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Abstract
Objective: To evaluate associations of pre-injury vascular risk factors with TBI outcomes.

Setting: The level 1 trauma center based Transforming Research and Clinical Knowledge in TBI
(TRACK-TBI) Study.

Participants: 2,361 acute TBI patients aged 18 years or older who presented to the emergency
department within 24 hours of head trauma warranting clinical evaluation with a non-contrast head
CT between February 26, 2014 and August 8, 2018.

Design: Multicenter prospective cohort study.

Main Measures: Vascular risk factors (hypertension, diabetes, hyperlipidemia, and smoking)
were assessed at baseline by self- or proxy-report and chart review. The primary outcome

was the 6-month Glasgow Outcome Scale-Extended TBI version (GOSE-TBI). Secondary 6-
month outcomes included the Rivermead Post-Concussion Symptoms Questionnaire (RPQ), the
Satisfaction with Life Scale (SWLS), and the 18-Item Brief Symptom Inventory Global Severity
Index (BSI-18-GSl).

Results: Mean age of participants was 42 years, 31% were women, 16% were Black. Current
smoking was the most common vascular risk factor (29%), followed by hypertension (17%),
diabetes (8%), and hyperlipidemia (6%). Smoking was the only risk factor associated with worse
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scores on all four outcome indices. Hypertension and diabetes were associated with worse RPQ
scores, and hypertension was associated with worse BSI-18-GSlI scores (all p<0.05). Compared to
individuals with no vascular risk factors, individuals with 1 but not 2+ vascular risk factors had
significantly worse GOSE-TBI and SWLS scores, while a higher burden of vascular risk factors
was significantly associated with worse RPQ and BSI-18-GSI scores.

Conclusion: Our study found that pre-injury vascular risk factors, especially smoking, are
associated with worse outcomes after TBI. Aggressive post-injury treatment of vascular risk
factors may be a promising strategy to improve TBI outcomes.

Keywords

brain injuries; traumatic; cohort studies; prospective studies; hypertension; diabetes mellitus;
hyperlipidemias; smoking

INTRODUCTION

Traumatic brain injury (TBI) in the United States is common?, with approximately 2.8
million TBI-related emergency department visits, hospitalizations, and deaths occurring
annually2. While it has long been established that moderate and severe TBI are associated
with significant disability34, recent data suggests that even mild TBI may be associated
with long-lasting functional limitations®. In addition to injury-related factors®, prior

studies have identified certain pre-injury characteristics that are associated with worse
outcomes after TBI, including older age’, history of prior TBI®, and neurologic/psychiatric
comorbidities?, among others. Because the majority of these previously identified factors
are non-modifiable; there is a need for the identification of modifiable factors that may
impact TBI recovery and outcomes. Vascular risk factors are modifiable through behavioral
or pharmacologic interventions. Since TBI itself causes vascular injury and subsequent
dysfunction1011 and vascular risk factors are modifiable (e.g., with control of hypertension,
hyperglycemia, hyperlipidemia, and cessation of smoking), studies investigating associations
of vascular risk factors with TBI outcomes are warranted. Indeed, the presence of comorbid
vascular risk factors has been shown to be associated with compromised function in other
neurologic diseases, such as demential? and Parkinson’s diseasel3. However, the impact of
the comorbid vascular-related risk factors on post-TBI recovery is not well understood.

Using data from the longitudinal, observational Level 1 trauma center-based Transforming
Research and Clinical Knowledge in TBI (TRACK-TBI) Study, the objective of the present
study was to evaluate associations of pre-injury vascular risk factors (hypertension, diabetes,
hyperlipidemia, and current smoking) with 6-month TBI outcomes. We hypothesized that
both individual vascular risk factors and a higher burden of co-morbid vascular risk factors
would be associated with worse TBI outcomes.

MATERIALS AND METHODS

Study Population and Study Design

The TRACK-TBI Study4 is a prospective multicenter study that enrolled TBI patients
presenting to 18 level 1 trauma centers in the U.S. between 2/26/2014 and 8/8/2018.
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Eligible patients were those aged 16+ years who presented to the emergency department
within 24 hours of head trauma warranting clinical evaluation with a non-contrast head
CT15, Participants took part in a baseline assessment and were followed for outcomes

over the first 6-months post-injury (2-week in-person, 3-month telephone, and 6-month
in-person assessments). At all assessments, adult proxies provided information for the
Glasgow Outcome Scale-Extended (GOSE) for participants who were unable to self-report.
Al variables were collected in accordance with the TBI common data elements16:17.

Of the 2,697 participants with TBI enrolled in the TRACK-TBI Study, we restricted our
eligible population to the 2,539 adult participants aged =18 years. Of these 2,539 eligible
participants, 178 were excluded due to missing vascular risk factor data, leaving 2,361
participants included in the present analysis (eFigure 1).

The TRACK-TBI Study was approved by the institutional review board of each site and all
participants or legally authorized representatives completed written informed consent.

Vascular Risk Factors

The pre-injury vascular risk factors of hypertension, diabetes, hyperlipidemia, and current
smoking were assessed at study baseline using self- or proxy-report questions and medical
chart review. Participants were asked if they had ever received a diagnosis of hypertension,
diabetes, and/or hyperlipidemia prior to the injury. Participants were also asked if they
engaged in cigarette smoking in the 2 weeks prior to the injury. In addition to examining
associations of each vascular risk factor individually with TBI outcomes, we also examined
associations of the cumulative burden of pre-injury vascular risk factors with TBI outcomes.
The cumulative burden of pre-injury vascular risk factors was evaluated by counting

the total number of vascular risk factors present for each participant (0, 1, or 2+). In
sensitivity analyses, we additionally looked at 0, 1, or 2+ vascular risk factor categories
only including diabetes, hypertension, and hyperlipidemia. In supplemental analyses, we
additionally looked at associations of smoking cessation patterns post-injury with outcomes.

