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Abstract

Objective: Traumatic brain injury (TBI) is associated with elevated rates of cardiovascular 

disease (CVD), and both CVD and TBI are risk factors for dementia. We investigated whether 

CVD and its risk factors underlie the association between TBI and dementia.

Materials and Methods: Cox proportional hazards models among 195,416 Veterans Health 

Administration patients age 55+ with TBI and a no-TBI, age/sex/race-matched comparison sample 

(97,708 per group).

Results: Veterans +TBI were more likely to have any CVD diagnosis (24% vs 36% p=<0.001) 

or risk factor (83 vs. 90% p<0.001) compared to -TBI. During follow-up (mean ~7 years), 12.0% 

of Veterans with TBI only (HR: 2.17 95% CI 2.09–2.25), and 10.3% with CVD only developed 

dementia (HR 1.21 95% CI 1.15–1.28), compared to 6.5% with neither. There was an additive 

association between TBI and CVD on dementia risk (HR 2.51, 95% CI 2.41–2.61). Among 

those +TBI (+/−CVD), risk was minimally attenuated by adjustment for CVD/CVD risk factors 

(unadjusted HR: 2.38, 95% CI: 2.31–2.45; adjusted HR: 2.17, 95% CI 2.10–2.23).

Conclusions: Older veterans with TBI have increased prevalence of CVD/CVD risk factors. 

TBI and CVD had an additive statistical association, with dementia risk increased by ~2.5-fold. 
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However, CVD accounted for little of the association between TBI and dementia. More research is 

needed to understand mechanisms of TBI-dementia and inform clinical guidelines post-TBI.
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INTRODUCTION

Traumatic brain injury (TBI) is common and debilitating [1, 2], and is associated with 

several adverse outcomes, particularly among older adults [3, 4]. Of particular public health 

significance, TBI, including mild TBI [5], is a risk factor for dementia [6–12]. However, 

the etiology and mechanisms underlying the relationship between TBI and dementia risk 

are largely unknown. One possible link between TBI and increased risk for dementia is 

cardiovascular disease (CVD) as individuals with history of TBI have a higher burden of 

CVD [13–15], and CVD is a well-documented risk factor for dementia [16–18].

However, the relationship between TBI and CVD is not yet well-understood. Older adults 

who experience a TBI have high rates of preexisting CVD and CVD risk factors [15], which 

may increase TBI risk through vulnerability to falls [19]. TBI may also increase risk for, 

or even cause, CVD: TBI exposure has been shown to increases risk for subsequent CVD 

compared to individuals without TBI [14], and vascular damage is a commonly-reported 

outcome of TBI due to molecular changes causing chronic inflammation and damage to the 

blood brain barrier [13, 20].

Although CVD is an established risk factor for cognitive decline and dementia [16–18], 

it is unknown how CVD and TBI together may contribute to risk of dementia. CVD 

may explain the association between TBI and dementia; exacerbate the effects of TBI, 

including dementia risk; or could have an effect on dementia risk independent from 

TBI (i.e., additive effect). In addition to addressing possible mechanisms linking TBI 

to dementia, understanding how TBI and CVD together increase risk for dementia has 

important implications for the clinical management of patients with TBI.

Veterans are a group at high risk for TBI and may be particularly vulnerable to 

developing dementia [21]. Therefore, our objective was to study a large, diverse, nationally 

representative cohort of older veterans to investigate whether CVD explains the association 

between TBI and dementia or whether they have additive or synergistic effects.

METHODS

Standard Protocol Approvals

All study procedures were approved by institutional review boards at the University of 

California, San Francisco, San Francisco Veterans Affairs Medical Center, and US Army 

Medical Research and Materiel Command Human Research Protection Office. Informed 

consent was waived because of the use of deidentified archival data.
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Study Population

We sourced data from two nationwide Veterans Health Administration (VHA) system 

databases: the inpatient and outpatient visits database (National Patient Care Database 

[NPCD]) and the Vital Status File. Using these databases, we identified all VHA patients 55 

years of age or older who received a TBI diagnosis between October 1, 2002 and September 

30, 2019. TBI was defined using the Defense and Veterans Brain Injury Center list of 

International Classification of Disease, Ninth and Tenth Revisions (ICD-9 and 10) Codes for 

TBI surveillance coded in inpatient or outpatient visits.

To identify a comparison sample of veterans without TBI, we first selected all veterans 

aged 55 years and older evaluated at VHA facilities during the study period. We excluded 

veterans with prevalent dementia during the 2-year baseline period (defined as 2 years prior 

to TBI diagnosis or a randomly selected date within the study period for Veterans without 

TBI) and those with less than one year of follow-up. We then performed 1:1 matching based 

on age, sex, and race (white vs. non-white) resulting in 97,708 veterans with TBI and 97,708 

veterans without TBI. Dementia was defined using the VA Dementia Steering Committee’s 

recommended list of ICD-9 and 10 codes (2016 version)[22] or a prescription for dementia 

medication (donepezil, memantine, rivastigmine, galantamine).

