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Abstract

Background: Epidemiological studies examining associations between traumatic brain injury 

(TBI) and Alzheimer’s Disease and Related Dementias (ADRD) have yielded conflicting results, 

which may be due methodological differences.

Objective: To examine the relationship between the presence and severity of TBI and risk of 

ADRD using a population-based cohort with medical record abstraction for confirmation of TBI 

and ADRD.

Methods: All TBI events among Olmsted County, Minnesota residents aged >40 years from 

1985-1999 were confirmed by manual review and classified by severity. Each TBI case was 

randomly matched to 2 age-, sex-, and non-head injury population-based referents without TBI. 

For TBI events with non-head trauma the Trauma Mortality Prediction Model was applied to 

assign an overall measure of non-head injury severity and corresponding referents were matched 

on this variable. Medical records were manually abstracted to confirm ADRD diagnosis. Cox 

proportional hazards models examined the relationship between TBI and severity with risk of 

ADRD.

Results: A total of 1,418 residents had a confirmed TBI (865 Possible, 450 Probable, and 103 

Definite) and were matched to 2,836 referents. When combining all TBI severities, the risk of any 

ADRD was significantly higher for those with a confirmed TBI compared to referents (HR=1.32, 

95% CI: 1.11, 1.58). Stratifying by TBI severity, Probable (HR=1.42, 95% CI: 1.05, 1.92) and 

Possible (HR=1.29, 95% CI: 1.02-1.62) TBI was associated with an increased risk of ADRD, but 

not Definite TBI (HR=1.22, 95% CI: 0.68, 2.18).
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Conclusion: Our analyses support including TBI as a potential risk factor for developing 

ADRD.
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INTRODUCTION

Functionally limiting neurological impairment and societal costs related to traumatic brain 

injury (TBI) place a profound burden on individuals and their families in United States 

military and civilian communities [1]. Long-term functional limitations after TBI have 

been attributable to cognitive and neurobehavioral impairment in some individuals [2–4]. 

However, epidemiological studies examining associations between TBI and Alzheimer’s 

Disease and Related Dementias (ADRD) have yielded conflicting results. Some studies 

have reported an association between TBI and an increased risk for developing clinical or 

pathological ADRD [5–14]. However, others have not found an association [15–21]. There 

have also been conflicting reports of a differential risk of developing ADRD related to TBI 

severity [6, 13, 14].

These discrepant findings in associating TBI with ADRD may be due to methodological 

variations in defining TBI and ADRD, the TBI study population examined, consideration 

and classification of TBI severity, and the type of comparison group utilized [22]. Study 

populations have also varied widely, including at-risk groups (e.g., active-duty military 

personnel, veterans, or professional athletes, which are almost exclusively male) and 

community-based convenience samples, often not considering age at TBI. A limitation of 

some studies is their reliance on self- or proxy-report of TBI and injury severity [6, 7, 

15, 20], which is hindered by recall bias and inaccurately assigning injury severity [23, 

24]. Many studies have relied on TBI and ADRD case ascertainment using administrative 

datasets with diagnostic codes, patient registry data, or billing records, which lack accuracy 

[25, 26]. Given these limitations, we examined the relationship between the presence and 

severity of TBI and risk of ADRD using a population-based cohort of county residents. 

We used the Rochester Epidemiology Project (REP) medical records-linkage system to 

confirm all TBI cases among those aged 40 and older between 1985 and 1999, and to 

confirm subsequent ADRD outcomes through 2018 via medical record chart abstraction. 

We compared risk of ADRD to age- and sex-matched referents without a TBI, including 

matched non-head trauma, and assessed whether associations differed by sex.

MATERIALS AND METHODS

Participants and Study Design

The Rochester Epidemiology Project (REP) medical-records linkage system was used to 

identify all Olmsted County, Minnesota residents, aged 40 and older between 1985 and 

1999 [27, 28]. Briefly, the REP links all medical records from all providers in Olmsted 

County (encompassing Mayo Clinic and Olmsted Medical Center including their affiliated 
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hospitals and medical facilities) using a unit medical record system whereby all outpatients, 

inpatients, emergency room, and nursing home information is kept in the same unit record. 