Information about pre-injury medication use was also assessed at study baseline.
Medications were categorized into therapeutic classes using the Multum Lexicon
classification system and drug classes used to define hypertension, diabetes, hyperlipidemia,
and smoking cessation-related medications are shown in eTable 1. In secondary analyses we
examined associations of untreated and treated vascular risk factors with TBI outcomes.

Outcome Measures

Our primary outcome measure was the 6-month GOSE-TBI8, which is a measure of

global functional disability after injury accounting only for disability caused by the head
injury, rather than polytrauma, with possible scores ranging from 1 (death) to 8 (upper

good recovery). The GOSE-TBI was dichotomized as “more disabled” (not returned to
pre-injury baseline function) (score 1-6) versus “less disabled” (near or complete return to
pre-injury baseline function) (score 7-8). The GOSE-TBI was also assessed at 2-weeks and
3-months and we looked at trajectories of the GOSE-TBI scores over time. Our secondary
outcome measures were assessed at 6-months and included the Rivermead Post-Concussion
Symptoms Questionnaire (RPQ, measure of self-reported post-TBI symptoms, higher scores
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indicate more severe symptoms)1?, the Satisfaction with Life Scale (SWLS, measure of
general life satisfaction, higher scores indicate greater life satisfaction)20, and the 18-Item
Brief Symptom Inventory Global Severity Index (BSI-18-GSI, measure of psychological
distress, higher scores indicate more severe psychological symptoms)>21.

The following a priori selected baseline covariates were included in statistical models:

age (continuous), sex (male; female), race (White; Black; other), ethnicity (Hispanic;
non-Hispanic), TBI severity ® (uncomplicated mild [Glasgow Coma Scale (GCS) 13-15
and acute head CT negative for intracranial findings]; complicated mild [GCS 13-15 and
acute head CT positive for intracranial findings]; moderate [GCS 9-12]; severe [GCS

3-8]), education (<high school; high school or equivalent; >high school), employment
status (full-time; part-time; unemployed; retired/disabled; student), alcohol consumption (0
drinks/day; <3 drinks/day [women] or <4 drinks/day [men]; =3 drinks/day [women] or >4
drinks/day [men]), illicit drug use (yes; no), history of depression/anxiety (yes; no) and prior
TBI (none; yes, received no medical care; yes, treated in emergency room; yes, hospital
admission).

Statistical Analyses

Characteristics of the study population are shown overall and stratified by number of
pre-injury vascular risk factors (0, 1, 2+) using means and standard deviations (SDs) for
continuous variables and using n’s and proportions for categorical variables. Characteristics
were compared across vascular risk factor groups using Kruskal-Wallis tests for continuous
variables and Fisher’s exact tests for categorical variables.

As shown in the footnotes of Table 1 and eFigure 1, our data contained varying amounts of
missingness in both covariates and outcomes. To address the missing data in our population,
we used multiple imputation by chained equations with 5 sets of imputations to account

for missing covariates and inverse probability of attrition weighting to account for missing
outcomes®223, Inverse probability of attrition weights were created separately for the main
outcome (GOSE-TBI) at 6-months and for each of the secondary outcomes (RPQ, SWLS,
BSI-18-GSl) at 6-months from boosted logistic regression models for completion versus
non-completion of outcome measures. Separate inverse probability of attrition weights were
also created for the GOSE-TBI at 2-weeks and 3-months that were used in the analysis
looking at GOSE-TBI score trajectory over time. The weights created were proportional to
the inverse of the probability of outcome measure completion and standardized so that the
sum of the weights equaled the number of participants with complete outcome data. The
following variables were included in both multiple imputation by chained equations and in
boosted logistic regression models for the creation of inverse probability of attrition weights:
number of vascular risk factors (0; 1; 2+), age, sex, race, ethnicity, TBI severity, education,
employment status, alcohol consumption, illicit drug use, history of depression/anxiety, prior
TBI, study site, major extracranial injury (injury severity score >3), hospital level of care

for TBI (emergency room discharge; hospital floor; intensive care unit). Additional variables
used only in multiple imputation models included: self-report question response (deceased;
proxy; self-report), GOSE-TBI, RPQ, SWLS, and BSI-18-GSI scores.

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.
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We used regression models to evaluate associations of pre-injury vascular risk factors

with 6-month TBI outcomes (logistic regression for GOSE-TBI score 1-6 versus 7-8, and
linear regression for RPQ, SWLS, and BSI-18-GSI scores). We include estimates from the
following models to assess the impact of accounting for missing data and of adjustment
for a priori hypothesized confounders: 1) unadjusted, complete case, 2) unadjusted,

inverse probability of attrition weighted for missing outcomes, 3) Model 1 (adjusted for
age, sex, race, ethnicity, and TBI severity), inverse probability of attrition weighted for
missing outcomes, 4) Model 2 (adjusted for variables included in Model 1 plus education,
employment status, alcohol consumption, illicit drug use, history of depression/anxiety, and
prior TBI), inverse probability of attrition weighted for missing outcomes. We performed
formal testing for interaction by age and by psychiatric comorbidities (depression/anxiety).
In sensitivity analyses, we added adjustment for obesity (body mass index [BMI] =30
kg/m2, in the subset n=1,635 participants with BMI data). We also added adjustment for
pre-morbid crystallized intelligence (assessed using the Picture Vocabulary Test from the
NIH Toolbox, in the subset of n=888 participants with cognitive test data). In the analysis
investigating trajectories of GOSE-TBI scores over time by number of pre-injury vascular
risk factors (performed using mixed-effect logistic regression with random intercept and
variance components correlation structure), we performed formal testing for interaction by
time.