Demographic information (age, sex, race/ethnicity) was collected from VHA inpatient or 

outpatient files. Zip codes and 2012 US Census data were used to categorize veterans’ 

residences into educational and income categories (for education, 25% or less of the 

adult population has a bachelor’s degree or higher vs. more than 25%; income was 

categorized into median income tertiles). Post-traumatic stress disorder (PTSD), depression, 

and cardiovascular risk factors (diabetes mellitus, obesity/overweight, current tobacco use, 

hypertension, and hypercholesteremia) were defined using ICD-9 and 10 codes assessed 

during the 2-year period prior to the TBI diagnosis or random selection date. Cardiovascular 

disease (CVD) was defined as having an ICD 9 or 10 code for any of the following: heart 

failure, atrial fibrillation, stroke/transient ischemic attack or coronary artery disease (using 

the VA Informatics and Computing Infrastructure [VINCI] phenotype library definition of 

myocardial infarction, cardiac arrest, coronary arteriosclerosis, or coronary artery bypass 

grafting procedure codes).

Baseline characteristics of the age, sex, and race matched veterans with and without TBI 

were compared using t tests for continuous variables and chi square tests for categorical 

variables. We used Cox proportional hazard regression models to determine whether 

TBI was associated with greater risk of dementia with censoring at the date of the last 

medical encounter and age as the timescale. Models were unadjusted and then adjusted for 

confounding factors selected a priori in steps for 1) education, depression and PTSD; and 

2) education, depression, PTSD, any cardiovascular risk factor, and any CVD diagnosis. We 

also completed a sensitivity analysis additionally adjusting for incident CVD risk factors 

and diagnoses occurring during follow-up. We also repeated our analyses using Fine-Grey 

proportional hazards models to account for the competing risk of death. Results are reported 

as hazard ratios (HR) with 95% confidence intervals (CI). We separately tested for the 

presence of an interaction between TBI and any CVD on risk of dementia. Additionally, 

we examined whether TBI and any CVD only, or TBI and any CVD in combination, were 
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associated with greater risk of dementia. Cumulative incidence of dementia as a function of 

TBI and CVD diagnoses was examined graphically.

Standard statistical and graphical techniques were used to assess proportional hazards 

assumptions for all final models. Statistical significance was set at p<.05 (two-sided). SAS 

version 9.4 and STATA/MP version 16.1 were used for all analyses. The data are derived 

from VHA electronic health records and contain protected health information; therefore, the 

data cannot be placed in a public repository. Please contact the authors for additional details 

regarding the process of accessing these data.

RESULTS

Veterans had a mean age of 67 years (SD 9.31) at baseline; 6% were female and 80% 

were white. Although we included veterans with TBIs across the severity spectrum, 

approximately 80% of participants had injuries categorized as mild. Baseline characteristics 

of veterans with and without TBI are shown in Table 1. Veterans with TBI were much more 

likely than those without TBI to have any CVD diagnosis (36% vs 24%, p<0.001) or any 

cardiovascular risk factors (90% vs 83%). Thirty-two percent of veterans with TBI had a 

diagnosis of diabetes mellitus compared to 28% without TBI, and 78% with TBI had a 

diagnosis of hypertension compared to 70% without TBI (p<0.001 for both). Additionally, 

22% of veterans with TBI compared to 15% of veterans without TBI currently used tobacco 

at baseline, and 21% of veterans with TBI vs. 17% of those without were categorized as 

overweight or obese (p<0.001 for both). Veterans with TBI were also almost twice as likely 

than those without TBI to have depression (29% vs. 15%%, p<0.001) and PTSD (19% vs. 

10%). Moreover, education and income differed between veterans with and without TBI, 

such that those with TBI were slightly better educated and more likely to live in less wealthy 

ZIP codes compared to those without TBI.

Overall, 10.8% of veterans developed a dementia diagnosis over follow-up (mean 6.6 years, 

range 1–18 years) with veterans with TBI developing dementia at a higher rate (14.3%) 

compared to those without TBI (7.4%). The unadjusted risk of dementia was almost two 

and a half times as high for veterans with TBI compared to those without TBI (HR: 2.38, 

95% CI: 2.31–2.45). After adjustment for education, depression and PTSD, the HR was 

slightly attenuated to 2.21 (95% CI 2.15–2.28). After further adjustment for any CVD 

diagnoses and any CVD risk factor, the adjusted hazard for dementia was 2.17 (95%, CI 

2.10–2.23). Results were similar using Fine-Grey proportional hazards models accounting 

for the competing risk of death (unadjusted, HR: 2.29, 95% CI 2.23–2.36; fully adjusted 

HR: 2.08, 95% CI 2.02–2.14). About 33% of veterans who did not have CVD risk factors 

or a CVD diagnosis at baseline developed incident CVD or risk factors during follow-up; 

35% of those with TBI and 31% of those with no TBI. Our sensitivity analysis adjusting for 

incident CVD risk factors and diagnoses led to similar results (fully adjusted HR: 2.18, 95% 

CI 2.12–2.25).