The REP captures virtually all individuals who have resided in Olmsted County, MN 

at some time from 1966 to the present, regardless of age, sex, ethnicity, disease status, 

socio-economic status, or insurance status. Indeed, REP estimates of the Olmsted County 

population are 2-4% higher than those reported by the US Census [29]. The proportion 

of individuals by sex, age, and ethnicity in Olmsted County is representative of the state 

of Minnesota and the upper Midwest 5-state region. Incidence rates of many diseases in 

Olmsted County, including breast cancer, multiple myeloma and heart disease are similar to 

those observed in other US populations [29]. Because our goal was to estimate the long-term 

risk of ADRD, we limited the population to those who had at least 5 years of follow-up 

and those > 40 years of age at TBI, because the incidence of ADRD greatly increases with 

age. Thus, we identified all TBI cases for persons residing in Olmsted County between 1985 

and 1999 who were aged 40 and over and followed residents for outcomes through 2018 via 

medical record review.

Standard protocol approvals, registration, and patient consent

The study was approved by the Institutional Review Boards of Mayo Clinic and Olmsted 

Medical Center. Written informed consent was not required for passive medical record 

review, but all participants had provided consent for the use of their medical records for 

research.

Identification of TBI and determination of TBI severity based on medical record review

The methods for identification of the TBI cohort have been described in detail [23, 

30]. }Using the REP diagnostic index, a list of all potential residents in the population at any 

age was constructed with diagnostic codes suggestive of TBI for the period, January 1, 1985 

to December 31, 1999 as previously described [23, 31]. The number of codes included in 

this list was extensive to obtain the greatest sensitivity for detecting TBI (see Supplementary 

Table 1). For each resident with a potential TBI code, nurse abstractors examined the written 

and electronic medical records to confirm the presence of TBI and classify its severity.

TBI was defined as a traumatically induced injury that contributed to the physiological 

disruption of brain function. Evidence in the medical record used to determine physiological 

disruption included documentation of any of the following: concussion with loss of 

consciousness, post-traumatic amnesia, neurological signs of brain injury, and/or evidence 

of intracerebral, subdural, or epidural hematoma, cerebral or hemorrhagic contusion, or 

brain stem injury, penetrating brain injury, skull fracture, or post-concussive symptoms 

(dizziness, confusion, blurred vision, double vision, headache, nausea, or vomiting that 

lasted greater than 30 minutes and that were not attributable to preexisting or comorbid 

conditions). Information from all medical care settings was reviewed (e.g., hospital 

inpatient, hospital outpatient, emergency department, office visit, or nursing home). Detailed 

information available for review (electronically or via written medical health record) 

included medical history, all clinical assessments, consultation reports, surgical procedures, 

dismissal summaries, laboratory and radiology results, correspondence, death certificates, 

and autopsy reports. All open-text notes were examined for any indication of a relevant 
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symptom. Individuals who did not seek medical attention specifically for either the event 

or for sequelae (i.e., injuries identified as part of the past medical history) were excluded 

because injury severity could not be confirmed. Injuries sustained before the index TBI are 

not known.

All incident and subsequent TBI events were characterized by mechanism of injury 

according to methods developed by the National Center for Injury Prevention and 

Control, Division of Injury Disability, Outcomes, and Programs (part of the Centers for 

Disease Control and Prevention) [32]. Incident events were assigned to one of the TBI 

severity classification categories using the classification system developed by Malec et 

al. [33], which emphasizes the use of positive evidence of brain injury obtained by 

reviewing clinical information contained within REP provider-linked medical records. 

This inclusive system classifies injury severity into ‘definite’ (consistent with moderate-

severe), ‘probable’ (consistent with mild), and ‘possible’ (consistent with concussive) 

categories. Definite cases were those with evidence of either death due to this traumatic 

brain injury; loss of consciousness for at least 30 minutes; post-traumatic anterograde 

amnesia lasting at least 24 hours; a Glasgow Coma Scale full score in first 24 hours 

of <13 (and were not attributable to preexisting or comorbid conditions: blurred vision, 

confusion (mental state changes, dazed, dizziness, focal neurologic symptoms, headache, 

or nausea); or any of the following: intracerebral, subdural, or epidural hematoma; 

cerebral or hemorrhagic contusion; penetrating traumatic brain injury (dura penetrated); 

or subarachnoid hemorrhage. Probable cases lacked criteria for definite but had evidence 

of some loss of consciousness (momentary to <30 minutes); post-traumatic anterograde 

amnesia (momentary to <24 hours); or depressed, basilar, or linear skull fracture (dura 

intact). Possible (symptomatic) traumatic brain injury cases lacked criteria for either definite 

or probable but had evidence of any of the following symptoms that lasted ≥30 minutes 

and were not attributable to preexisting or comorbid conditions: blurred vision, confusion 

(mental state changes), dazed, dizziness, focal neurologic symptoms, headache, or nausea.