All reported p-values were based on 2-sided tests and p<0.05 was considered statistically
significant. SPSS Statistics (version 26), SAS software (version 9.4), and the TWANG Shiny
App (RAND Corporation) were used to perform statistical analyses.

Participant Characteristics

Overall, the mean age of participants was 42 years, 31% were female, 16% were Black, 81%
sustained a mild TBI, 54% had no pre-injury vascular risk factors, 35% had 1 pre-injury
vascular risk factor, and 11% had 2+ pre-injury vascular risk factors (Table 1). The patterns
of vascular risk factors (among the 1,094 participants with at least 1 vascular risk factor)
are shown in Figure 1. Current smoking was the most prevalent comorbid vascular risk
factor (n=681, of whom 1% were taking smoking cessation medication(s)), followed by
hypertension (n=401, of whom 68% were taking hypertension medication(s)), diabetes
(n=194, of whom 70% were taking diabetes medication(s)), and hyperlipidemia (n=150,

of whom 61% were taking hyperlipidemia medication(s)). Compared to participants with
no vascular risk factors, participants with 2+ vascular risk factors were older, more likely
to be male, of Black race, non-Hispanic ethnicity, have less than high school education, be
retired/disabled, and have a history of depression/anxiety (all p<0.05). A greater proportion
of individuals with 2+ vascular risk factors suffered a mild TBI with CT evidence of
intracranial hemorrhage at presentation compared with individuals with no vascular risk
factors (44% versus 27%, p<0.001). Compared to individuals with 2+ vascular risk factors,
individuals with 1 vascular risk factor were younger (p<0.001) and more likely to use
alcohol and illicit drugs (both p<0.001).

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.
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Associations of Pre-Injury Vascular Risk Factors with GOSE Scores

Table 2 shows associations of each individual vascular risk factor with 6-month GOSE
scores. In unadjusted complete case and inverse probability of attrition weighted models,
both hypertension and smoking were significantly associated with lower GOSE scores (score
1-6 versus 7-8) (both p<0.05). However, only smoking remained significantly associated
with lower GOSE scores after adjusting for covariates (fully adjusted, inverse probability of
attrition weighted OR: 1.49, 95% CI: 1.15, 1.94). Individually, diabetes and hyperlipidemia
were not associated with GOSE (both p>0.05 for all models). We observed a significant
interaction by age the association of hypertension with GOSE (p-interaction=0.002), where
associations were stronger among individuals <40 years of age compared to >40 years

of age (eTable 2). There were no significant interactions by psychiatric comorbidities (p-
interaction >0.05). In sensitivity analyses in subsets of the population with BMI data (eTable
3) and with pre-morbid crystallized intelligence data (eTable 4), results were somewhat
attenuated, but remained consistent with the main analyses. Supplemental analyses showed
no differences in associations with GOSE by treatment status (eTable 5). In analyses looking
at smoking cessation patterns post-injury, quitting smoking at 2 weeks post-injury was
associated with 2.26 (95% CI:1.36, 3.77) times increased odds of low GOSE compared to no
smoking (eTable 6).

Analyses investigating the association of the cumulative burden of vascular risk factors
with GOSE scores are shown in Table 3. In fully adjusted models, having 1 vascular risk
factor was significantly associated (OR 1.36, 95% CI: 1.07, 1.74) and having 2+ vascular
risk factors was not significantly associated (OR 1.23, 95% CI: 0.84, 1.83) with increased
odds of GOSE score 1-6 versus 7-8. Sensitivity analyses incorporating only diabetes,
hypertension, and hyperlipidemia in the cumulative burden score were similar to main
analyses where smoking was also included (eTable 7).

The distributions of 2-week, 3-month, and 6-month GOSE scores by number of vascular
risk factors are shown in Figure 2. At 2-weeks, approximately 34% of participants in
each vascular risk factor group had GOSE scores of 7-8. Over time, the proportion of
“less disabled” participants (GOSE score 7-8) differed by number of vascular risk factors
(p-for-interaction-by-time=0.009), with 65% of participants with no vascular risk factors
compared to 55% of participants with either 1 or 2+ vascular risk factors having a GOSE
score of 7-8 at 6-months post-injury.

