigenous communities
than in the nonindigenous communities studied. Similarly,
studies in the province of Alberta and in New Zealand found
that the main causes of trauma among indigenous and non-
indigenous populations varied, with assault being more com-
mon in the indigenous populations.®" In contrast, a study
involving traumatic brain injury rehabilitation patients in Sas-
katchewan found no such association.® Thus, the determinants
of traumatic brain injury between indigenous communities are
heterogeneous. Community-based surveillance is needed to
properly identify these determinants. Moreover, although they
were not the focus of our study, socioeconomic factors may
have contributed to the differences we noted in the 2 indige-
nous populations.’’

The detailed analysis of traumatic brain injury among
adults in the Terres-Cries-de-la-Baie-James region was criti-
cal in understanding many determinants of injury severity and
outcomes. First, living in the region’s remote community was
associated with the highest hospital admission rate and the
most severe injuries. Previous research has shown that indi-
viduals living in rural environments are more prone to trans-
port-related accidents, which was substantiated by our find-
ings.*® Although mechanism of injury was controlled for,
residual confounding of this association likely existed. The
distance travelled and time spent on off-road vehicles in this
remote community is likely higher because residents have no
access to provincial roadways as they do in the coastal and
inland communities. However, the remote community of the
Terres-Cries-de-la-Baie-James region, set in the same remote
environment as Nunavik, had lower rates of traumatic brain
injury hospital admission. As noted above, there are probably
other unmeasured cultural and social factors that play a role in
the occurrence of traumatic brain injury in this population
that go beyond the geographic environment.

Second, we found that use of protective equipment pre-
dicted a lower severity of injury and improved functional out-
comes among the Terres-Cries-de-la-Baie-James adults,
which is supported by findings from previous studies.’**!

Third, in our study, alcohol intoxication at the time of injury
did not seem to be an important factor in terms of functional
outcome (Table D of Appendix 7). Sdill, the precision of this
estimate was poor, and firm conclusions cannot be drawn. Previ-
ous studies have shown that as many as 50% of traumatic brain
injuries occur in the context of alcohol intoxication,* which is
not substantially different from the rate we reported of 44.3%.
Sdll, alcohol use has been shown to be an important risk factor
for traumatic brain injury recurrences, which ultimately lead to
poorer functional outcomes.” As such, addressing alcohol abuse
remains important in our study population as it does in other
populations, and further investigation on this topic is warranted.

Fourth, our analysis showed that milder injuries and
younger age were associated with lesser use of rehabilitation
services, which is to be expected. However, patients injured in
motor vehicle collisions had a greater probability of receiving

OPEN

rehabilitation than those whose traumatic brain injury was due
to an assault or fall. Identifying such an inequality in access to
rehabilitation was possible with our community-based
approach to surveillance. The latter is particularly important,
because rehabilitation services, across the spectrum of traumatic
brain injury severity, have been shown to improve patients’
functional outcomes.* These inequalities should be addressed
with policies that encourage providers and the health care sys-
tem to offer rehabilitation resources based on need.

Limitations

Our study has several limitations. Case-finding relied on ICD
codes. Such codes have been known to be less sensitive for
identifying cases of mild traumatic brain injury.* Our analysis
excluded fatal cases that occurred outside of hospital, which
leads to more underestimation of incidence rates. Furthermore,
we omitted hospital admissions with ICD-9 code 959.01 (“head
injury, unspecified”) so that our results would be comparable to
those from a province-wide surveillance initiative.'®

Our population had Glasgow Outcomes Scale scores from
3 to 5. Of the 97 patients with complete data, 45 (46%) did
not have a recorded Glasgow Outcome Scale score. In these
cases, the chart extractor interpreted clinical follow-up notes
to establish the score. However, this method of assigning a
score has not been validated. A score of 3 may be easy to dif-
ferentiate from higher scores, but there may have been mis-
classification between scores of 4 and 5 because of subtleties
that cannot be ascertained from a chart. If this misclassifica-
tion were nondifferential, the magnitude of our association
measures might be biased toward the null.

We standardized our incidence rates to the 1991 Quebec
population structure to produce comparable estimates
between our study and a previous province-wide surveillance
project.! The population structure of the Terres-Cries-de-la-
Baie-James region differs substantially from the rest of the
province; therefore, caution should be used in interpreting
these rates on their own. However, the negative binomial
regression that compared rates across populations did not rely
on standardization to any specific population structure.

Missing data for the primary and secondary analyses were
assumed to be missing at random because we adjusted for the
missing data mechanism to the best of our knowledge. How-
ever, the possibility that data were missing not at random,
which may be a source of bias in our results, should still be
considered. In addition, residual confounding is likely to be an
issue given that we were not able to account for all potential
socioeconomic factors associated with traumatic brain injury
that may vary between the populations studied.

Finally, generalizing our findings to other indigenous com-
munities should be done with caution. Nonetheless, our study
shows that community-based surveillance is needed to identify
the heterogeneity in the incidence and determinants of trau-
matic brain injury that exists in different populations.

Conclusion
We found that the incidence rates and determinants of trau-
matic brain injury requiring hospital admission varied greatly
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between the three regions studied. Large-jurisdiction surveil-
lance efforts may fail to properly describe the determinants of
traumatic brain injury in indigenous and in rural nonindigenous
communities. Community-based surveillance efforts should be
encouraged in these communities so that evidence that informs
relevant prevention strategies is available to them. This surveil-
lance approach would set the stage for further research on the
cultural and socioeconomic determinants of traumatic brain
injury, which is critical for tailoring prevention strategies to
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