Selection of age- and sex-, and co-occurring non-head trauma matched referents

Date of first incident TBI was considered the index date for matching unexposed referents. 

Each person with a confirmed TBI was randomly matched to 2 sex-, age-, and co-occurring 

non-head trauma referents without TBI, who were residents of Olmsted County and seen 

in any Olmsted County medical facility in the year (+/−1) of the exposed individual’s 

TBI event. All referents had a thorough medical record review using the above-described 

resources to confirm the absence of a TBI in the medical record prior to the index date.

All confirmed TBI events were categorized as either having an isolated TBI or TBI 

associated with non-head traumatic injury [30]. For TBI events with non-head trauma, 

each of the accompanying non-head injuries was assigned a diagnosis code based on an 

empiric measure of injury severity. The Trauma Mortality Prediction Model (TMPM) was 

then applied to assign an overall measure of non-head injury severity to each individual case 

[34]. Referents matched to confirmed TBI events who experienced co-occurring non-head 

trauma were also required to have been hospitalized or seen in the emergency department for 
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non-head traumatic injuries with a comparable TMPM score within ± 2 years of the exposed 

TBI index date.

Definition of ADRD outcomes

Previous studies have suggested moderate accuracy for detecting dementia using ICD 

codes and difficulty in accurately ascertaining dementia type [35–38]. Therefore, all charts 

from all residents with a confirmed TBI and their matched referents were manually 

abstracted by two of the authors (AWB, MMM). Although screening and diagnosis of 

dementia were not uniformly standardized across all providers in Olmsted County, the 

two reviewers manually reviewed the records in the same manner and discussed those 

that were ambiguous. A diagnosis of dementia was based on Diagnostic and Statistical 

Manual (DSM)-IV criteria [39]. Etiologic diagnoses for dementia cases were based on 

standard criteria for Alzheimer’s disease (AD) dementia [40], vascular dementia [41], 

Parkinson’s disease (PD) dementia (PDD) or dementia with Lewy bodies (DLB) [42], and 

frontotemporal dementia [43]. Medical record chart review using the REP has been found 

to have good sensitivity and specificity when compared to in-person research study visits 

with a physician, neuropsychologist, and nurse [38]. Because ADRD have a long preclinical 

phase, any case with a confirmed TBI event within 3 years of the approximate date of 

ADRD onset was excluded.

For a diagnosis of PD, previously specified criteria were utilized [44, 45]. This diagnostic 

criteria included the definition of parkinsonism as a syndrome and the definition of types 

of parkinsonism within the syndrome. Parkinsonism was defined as the presence of at 

least 2 of the following 4 cardinal signs: rest tremor, bradykinesia, rigidity, and impaired 

postural reflexes. PD was defined as parkinsonism with all 3 of the following: no other 

cause (e.g., repeated stroke with stepwise progression, repeated head injury, history of 

encephalitis, neuroleptic treatment ≤ 6 month before onset, hydrocephalus, brain tumor); no 

documentation of unresponsiveness to levodopa at doses of at least 1 g/d in combination 

with carbidopa (applicable only to patients who were treated); and no prominent or early 

(<1 y of onset) signs of more extensive nervous system involvement (e.g., dysautonomia) not 

explained otherwise [44]. The pathological validation of these clinical diagnoses by medical 

record chart review has been determined [46].

Other dementias/neurodegenerative diseases identified in the chart were also recorded 

including amyotrophic lateral sclerosis, alcohol dementia, corticobasal degeneration, 

dementia due to multiple sclerosis, multisystem atrophy, mixed dementia, normal pressure 

hydrocephalus with dementia, progressive primary aphasia, and progressive supranuclear 

palsy. Residents who had dementia but for which we were unable to determine etiology were 

defined as “Dementia NOS.”