Associations of the Pre-Injury Vascular Risk Factors with Secondary TBI Outcomes

In analyses evaluating associations of each vascular risk factor individually with secondary
TBI outcomes, hypertension, diabetes, and smoking were significantly associated with more
post-TBI symptoms on the RPQ and hypertension and smoking were significantly associated
with greater psychological distress on the BSI-18-GSlI (all p<0.05 in fully adjusted inverse
probability of attrition weighted models) (Table 2). Smoking was also associated with lower
satisfaction with life on the SWLS (-1.72 points lower, 95% CI: —2.66, —0.77) compared to
non-smoking. We observed a significant interaction by age the associations of hypertension
with RPQ and BSI-18-GSI (both p-interaction<0.05), where associations were stronger
among individuals <40 years of age compared to =40 years of age. Associations of smoking

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.
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with RPQ were stronger among older compared to younger individuals (p-interaction=0.04)
(eTable 2). There was no significant interaction by psychiatric comorbidities (p-interaction
>0.05). In sensitivity analyses in subsets of the population with BMI data (eTable 3) and
with pre-morbid crystallized intelligence data (eTable 4), results were somewhat attenuated,
but remained consistent with our main analyses. Results exploring untreated and treated
vascular risk factors showed stronger associations with RPQ and BSI-18-GSI among treated
compared to untreated hypertension and diabetes (eTable 5). In analyses looking at smoking
cessation patterns post-injury, quitting at 2 weeks post-injury was associated worse SWLS
scores, still smoking at 6 months post-injury was associated with worse scores on the RPQ,
SWLS, and BSI-18-GSl, and intermittent smoking over 6 months post-injury was associated
with worse scores on the RPQ and BSI-18-GSlI (eTable 6).

In analyses examining the cumulative burden of vascular risk factors, an increasing number
of vascular risk factors was associated with more post-concussive symptoms (fully adjusted,
inverse probability of attrition weighted RPQ score 2.04 [95% CI: 0.60, 3.47] and 4.45 [95%
Cl: 2.14, 6.77] points higher for 1 and 2+ vascular risk factors, respectively, compared to no
vascular risk factors) and greater psychological distress (fully adjusted, inverse probability
of attrition weighted BSI-18-GSI score 1.82 [95% CI 0.64, 3.00] and 3.44 [95% ClI: 1.54,
5.35] points higher for 1 and 2+ vascular risk factors, respectively, compared to 0 vascular
risk factors) (Table 3). Having 1 vascular risk factor was associated with less satisfaction
with life (fully adjusted, inverse probability of attrition weighted SWLS score 0.89 [95%:
Cl: 0.02, 1.77] points lower compared to no vascular risk factors) but having 2+ vascular
risk factors was not significantly associated with less satisfaction with life after adjustment.
Sensitivity analyses incorporating only diabetes, hypertension, and hyperlipidemia (not
smoking) in the cumulative burden score showed attenuated associations for RPQ and
BSI-18-GSl and were no longer significant for 1 vascular risk factor but remained significant
for 2+ vascular risk factors (eTable 7).

DISCUSSION

In this trauma center-based population of acute TBI patients, pre-existing vascular risk
factors, especially smoking, were associated with worse TBI outcomes. We did not observe
a clear dose-dependent pattern of number of vascular risk factors with TBI outcomes, and
our results suggest that the observed associations investigating number of vascular risk
factors were driven by the strong association of comorbid smoking with poor outcomes
after TBI. Since TBI itself causes vascular injury and subsequent persistent vascular
dysfunction10-11 and many vascular risk factors, including smoking, are modifiable (e.g.,
with cessation of smoking), future studies investigating if therapies focused on improving
overall vascular health may improve TBI outcomes are warranted.

Several prior animal?425 and human?-26-30 studies have investigated associations of
individual vascular risk factors with TBI outcomes, but to our knowledge, none have
investigated the burden of cumulative vascular risk factors, although one study evaluated
associations with a “comorbidity cluster,” which included several vascular risk factors3L.
Results of these prior studies are mixed, with some studies reporting significant associations
of hypertension2-30, diabetes?8-30, and hyperlipidemia2® with TBI outcomes. Other studies

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.
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reported no association of hypertension®31, diabetes3!, hyperlipidemia®!, or smoking?’ with
TBI outcomes. Interestingly, our study found the most robust associations of smoking
with worse TBI-related outcomes. Prior studies have suggested that smoking and TBI lead
to blood brain barrier dysfunction22:32, which is a potential vascular-related mechanism
that may underlie the observed observations. In contrast, hyperlipidemia alone was not
associated with worse TBI-related outcomes in our study, and in fact, point estimates

for hyperlipidemia tended to be in the “better outcomes” direction, although none were
significant. This could be consistent with several prior observational studies reporting

that statin use (as treatment for hyperlipidemia) is associated with better outcomes after
TBI33-35, In our analyses investigating pre-injury treatment status, we saw stronger
associations for treated versus untreated hypertension and diabetes with worse RPQ and
BSI-18-GSlI scores, which may indicate that that pre-injury treatment status is a surrogate
for disease severity. In the present study, we did not have data on post-injury treatment
status or medication compliance, but further work in this area is warranted as medication
compliance is a potentially modifiable behavior that may be linked to outcome.

Results from our analyses of individual vascular risk factors were more consistent than our
analyses of the cumulative burden of vascular risk factors, suggesting that smoking may

be the risk factor driving the observed associations with number of vascular risk factors.
Indeed, smoking was highly prevalent in our population and this notion is supported by

our cumulative burden sensitivity analysis where results were attenuated when smoking was
not included as a vascular risk factor. The high smoking prevalence in our population was
related to the overall younger mean age of our population and may contribute to our finding
that associations of hypertension with worse TBI outcomes were stronger among younger
compared to older individuals. Further research investigating associations of vascular risk
factor comorbidities with TBI outcomes in older populations is warranted.