There was no evidence of an interaction between TBI and any CVD diagnosis on dementia 

risk (p for interaction, 0.12). Table 2 shows the unadjusted and adjusted associations 

between TBI only and dementia, any CVD diagnosis only and dementia, or TBI in addition 
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to any CVD diagnosis with dementia. Compared with Veterans with neither exposure 

(6.5%), veterans with TBI only, CVD only, or both TBI and CVD had higher rates of 

incident dementia during follow-up (with incident dementia rates ranging from 12.0% for 

TBI only to 18.4% for both diagnoses). TBI and CVD were both associated with increased 

risk of dementia in a model adjusted for education, depression, PTSD and cardiovascular 

risk factors (TBI only HR: 2.17, 95% CI 2.09–2.25; CVD only HR: 1.21, 95% CI 1.15–

1.28). Veterans with TBI plus any CVD diagnosis had the highest risk of dementia (HR: 

2.51, 95% CI 2.41–2.61), suggesting the presence of an independent, additive statistical 

association. Results of sensitivity analyses adjusting for both baseline and incident CVD 

and CVD risk factors were very similar: TBI only HR 2.23, 95% CI 2.12–2.35; CVD only 

HR 1.08, 95% CI 1.02–1.13; TBI plus CVD HR 2.33, 95% CI 2.22–2.43). The cumulative 

incidence of dementia diagnosis among veterans with TBI, any CVD diagnosis, or both is 

shown in Figure 1.

DISCUSSION

In this large, diverse, nationally representative cohort of older US veterans, we observed an 

increased prevalence of both CVD and cardiovascular risk factors among older veterans with 

TBI compared to those without TBI. Moreover, we found that TBI exposure was associated 

with more than a 2-fold increase in the risk for dementia, and CVD was also associated 

with increased dementia risk. However, the statistical association between TBI and dementia 

remained elevated after adjusting for CVD diagnoses and risk factors, suggesting that CVD 

and its risk factors do not account for much of the increased risk of dementia with TBI.

In spite of the documented connections between TBI and CVD and risk factors [13–15, 19], 

little prior research has explicitly addressed the impact of CVD on risk for dementia after 

TBI. Here, our results suggest a large increased risk of dementia after TBI [6–12] as well as 

a modest increase of dementia risk associated with CVD [16, 17]. However, we did not find 

that CVD or risk factors accounted for the association between TBI and risk for dementia, 

nor did we find an interaction between TBI and CVD on dementia risk. Instead, we observed 

an additive statistical association between TBI and CVD on risk of dementia. It is clear 

that more research is needed to understand mechanisms and causal pathways underlying the 

increased dementia diagnosis risk after TBI.

The reason for the elevated prevalence of CVD and CVD risk factors among those with 

TBI is unclear. Our results constitute a statistical association and do not establish a causal 

relationship between CVD and TBI. However, there are multiple pathways by which CVD 

and TBI appear be related. For example, TBI may trigger a complex molecular cascade that 

is not yet fully understood but that may lead to a number of central nervous system changes 

including arterial stiffness, chronic inflammation, and damage to the blood-brain barrier 

[23]. These neurovascular changes also increase risk for stroke [23]. TBI also increases risk 

of incident CVD, including coronary artery disease, arrythmias, heart failure, and stroke 

[14], perhaps by disturbing hemodynamics and interfering with coagulation pathways [24].

Other than CVD, there are several additional proposed mechanistic pathways for the 

association between TBI and dementia. TBI appears to trigger neuropathological changes 
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which may lead to dementia, through multiple pathways including the deposition of both 

tau and amyloid [25], and biomarkers of neuronal damage have been observed in the 

blood of TBI patients even many years after injury [26]. However, one study with brain 

autopsies has shown that individuals with TBI are at higher risk for Lewy body dementia 

and Parkinson’s disease neuropathology, not the neurofibrillary plaques and tangles that 

define Alzheimer disease [27]. Dementia diagnoses after TBI may also reflect cognitive 

impairment associated with the TBI-related structural damage rather than from the presence 

of a secondary neurodegenerative process [28]. This is supported by the accumulating 

evidence that greater severity of TBI is linked to higher risk of dementia [29]. Finally, 

repeated TBIs are associated with chronic traumatic encephalopathy (CTE), a condition 

characterized by a unique pattern of neuropathology detectable only by autopsy [30] and 

a loosely defined clinical syndrome that may include aggression, personality change, and 

cognitive impairment [31]. It is possible that CTE pathology alone or in combination with 

other aging processes could result in a clinical dementia presentation in some cases.