Statistical analyses

Chi-square test for categorical variables and Wilcoxon rank sum tests for continuous 

variables were used to assess differences in characteristics between those with and without 

a confirmed TBI. Cox proportional hazards models were used to examine the relationship 

between TBI and any ADRD and type, with age as the timescale. The hazard ratio (HR) 
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and 95% confidence intervals (CI) are reported for prediction of occurrence of ADRD for 

those with TBI compared to their matched referents. All individuals with confirmed TBI 

and all sex- and age-matched referents were followed in the REP census from the TBI event 

or corresponding index date until the earliest date of: a) the estimated onset of ADRD; 

b) the last medical visit in Olmsted County; c) December 31, 2018; or d) death. A plot 

of Schoenfeld residuals was utilized to confirm the proportional hazards assumption. If 

referents developed a confirmed TBI event after their index date, they were censored at that 

time. In addition, we assessed whether the associations between TBI and ADRD differed 

by sex or by age (continuous variable) by adding an interaction term to the model. Separate 

models were run to assess the associations between TBI and any ADRD, AD only, vascular 

dementia only, PD only, and PDD or DLB combined. Individuals with TBI were analyzed 

together and stratified by injury severity. All statistical tests were 2-sided and p-values less 

than 0.05 were considered statistically significant. Statistical analyses were performed using 

SAS version 9.4 (SAS Inc., Cary, NC).

RESULTS

The study flow and numbers are shown in Figure 1. Briefly, between January 1, 1985 and 

December 31, 1999, 45,791 Olmsted County residents with a diagnostic code indicative of 

a potential TBI were identified. Of these, 6,939 residents (15.2%) were aged 40 years and 

older at the time of the code and had at least 5 years of follow-up. After chart review, 1,418 

(11.3%) were determined to have a confirmed TBI. These individuals were age- and sex-, 

and non-head trauma-matched to 2,836 residents that were confirmed to not have a TBI as of 

the index date of the those with TBI.

Participant characteristics by TBI status and incident ADRD are shown in Table 1. The 

median age at TBI was 55 years, 43% were male, and 13% had a co-occurring non-brain 

injury. Of the 1,418 TBI cases, 865 (61%) were Possible, 450 (32%) were Probable, and 

103 (7%) were Definite. Compared to referents, those with TBI were more likely to develop 

any neurodegenerative disease (20.7% versus 16.4%, p = 0.0004). However, there were no 

differences in age at diagnosis or years from the index date to a neurodegenerative diagnosis 

between TBI cases and referents. Residents with a TBI, compared to referents, were more 

likely to develop AD dementia (12.9% versus 11.0%, p = 0.073), DLB (1.3% versus 0.7%, p 
= 0.056), PD (1.4% versus 1.0%, p = 0.264), and vascular dementia (5.6% versus 4.5%, p = 

0.108) but the differences were not significant.

The risk of developing any ADRD and type, by TBI severity, is shown in Table 2. When 

combining all TBI severities, the risk of any ADRD was significantly higher for those with 

a confirmed TBI compared to referents (HR = 1.32, 95% CI: 1.11, 1.58). Stratifying by 

TBI severity, Probable (HR = 1.42, 95% CI: 1.05, 1.92) and Possible (HR = 1.29, 95% CI: 

1.02-1.62) TBI was associated with an increased risk, but not Definite TBI (HR = 1.22, 

95% CI: 0.68, 2.18). Examining specific dementia types including AD dementia, vascular 

dementia, PD, or DLB, neither TBI exposure nor TBI severity was associated with any 

outcome.
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Figure 2 shows that the cumulative incidence of any ADRD was increased for those with 

TBI when TBI severity categories were combined. This significant difference persisted when 

Probable and Possible categories were analyzed separately but not for Definite injuries.

We next determined whether the association between the presence or severity of TBI and 

risk of any ADRD, or type, varied by sex. Including all TBI severities, men had a greater 

risk of any ADRD (HR = 1.59, 95% CI: 1.19, 2.12) compared to women (HR = 1.19, 95% 

CI: 0.95, 1.48). However, the interaction between TBI and sex was not significant for any 

ADRD (p = 0.119) or type (AD: p = 0.476; vascular dementia: p = 0.650; PD: p = 0.175; 

LBD: p = 0.470). We also did not find an interaction between age and any TBI or TBI 

severity for risk of any ADRD (all p>0.20).

DISCUSSION

This population-based analysis found that exposure to any severity of TBI at age 40 and 

older was associated with a 1.3-fold increased risk of ADRD compared to age-, sex-, and 

body-injury-matched population referents. However, when injury severity categories were 

analyzed separately, the risk for ADRD remained significant only for Possible and Probable 

TBI, but not Definite. In addition, we did not observe associations between TBI and specific 

dementia types including AD dementia, vascular dementia, FTD, PD, or LBD. We did not 

find that sex or age modified the association between TBI and risk of ADRD. Confirming 

TBI cases by medical record review, classifying TBI severity across its full spectrum, and 

accounting for non-head trauma enhanced the accuracy of these results.