In addition to associations with worse 6-month TBI outcomes, our results also suggested
that the trajectory of global functional recovery after TBI differed by the cumulative

burden of vascular risk factors; fewer individuals with 1 or 2+ vascular risk factors had
achieved a “less disabled” outcome on the GOSE by 6-months post-injury, despite all
vascular risk factor groups having the same prevalence of a “less disabled” outcome on the
GOSE at 2-weeks post-injury. This, in combination with the evidence that TBI is in itself
an injury to the cerebrovasculaturel, suggests that the degree of overall vascular health
may be important for TBI recovery. Indeed, this notion is supported by data from several
observational studies suggesting that statin use may lead to improved TBI outcomes via their
broader neuroprotective and vascular-protective properties, including endothelial protection
and increased angiogenesis33-36,

Certain limitations should be taken into consideration in the interpretation of this study.
First, as in many TBI studies3’, our data is limited by study attrition and missing data.
However, the TRACK-TBI Study has protocols to maximize data collection, including the
use of proxies to provide information on the GOSE-TBI for participants who were unable
to answer questions themselves, and we used multiple imputation and inverse probability
of attrition weighting to statistically account for missing data in our sample383, Second,
the results of this study are generalizable to populations of TBI patients presenting to
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level 1 trauma centers and who are willing and able to complete comprehensive follow-up
assessments over time; these results may not generalize to milder populations of TBI
patients who either do not present to medical attention or who present as outpatients or to
emergency rooms/urgent care centers. Additionally, we did not have information on duration
of pre-injury health problems, comorbid end-stage kidney disease/dialysis, or post-injury
medication(s)/adherence to medication(s).

In conclusion, our study found that pre-injury vascular risk factors, especially smoking,
are associated with worse outcomes after TBI. Further work is needed to investigate the
underlying mechanisms by which vascular risk factors and overall vascular health may
interact with TBI-related cerebrovascular injury to affect TBI outcomes, but aggressive
post-injury treatment of vascular risk factors with the goal of improving overall vascular
health has the potential to be a promising strategy to improve TBI outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Least 1 Vascular Risk Factor.
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J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.




Page 14

Schneider et al.

100°0> (5'6¢€) S0T (9'69) 925 (00)0 (8'82) 189 (%) u ‘Buryows ua1N)
100°0> (r'vv) 811 (6€) ze (000 (¥°9) 05T (%) u "erwapidiiadAH
100°0> (6'79) 8€T (8'9) 95 (00)0 (z'8) v6T (%) u ‘saleqeIq
100°0> (T68) L€2 (8'6T) ¥91 (00)0 (021) TOV (%) u ‘uoisuspadAH
100°0> (e91) O% (e'8¢e) LoE (622) 022 (L22) L19 (%) u *asn Brua woul
(ze) 28 (8'8v) 96€¢ (6'8¢) s9v (L'TV) £v6 (uaw) Aep/syunip = 1o (Usiom) Aep/syulIp €2
(8'ze) €8 (6'v€) €82 (T°8¢) 55v (e9¢) 128 (uaw) Aep/siutip €-T 10 (uswom) Aep/syutip -1
(8v¢) 88 (e91) eeT (0€2) sLe (6'T2) S61 Kepysxjuup 0
100°0> (%) u ‘uondwinsuod |0yod|Y
(zm¢e (r'e) 82 (5'8) vOT (6'9) GeT apns
(59v) 0cT (0s1) 2et (96) LTT (251 6GE pajgesiq / paiiey
(09) €T (901) 98 (e) 68 (z'8) 88T pakojdwaun
(82) 0t ('2t) TOT (geT) 91 (gzt) 982 awin-led
(5°6€) 201 (5'89) 9L (T'79) 9L (829) ¥ze'T awn-|In4
100°0> (%) u ‘snie3s JuswAojdwg
(T'sy) ¥1T (0'Tv) oge (2€9) 259 (e'8) 960'T 10049S YBIH<
(8'9¢) €6 (6'5€) 682 (2€€) 60V (8'v€) 162 juafeAinb3 1o jooyas ybiH
(z'81) 9v (0'€2) s81 (92T) €51 (6'97) ¥8€ 100Y3S YBIH>
T000> (%) u ‘uoneonp3
1200 (291) ¥ (T81) 6Y1 (r'z2) 08z (e02) eLv (%) u ‘Auoruyy3 d1uedsiH
('9) LT (L) og (T2) 68 (8'9) 9T Buyo
(L'91) v (T'61) 28T (e'vT) 8LT (z91) 628 oelg
(6'92) €02 (cL0) ve9 (982) 186 (6'2L) 818'T aMUM
1000 (%) u 'a0ey
8€0°0 (50g) 18 (822) 0g2 (Tee) 6TV (6'0¢) 0€L (%) u *arewad
100°0> (een) €09 (Tm)eor (zom) 988 (6L1)6'TY (as) uesw ‘(s1eak) aby
ANeAd (99z=u) (8z8=U) (292'T=U)

S.10108- YSIY fe|noseA +¢

10084 51y fe|naseA T

SJI010BH ¥SIY Jfe|naseA O

S1010e] Sy J8|NoseA J0 JequinN

(T9€'2=N) Ile 2AO

Author Manuscript

"APMS 1GL-MDVHL ‘SI0108 3SIY JBNISEA 10 JaquinN AQ paiiies pue |[eisnQ sansualorieyd wwedionied suljaseg

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.



Page 15

Schneider et al.

