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Alzheimer's disease (AD) and traumatic brain injury (TBI) are both significant clinical problems charac-
terized by debilitating symptoms with limited available treatments. Interestingly, both neurological dis-
eases are characterized by neurovascular damage. This impaired brain vasculature correlates with the
onset of dementia, a symptom associated with hippocampal degeneration seen in both diseases. We posit
that vascular damage is a major pathological link between TBI and AD, in that TBI victims are predisposed
to AD symptoms due to altered brain vasculature; vice versa, the progression of AD pathology may be
accelerated by TBI especially when the brain insult worsens hippocampal degeneration. Our hypothesis
is supported by recent data reporting expedited AD pathology in presymptomatic transgenic AD mice
subjected to TBL If our hypothesis is correct, treatments targeted at repairing the vasculature may prove

effective at treating both diseases and preventing the evolution of AD symptoms in TBI victims.

© 2013 Elsevier Ltd. All rights reserved.

Alzheimer’s disease and vascular damage

Each year, Alzheimer’s disease (AD) affects over five million peo-
ple in the United States. In most cases, symptoms emerge after the
age of sixty, and progress on a spectrum of three stages. Memory
loss and poor judgment are among the most prominent early signs
and symptoms. AD is a neurodegenerative disorder [1] primarily
tied to the hippocampus region of the brain with patients exhibiting
an inability to communicate and a lack of control of bowel and blad-
der. As the disease progresses, brain tissue in the surrounding
hippocampal areas undergoes similar neurodegeneration, charac-
terized by aberrant tau and amyloid protein deposits [1]. AD is a
debilitating, irreversible brain condition that eventually leads to
death.

AD’s major pathological feature is the degeneration and loss of
cholinergic neurons and synapses [2], which compromises the
brain. This neuronal death is prominent in areas such as the basal
forebrain, amygdala, hippocampus, and cortical area. Over time,
memory and cognitive function decline in patients thus causing
dementia and eventually death [3-5]. Currently the only positive
treatment is acetylcholinesterase inhibitors that merely relieve
pain but not cure the disease. Exposing cell death mechanisms
brought by AD may reveal novel curative strategies. The amyloid
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cascade theory [6] states that extracellular plaques containing
B-amyloid (ApB) peptides pathologically cause AD. These A plaques
mature into B-plated sheets and fibrilise into neuritic plates, which
consequently results in microglial and astrocytic activation, oxida-
tive injury, tau aggregation and phosphorylation, culminating in
neuronal loss and synaptic dysfunction resulting in dementia [6].
Studies show that an increase in Ap peptides triggers memory def-
icits [7]. These peptides are derived from the bigger amyloid pre-
cursor protein (APP).

Vascular damage is another important component of AD pathol-
ogy. Degradation of the neurovascular unit (NVU) is characteristic
of many neurological diseases [8]. In addition, AD vascular risk fac-
tors such as hypoglycemia, hypertension, etc. cause BBB dysfunc-
tion and damage the NVU during the process of aging [9,10]. The
dysregulation of NVU leads to degeneration of nerve endings and
retrograde death of cholinergic neurons [8]. This can also hinder
the BBB functions, weakening the BBB’s ability to clear Af. The
Ap then accumulates within the brain, causing chronic inflamma-
tion and further damage to the NVU [8].

Traumatic brain injury and vascular damage

BBB leakage and vascular breakdown, including NVU impair-
ment, have been recognized in acute brain injuries. Yearly, an esti-
mated 235,000 Americans are hospitalized for non-fatal traumatic
brain injury (TBI), 1.1 million are treated in emergency, and
50,000 die as a result of the injury [11]. Additionally, it is estimated
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that 43.1% of patients discharged from hospitals with acute TBI
suffer from TBI-related long-term debilitation [12]. TBI is brain
damage typically caused by a violent impact, blow, or jolt that re-
sults in the brain striking the inside of the skull [13]. A head punc-
ture can also lead to TBI if the object reaches brain tissue [13].
Improvised explosive devices (IED) are often responsible for war-
related TBI [14,15] because when a frontal blast wave encounters
the head, the shockwave is transferred through skull, cerebrospinal
fluid (CSF), and tissue. The shockwave creates negative pressure at
the countercoup and has the potential to cause cavitation [16]. In
addition to the current TBI target population being war fighters
and veterans, TBI is also common in our daily lives, such as vehicu-
lar accidents, elderly falls, and baby accidents.

TBI has a wide range of symptoms that vary with the severity of
injury. Mild TBI is typically characterized by headache, confusion,
lightheadedness, dizziness, blurred vision, ringing in the ears, bad
taste in the mouth, fatigue, altered sleep patterns, and behavioral
or mood changes [13]. In more severe TBI cases, symptoms may
be more exaggerated. For example, more severe TBI is marked by
repeated vomiting or nausea, inability to awaken from sleep, sei-
zures, pupil dilation, slurred speech, coordination loss, and confu-
sion [13]. Many patients suffer from TBI's debilitating symptoms
for the rest of their lives.

Although widely considered as an acute brain disease, TBI has
been shown to be associated with chronic secondary cell death
mediated by many cell death mechanisms including excitotoxicity,
free radical formation, disrupted metabolism, and brain swelling
[17]. Following the initial trauma, TBI continues to impair the brain
by secondary neurodegeneration [17]. Therefore, it is imperative
that strategies are developed to combat secondary brain tissue
damage and thus limit the impact of TBIL
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A major exacerbating neurodegenerative factor accompanying
TBI involves a robust inflammatory reaction after the initial injury
occurs [18]. What remains highly controversial is that blood-borne
white cells serve as a casual factor in secondary brain injury [18].
Polymorphonuclear leukocytes and lymphocytes penetrate brain
parenchyma within an hour of the primary brain insult [19]. Once
the leukocytes have infiltrated the brain parenchyma, they can
increase the vascular permeability in addition to releasing free rad-
icals, activating proteases, altering the cerebral blood flow, and/or
producing deleterious pro-inflammatory chemokines and cyto-
kines [20-22].

Hypothesis: vascular damage is a common pathological deno-
minator in Alzheimer’s disease and traumatic brain injury

With the breach in vascular integrity, BBB breakdown follows
TBI. Compelling evidence also shows that BBB leakage can arise sec-
ondarily to the abnormal brain activity (i.e., as seen with AD pathol-
ogy) [21]. Therefore, a compromised BBB after TBI can last for years
after an acute event [23]. This BBB breakdown is directly associated
with an increase in the number of endothelial caveolae [24], result-
ing in transcytosis of plasma proteins [25,26] and a decrease in tight
junction proteins [27,28]. Additionally, the BBB leakage is regarded
as the arbitrator of neuroinflammatory responses, which are known
to be a key pathological consequence of myriad brain pathologies
including stroke, TBI, and AD [29-31].

Although the role of the BBB in the disease pathogenesis is still a
developing interest of study, TBI can strongly increase the risk of
developing AD [32,33]. TBI has been found to increase AB secretion
in the brain [34] and, as discussed previously, the accumulation of
ApB in the brain can trigger AD [35].
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Fig. 1. TBI-accelerated Ap plaque build-up is accompanied by vascular damage. Under normal conditions, healthy blood vessels and amyloid precursor proteins can be seen in
the brain (A). Either aging of the brain or TBI or even both can cause enzymatic alteration of the APP molecule (B), resulting in aberrant aggregation of A plaques (C).
Accumulation of AB plaques is accompanied by vascular damage (D), which may act as a precursor to AD, as well as an exacerbating factor to TBI.
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