There are limitations to our study which impact the interpretation and generalizability of 

our results. While we carefully matched on the key variables of age, sex and race and 

adjusted for important confounders, all observational studies retain the risk of unmeasured 

confounding. We used ICD-9 and 10 codes as well as dementia medications in existing 

medical records for dementia diagnoses, which may result in less sensitive categorization of 

participants compared to studies in which participants are given a comprehensive dementia 

examination. Finally, results may not generalize to veterans who do not receive VA health 

care or to non-Veterans.

This is one of the first studies to examine the impact of CVD and CVD risk factors 

on risk for dementia diagnosis after TBI. Our primary finding was that, in a large, 

diverse, nationally representative sample of older veterans, TBI was associated with higher 

prevalence of CVD and risk factors. Yet, the statistical association between TBI and 

dementia diagnosis was not attenuated by adjustment for CVD risk factors or CVD, 

indicating that CVD does not seem to account for much of the risk for dementia after 

TBI. Our results also revealed an additive statistical association between TBI and CVD. 

Given the high prevalence of CVD in veterans with history of TBI, as well as their increased 

risk of dementia, these findings suggest that more research is needed to determine causal 

links among CVD, TBI, and dementia and to inform clinical guidelines for older Veterans 

post-TBI in order to optimize healthy cognitive aging.
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Figure 1. 
The additive association between traumatic brain injury (TBI) and cardiovascular disease 

(CVD) is illustrated by showing the cumulative incidence of dementia with age as the 

timescale for veterans with TBI only (dark grey), CVD only (dashed black), both TBI and 

CVD (light grey), or neither (solid black).

Kornblith et al. Page 9

Brain Inj. Author manuscript; available in PMC 2023 April 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kornblith et al. Page 10

Table 1.

Baseline characteristics according to traumatic brain injury (TBI) status among older veterans

No TBI
(n=97,708)

Any TBI
(n=97,708)

P

Demographic

 Age, y, mean (SD) 66.91 (9.3) 66.91 (9.3) --

 Female, n (%) 5,690 (5.8) 5,690 (5.8) --

 White 77,372 (79.2) 77,372 (79.2) --

 >25% college-educated zip code 46,034 (47.1) 46,953 (48.1) <.001

 Low median income tertile 32,349 (33.1) 33,107 (33.9) <.001

Any CVD Risk Factor 81,553 (83.5) 87,921 (90.0) <.001

 Current tobacco use 14,334 (14.7) 21,320 (21.8) <.001

 Diabetes mellitus 26,993 (27.6) 30,744 (31.5) <.001

 Obesity/overweight 16,087 (16.5) 20,012 (20.5) <.001

 Hypertension 68,772 (70.4) 76,528 (78.3) <.001

 Hypercholesterolemia 59,744 (61.2) 64,044 (65.6) <.001

Any CVD Diagnosis 23,184 (23.7) 34,794 (35.6) <.001

 Coronary artery disease (CAD) 15,598 (16.0) 19,275 (19.7) <.001

 Heart Failure 4,252 (4.4) 8,049 (8.2) <.001

 Atrial Fibrillation 4,821 (4.9) 9,135 (9.4) <.001

 Stroke/transient ischemic attack 5,634 (5.8) 15,816 (16.2) <.001

Psychiatric

 Depression 14,311 (14.7) 28,273 (28.9) <.001

 Post-traumatic stress disorder 9,232 (9.5) 18,756 (19.2) <.001

SD, standard deviation, CVD, cardiovascular disease
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Table 2.

The association between TBI and CVD and risk of dementia from Cox proportional hazards models

No. (%) HR (95% CI)

Dementia Unadjusted Adjusted

Model 1 Model 2

Neither 4,864 (6.5) ref ref ref

TBI only 7,555 (12.0) 2.35 (2.27–2.44) 2.19 (2.11–2.27) 2.17 (2.09–2.25)

CVD only 2,378 (10.3) 1.26 (1.20–1.32) 1.23 (1.17–1.29) 1.21 (1.15–1.28)

TBI and CVD 6,398 (18.4) 2.83 (2.72–2.94) 2.59 (2.49–2.69) 2.51 (2.41–2.61)

TBI, traumatic brain injury, CVD, cardiovascular disease, HR, hazard ratio, CI, confidence interval, PTSD, post-traumatic stress disorder. 
Unadjusted and adjusted analyses included Veterans with TBI matched 1:1 on age, race and sex. Model 1 adjusted for education, PTSD and 
depression. Model 2 adjusted for education, PTSD, depression and CVD risk factors (diabetes mellitus, obesity/ overweight, current tobacco use, 
hypertension, and hypercholesterolemia).
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