‘Ainlul urelg orrewNe ‘|91 ‘UoNBIASP plepurls ‘ds a109s Alanes Ainfu] ‘SS| ‘afeas ewod mobse|D ‘SO9 ‘Aydeibowioy paindwiod ‘| D :SuoieIABIqqY

"(GTT=U) Aa1anss | gL pue (T8T=u)

191 Joud ‘(FET=u) asn Bnip o1 ‘(20T=Uu) uondwnsuod joyoale ‘(s9=u) snyeis wawAojdwsa ‘(0e=u) uoneaINpPa ‘(2z=u) ANd1UYIS d1uedsIH ‘(8Z=u) aJeJ :eJep BUISSIW UILIU0I Sa|qelten BuimMo||o) 8y :@I0N

"S9|qeLIEA 011068180 10) S1S8] 10BXA S, 1aySI4 PUe S3|qeLIeA SNONUIIUOD 10} S1S8] SI[BAN-TE)SNIY WoJy sdnoib 1010y YSii Je|NoseA SS0J0e SONSIIBIoRIeYd aUljaseq JO SuosLIedWOD S108]48) aNnfeA-d
x

1660 (5'6T) 2§ (8'6T) ¥91 (6'6T) 2S¢ (8'6T) 89¥ (%) u ‘(€=ss1) Aunfuj [eruesoenx3 Jofep
(009) ggT (zsy) vie (r°ev) 085 (8'%¥) 250'T UOISSILUPY UM 818D BAISUBIU|
(8'9¢) 86 (2'9¢) voe (8eg) szv (z'se) 0e8 uoIssIWpY 100]4 [endsoH
(zeT) ¢ (T'81) 0GT (8'22) 682 (T02) v2v ab.eyosiq wooy Aousbrows
€000 (%) u ‘19.L Xapu[ 10} 31eD 40 [aA97 [EHdSOH
(ov1) ¥e (o'v1) OTT (ovT) 8LT (e'v1) 2ze (8-€ SO9) a19nas
(z'9) a1 (T9) oy (8'v) 85 (0g)etT (21-6 SO9) ayesapoN
(r'v¥) 80T (T'62) 822 (r'L2) vee (8'62) 029 anmsod 10 pesH ‘(ST-ET SO9) PIIA paeatjdwiod
(ge) 98 (2'19) sov (e'€9) 059 (8'08) TvT'T aniebau 19 peaH ‘(ST-ET SO9) PIIN pajedljdwodun
100°0> (%) u *A1anas 191 xapul
(re) et (oom) 82 (cl)es (08) vL1 uoIssiWpY |eydsoH
(6'6) vC (Lv1) 811 (9TT) ¥ET (ser) ele a1eD wooy Asuabiawz
(99) 9T (Tot) 62 (¥'ot) 02T (6'6) 612 Bnos a1ed [eaIpaN ON
(1'82) 681 (T°59) 805 (6'02) 128 (9°69) 815'T 3UON
¥00'0 (%) u‘1gL Joud
100°0> (r'v2) 59 (8'22) 681 (e'91) 202 (5'61) TOV (%) u ‘Aya1xuyjuossaidaq Jo AioisiH
aneA-d (99¢=v) (8z8=Y) (L9¢'T=u)
* Si010B- 51y 1e|NosSeA +2 lojoed Y81y fe|noseA T Sioy0e Y51 fe|nIseA 0 (T9€2=N) IleBAO
S10J3e- YSIY Je|naseA Jo equinN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.



Page 16

Schneider et al.

‘([8-€ $09] 219n8s [2T-6 SOO] a1etapow [sBuipuly [elueIoRAUl 10} sAINSOd | D peay amnde pue GT-£T SO9] pliw paresljdwod ([sBuipuly [eiuesoenul oy
annebau | D peay a1nde pue GT-£T SO9] pliw paredijdwodun) A1lienss |91 pue ‘(druedsiH-uou ‘otuedsiH) Anoiuyle ‘(Jayio ‘ae|q 81ym) adel ‘(sjewsy ‘ajew) xas ‘(snonunuod) abe oy paisnlpy :T |9POIN
¥

(€9€ '60'T) 9€'C
(0L'v 'v2'e) Le
(6 ‘9v'e) 0L'€
(s8'v ‘Tr'e) €9°€

(6€2'L02-) 910
(ze'z'1€°2-) 100
(650 'v6'€-) L9T-
(95'0'96°¢-) 0L'T-

(08¢ '6T°0-) 18°T
(6e'v '1€°0) SE€°C
(25€ ‘'zvr0-) ST
(eg'e 'zv'0-) ST

(€6'€ '69°0) T€C
(ze'v '66'0) 59'C
(72 'v50-) S6°0
(L0'C '28'0-) 09'0

sawooInQ BurssiiAl 1o} pajybiap uonLNY Jo Ajiqeqoid asienul * _z 13O
$aWoANO BussiAl 10 peiyBiapn UOBLIY 0 ANlIGeGOId BSIeAul * T [SPOIN

sawo2INQ Buissi oy palyBiapn UonRLNY J0 Ajigeqoid asianu ‘paisnipeun

ase) a1a|dwo) ‘parsnipeun
Xopu | A1116/9S [eqo|9 AJojuenu | woldwAs jo1ig wel|-8T