It is somewhat difficult to directly compare the strength of the current results to previous 

studies because of differences in study designs, populations, and methods by which TBI and 

ADRD outcomes were ascertained [22]. Overall, we did observe that TBI was associated 

with an increased risk of any ADRD, which is similar to many other studies [5–14]. Previous 

population-based studies, most consistent with our study design, with follow-ups ranging 

from 5 to 25 years reported that TBI was associated with a 1.2 to 3.3-fold increased risk of 

dementia, with reduced strengths of association for the longer duration studies [11, 47–49]. 

Our estimate using medical record review instead of codes and about a 13-year follow-up 

is on the low-end of that range ( a hazard ratio of 1.32 for any TBI, 1.42 for Probable, and 

1.29 for a Possible TBI) but consistent with those studies with over 10 years of follow-up. In 

comparison, the study with the greatest strength of an association between TBI and dementia 

had only 5 years and may be more affected by reverse causality [48].

The greater risk for developing ADRD after non-severe TBI found in the present analysis is 

consistent with a recent report from a large trauma registry sample of TBI cases identified 

by diagnostic coding and compared to traumatic orthopedic referents [13]. That study also 

found that moderate-severe TBI (consistent with our Definite classification) was associated 

with a HR of 1.8 for developing dementia, but the association was attenuated and no 

longer significant after adjustment for overall injury severity. This finding is consistent with 

our results of a non-significant HR for developing ADRD after Definite TBI, even after 

accounting for non-head trauma among those with TBI and their referents. In addition, Stopa 

et al. [13] found that TBI cases had higher 10-year mortality when compared to referents 
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despite the brief follow-up time (less than 3 years). This is consistent with a previous report 

in our population that showed the increased risk for death after TBI existed only during the 

first 6 months after injury [30]. Together, these findings indicate that an increased risk for 

death following TBI does not appear to influence the relationship between TBI and ADRD, 

but that the association between TBI and mortality is likely due to injury-related factors 

[50].

Although we found an association between TBI and any ADRD, we did not find 

associations between TBI and specific dementia types including AD dementia, vascular 

dementia, DLB and PD. One explanation could be that we did not have enough outcome 

events. However, other studies with larger sample sizes and AD dementia outcomes have 

also found no associations [15, 51]. A neuropathological study from three cohorts found 

that TBI was associated with Lewy body pathology, but not with amyloid plaques or 

neurofibrillary tangles [51]. However, we also did not find an association between TBI and 

a clinical diagnosis of either DLB or PD. This is consistent with a recent study of 576 

DLB participants from the National Alzheimer’s Coordinating Center which also did not 

find that a history of TBI was associated with DLB. Of note, however, the correspondence 

between clinical symptoms and neuropathology are not 1:1, and the etiologies of dementia 

in later-life are typically due to multiple underlying neuropathologies.

Most studies adjust for sex in models examining associations between TBI and ADRD, but 

few studies have assessed whether the relationship differs by sex. A recent study found 

that women were more vulnerable than men to persistent TBI-related cognitive and somatic 

symptoms [52] but the long-term risk of ADRD was not examined. However, a study of 

almost 1 million veterans reported a slightly, albeit significant, increased risk of dementia 

for men with TBI compared to women with TBI [53]. In the present study, 43% of the TBI 

cases were men. Consistent with the previous study [53], we found that men had a greater 

risk of ADRD than women. However, the difference was not statistically significant in the 

present study.

There are several strengths to this study. First, a major strength is our study design, with 

medical record review of both the TBI and ADRD outcome for confirmation. In addition, 

we were able to ascertain the severity of TBI and type of dementia. Second, for those with a 

confirmed TBI, who also had co-occurring body injury, we were able to match to confirmed 

referents without TBI but body injury. This is particularly important as non-head trauma 

may also increase the risk of ADRD. Last, we incorporated a population-based sample that 

captured all Olmsted County residents during the period of interest. Despite these strengths, 

there are also limitations. First, because we abstracted the medical records of those with at 

least one diagnostic code, we missed those who did not seek any medical care for the TBI 

and we did not have information on self-report. This would likely pertain to the mildest 

cases and could have artificially inflated hazard ratios for the probable and possible groups. 