(LL'0-'99C-) 2L'1-
(T9'1- ‘2v'e-) 1572~
(eL'T-'€9°€-) 892~
(e8'1-'6L'€-) 18-

(16'7'se'0-) 1E'T
(v1'€ '62°0-) 2v'T
(6L'C'vL0-)€0T
(672 '8T'T-) 990

(z6'0 '80°2-) 85°0—
(62°0'¢Lz-) 2z 1~
(81°0'¢6°2-) LE'T-
(T€'0- '05°€-) 06°T-

(e€'0'80°2-) 28'0—
(9T°0- '19'2-) 8€'T-
(5€'0- '59'2-) 05T
(89°0- 'v0'€-) 98'T-

sawooInQ BurssiAl 1o} pajybiap UOHLINY JO Al|Iqeqoid 8sienul *,_Z 12POIN
$3W0ANO BussiAl 10 pajyBlap UONLINY 0 ANIIGeGOId BSIaAU] * T [SPOIN

sawoaInO BuissiA 1oy palybiapn uonLNY Jo Alljigeqold asiaau] ‘paisnipeun

aseD a1|dwo) ‘paisnipeun
9[eds 8417 Y1m uoloejsies

(08'7'0L'T) S2°€
(ee's'L€C) S8°€E
(czs'sza)ele
(90'G'60'2) 85°€

(Sov'LET-) ¥E'T
(86'€'85T-) 02'T
(z9C 'v8C-) 1T°0-
(69'C '08'2-) S0°0-

(¥1's'62°0) TL'C
(18'G'16°0) 9¢°€
(z1's's6'0) e
(186 'v0'T) 2v'e

(687 '9v'0) €v'C
(08t ‘e8°0) 28T
(89'¢'TT°0) 06'T
(ze'e 'vz0-) ¥S1

$3W0AINQ BulssiAl 10} PAIYBIM UONLINY JO ANIGRGOId 8SIBAUL * Z [9PON
$aWoaINQ BuISSIIAl 10} palyBIM UOBLINY 4O ANIIGeqOId 8S13AUI * T [3POIA

sawo2INQ Buissi 1oy paIyBispn UoRLNY J0 AjIgeqoid 8siaAul ‘paisnipeun

ase) a19|dwo) ‘paisnipeun

aJreuuonsand woldwAS UoIsSNOU0D-1S0d peall oAl

(10 %s6) 9

(10 %s6) @

(10 %s6) 9

(10 %s6) 9

(¥6'T 'ST'T) 6V'T
(€22'8eT)SL'T
(S6'T'22'T) 85T
(v6'T'92T) 95T

(0v'T '95°0) 68°0
(TE'T '¥5°0) ¥8'0
(Tr'T '¥9'0) 56'0
(€'7'99°0) 60

(¥S'T'89°0) 20'T
(€9'T'SL°0) OT'T
(er1'280) 2zt
(18T 'v6'0) 2T

(29T 'v8°0) 9T'T
(29'1'68°0) T2'T
(zrT'e0T) EET
(69T '20T) €T

sawooINQ BulssiAl 1o} pajyBiap UOHLINY JO Al|IGeqoId 8sIenul *, 2 13POIN
$3wo2INQ BuissiAl 104 pajyBip uonumy Jo Anjigeqoid asianu] T 18PN

sawoaInQ BuissiA 1o} palybiapn uonLny 4o Alljigeqold aslaau] ‘paisnipeun
aseD aj9|dwo) ‘parsnipeun
(8- SNs oA 9-T 8100S) PapUBIXT B[S BWO0INO Mobse|D

(10 %g6) 4O

(10 %S6) 4O _

(10 %SG6) 4O

(10 %S6) 4O

Bunows 1us1InD

elwspidi|pdAH _

sepdeld

uoisualedAH

Author Manuscript

APMS 19L-MOVH L ‘S9W09INO 1L YIUOIN-9 YN SI0)98 YSIY Je[naseA [EnPIAIPU] JO SUONBIJOSSY

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.



Page 17

Schneider et al.

'3[e3S w0 MoBSe|D ‘SD9 {[eAI3IUl 32UBPIIUOI ‘| :SUOITRIABIGAY
‘Burjows 1ua1nd ou pue ‘elwapidiiadAy ou ‘selaqelp ou ‘uoisusladAy ou aie sdnolb adusIa)Y BI0N

‘(uoissiwpe [eydsoy ‘aed wool Aousbiawa ybnos ased [ealpaw
ou ‘auou) |g1 Joud pue ‘(ou ‘sak) Asixuesuoissaidap Jo Aloisiy ‘(ou sak) asn Bnap uoipp ‘([usw] Aep/syuiip 2 10 [uswom] Aepysyunp €< ([usw] Aep/syuuip €-T 1o [uswom] Aep/syuip z-T ‘Aep/syuuip Q)
uondwnsuod joyoaje ‘(Iuapnis ‘pajgesip/palnal ‘pakojdwaun ‘awn-yed awi-jny) snieis JuswAojdws ‘(Jooyas ybiy< ‘quspeainba Jo jooyds ybiy ‘jooyas ybiy>) uoneanps + T [9POIA 104 paisnipy :Z 19poN

¥

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.



Page 18

Schneider et al.

(Se's 'vST) vi'e
(ez9'ocr) 6Ty
(8e'v '1L°0) 55T
(L0 'ev'0) STe

(00°€ '¥9'0) 28T
(cTv'9LT) ¥6C
(907 '59'T) §8'C
(c6€ ‘28T 2LT

(s9uaJaay) 0
(s0uaiagay) 0

(s0uaJaay) 0
(s0uaiagay) 0

S3W0NO BuIssIAl 10} PayBIapn UOBLIY JO AN|IGeqOId BSI9AUI * ¢ |3POIN

SaWo9INO Buissi 1oy parybiapn uonLNy 4o A

eQ0Id 8sI9AUL ' T [9PON
SaW0IINQO BUISSIA 104 palyBlap UoRLNY JO AN IGeqoId 8siaAu] ‘pasnipeun
aseD ajg|dwo) ‘parsnipeun

xapu | A11188S [eqo| Alojuenu | woldwiAs felig wel|-gT

(500 '18°¢-) 8€'T-
(88'0-'sLe-) 1€~
(ze'1-"LTv-) vL'2-
(£8'T-'08'7-) vE'E-

(200~ ‘22°T-) 68°0-
(98°0-‘09'2-) €L'T-
(00'T-'98'2-) €6'T-
(81'T-'60'€-) €T'2-

(s0uaiagay) 0

(s0uaJaay) 0

(s9uaJaay) 0
(s0uaJaay) 0

S8W09INQ Buiss 1oy parybiapn uonLNY 40 AljIgeqold astenu| ' C19PON

$3Wo9INQ Buissi 1oy parybiapn uonLNy 4o A

eqOId 8sI3AU * T [9PON
SaW0ANQ BulssIN 104 pajyBiap UORLNY JO A)|Igeqoid asianu] ‘paisnipeun
ase) a19dwo) ‘parsnipeun

3[e3S 3417 Ym uoloesites

(LLr9'vre) svy
(€72 '69°2) T0'S
(ST'9'72T)56°€
(£8'6'Lv'T) L9°€

(L€ '09'0) ¥0'C
(ve'v ‘19T 26'C
(Tev ‘Tr'7) 982
(sTY'szT) 0L

(s0ualaay) 0
(s9uaJaay) 0
[CRIEIETEN) )

(s9uaJayay) 0

SaWoANO BussiAl 10} paBiapn UORLIY JO ANIGeqold BSIeAUI ‘2 |3POIN

SaWo9INQ HBuissi 1oy parybiapn uonlny 4o A

eQ0Id 9SI3AUI * T 19POIN
sawoaINQO Bulssi 1oy paiyBrapn uonuny Jo Aljigeqoid asisu] ‘paisnipeun
ase) a19|dwo) ‘parsnipeun

aJreuuosand woldwAS UOISSNOU0D-1S0d PeaW JoATY

(10 %s6) 9

(10 %s6) @

(10 %s6) 9

(e8'T'v8°0) €21
(86'T 'v6'0) 9€'T
(ETZ'eTT) ST
(LT2'sT1) 85T

(PLT'20T) 9€'T
(€02 '22T) 19T
(68'T 'CT) ST
(€8'T'02'T) 8¥'T

(s0ualayey) T
(s0ualayey) T
[CRIEIETEN) R

(s0uauayay) T

$3W0INO BulssiAl 10} payBiapn UORLINY J0 ANIGeqold 8SIeAUl ‘2 |3POIN
$aWo2INQ BulssiA 10} PalyBIaM uoNLNY Jo ANlIqeqold 8siaAUl |, T [9PON

sawo02nQ Buissiy Joj paybiapn UonLNY 1o AlljIgeqold asianu] ‘paisnipeun
ase) a19|dwo) ‘parsnipeun
(8-2 SNs oA 9-T ©109S) PEPULBIXT B[edS BWodINO Mobise|9

(10 %g6) 4O

(10 %s6) O

(10 %S6) 4O

S1010B4 ¥SI1Y fe|noseA +¢ _ 10108 SIY Jenosen T _ SJI010BH ¥SIY Je|noseA O

SJI0108] YSIY JejnoseA Jo BquinN

Author Manuscript

APMIS 19L-YOVH L ‘S9W09INO 1L YIUOIN-9 YIIM SI0)98 YSIY Je[nIseA JO JSGUINN JO SUOIEII0SSY

‘€ 9lqeL

Author Manuscript

Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.



Page 19

Schneider et al.

“Ainfur ureiq onewnes ‘|91 ‘8[eds ewo MoBseD ‘SO {[eAIsIul 80USPLUOD ‘| SUONRIASIGQY

*(uoissiwpe endsoy ‘a4ed woos Aouabiaws ‘ybnos aled
[eaipaw ou ‘auou) |9 Joud pue ‘A1aixue/uoissaidap Jo A1oisiy ‘(ou sak) asn Bnup 1 ‘([uawi] Aep/syunp 4=z 1o [uswom] Aep/syuuip €2 ‘[uaw] Aep/syunip -1 Jo [uswom] Aep/syunip z-T ‘Aep/syuip Q)

uondwnsuod [oyodfe ‘(uapnis ‘pajgesip/painal ‘pakojdwaun ‘swn-yed Bwi-|jny) snieis wawAojdwsa ‘(Jooyas ybiy< ‘quafeninba 1o jooyas ybry {jooyds ybiy>) uoneanps + T [9POIN 104 paisnipy iz |9pON
*x

‘([8-€ $09] a19n8s :[2T-6 SOO] 21eiapow ‘[sBulpuly [elueIoRIUI 10} 8AIISOd | D peay a1nde pue GT-£T SO9] pliw parearjdwod ([sBuipuly [elueioeiul 10}
aniebau | D peay ainde pue GT-£T SOO] pliw paresrjdwosun) Allianss 191 pue ‘(aiuedsiH-uou ‘o1uedsiH) Anoiuyie ‘(Jayio xoe|q 81ym) aoel ‘(sfeway ‘ajew) xas ‘(snonunuod) abe 1oy paisnlpy :T |9pOIN
*

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2024 January 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study Population and Study Design
	Vascular Risk Factors
	Outcome Measures
	Covariates
	Statistical Analyses

	RESULTS
	Participant Characteristics
	Associations of Pre-Injury Vascular Risk Factors with GOSE Scores
	Associations of the Pre-Injury Vascular Risk Factors with Secondary TBI Outcomes

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.