Second, the number of the most severe (Definite) cases as well as individuals developing 

specific ADRD were relatively small, and this may have limited our power to observe 

an association. Third, while we matched participants with TBI and referents for non-head 

injury, there may be other medical or psychiatric co-morbidities that were unaccounted for 

that could have been more prevalent among those with TBI compared to referents. Last, 
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because our sample only included those older than 40 years of age, results may not be 

generalizable to younger populations.

The results of our analysis in the context of existing literature support including TBI as a 

potential risk factor for developing neurodegenerative disease. However, disparate findings 

in our results and the literature, including counterintuitive associations favoring greater 

risk with diminishing injury severity, indicate that the assessment of TBI-associated risk 

will require greater clinical characterization to better understand this risk. Adverse health 

and psychosocial factors throughout the lifespan have been shown to moderate the risk 

of ADRD following TBI and there may be sex differences [54–56]. Additional research 

examining the relationship between TBI and ADRD is needed – and underway – particularly 

considering socioeconomic status, genomics and epigenetic exposures, neuropathology, race 

and ethnicity, and medical comorbidities.
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Fig. 1. 
Study flow chart for identifying those with a confirmed traumatic brain injury and confirmed 

age- and sex-matched referents.
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Fig. 2. 
Cumulative incidence of Alzheimer’s disease and related dementias for Olmsted County 

residents with traumatic brain injury (TBI) or age- and sex-matched referents. A) Any TBI 

severity; B) Definite TBI; C) Probable TBI; D) Possible TBI.
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Table 1

Participant characteristics by TBI severity and incident ADRD

TBI (n=1,418) Referent (n=2,836) p-value

Male, n (%) 611 (43.1) 1,222 (43.1) 1.000

Mean age (range) 55.0 (46.0,67.0) 54.5 (46.0, 67.0) 0.820

Any incident neurodegenerative disease, n (%) 294 (20.7) 464 (16.4%) 0.0004

Mean age at diagnosis in years (range) 83.5 (77.0, 89.0) 85.0 (78.0, 90.0) 0.112

Mean years of follow-up (range) 13.1 (6.8, 20.4) 12.1 (7.2, 19.3) 0.616

Non-brain injury, n (%) 186 (13%) 373 (13%) 1.000

TBI severity

 Definite, n (%) 103 (7)

 Probable 450 (32)

 Possible 865 (61)

Dementia diagnosis*

 Alzheimer’s disease, median IQR/n (%) 183 (12.9) 313 (11.0) 0.073

 Dementia with Lewy bodies 19 (1.3) 21 (0.7) 0.056

 Parkinson’s disease dementia 20 (1.4) 29 (1.0) 0.264

 Vascular dementia 80 (5.6) 128 (4.5) 0.108

*
Categories are not exclusive; some individuals had multiple dementia etiologies (e.g., Alzheimer’s disease and vascular dementia).

TBI, traumatic brain injury; ADRD, Alzheimer’s disease and related dementias; IQR, interquartile range.
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Table 2

Association between the presence and severity of a traumatic brain injury (TBI) and risk of Alzheimer’s 

disease and related disorders (ADRD)

Outcome Hazard Ratio 95% CI p-value

Any ADRD

 All TBI  1.32 1.11-1.58 0.002

 Definite  1.22 0.68-2.18 0.510

 Probable  1.42 1.05-1.92 0.024

 Possible  1.29 1.02-1.62 0.033

Alzheimer’s disease dementia

 All TBI  1.17 0.94-1.46 0.161

 Definite  1.19 0.56-2.55 0.647

 Probable  1.18 0.79-1.76 0.411

 Possible  1.16 0.87-1.55 0.298

Vascular dementia

 All TBI  1.26 0.92-1.72 0.145

 Definite  0.97 0.40-2.36 0.940

 Probable  1.42 0.82-2.46 0.215

 Possible  1.25 0.82-1.90 0.293

Parkinson’s disease*

 All TBI  1.31 0.71-2.43 0.390

Lewy body dementia or Parkinson’s disease*

 All TBI  1.46 0.75-2.86 0.270

*
When examining Parkinson’s disease and Lewy body dementia and Parkinson’s disease dementia, there were too few outcomes to examine TBI 

severity.

TBI, traumatic brain injury; ADRD, Alzheimer’s disease and related dementias.
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