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Abstract

Purpose: Psychological stress is a significant health problem in veterans and their family
members. Traumatic brain injury (TBI) and stress lead to onset, progression, and worsening of
several inflammatory and neurodegenerative diseases in the veterans and civilians. Alzheimer’s
disease (AD) is a progressive irreversible neuroinflammatory disease that causes problems with
memory, thinking, and behavior. TBI and chronic psychological stress cause and accelerate the
pathology of neuroinflammatory diseases such as AD. However, the precise molecular and cellular
mechanisms governing neuroinflammation and neurodegeneration are currently unknown,
especially in the veterans. Therefore, the purpose of this review article is to advance the hypothesis
that stress and TBI-mediated immune response substantially contribute and accelerate the
pathogenesis of AD in veterans and their close family members and civilians.

Methods: The information in this article was collected and interpreted from the published articles
in PubMed between 1985 and 2020 using the keywords stress, psychological stress, Afghanistan
war, Operation Enduring Freedom (OEF), Iraq War, Operation Iragi Freedom (OIF), Operation
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New Dawn (OND), traumatic brain injury, mast cell and stress, stress and neuroimmune response,
stress and Alzheimer’s disease, traumatic brain injury and Alzheimer’s disease.

Findings: Chronic psychological stress and brain injury induce the generation and accumulation
of beta-amyloid (AB) peptide, amyloid plaques (APs), neurofibrillary tangles (NFTs) and
phosphorylation of tau in the brain thereby contributing to AD pathogenesis. Active military
personnel and veterans are under enormous psychological stress due to various war-related
activities, including TBI, disabilities, fear, new environmental conditions, lack of normal life
activities, insufficient communications, explosions, military-related noise, and health hazards.
Brain injury, stress, mast cell, and other immune cell activation can induce headache, migraine,
dementia, and upregulate neuroinflammation and neurodegeneration in the OEF, OIF, and OND
veterans. TBI, post-traumatic stress disorder (PTSD), psychological stress, pain, glial activation,
and dementia in the active military personnel, veterans or in their family members can cause AD
several years into the future in their late lives. We suggest that an increased number of veterans
with TBI and stress, and they may develop AD in their late lives if there is no appropriate
therapeutic intervention available.

Implications: The published reports indicate the fact that TBI and psychological stress can
accelerate the pathogenesis of AD should be recognized. Active military personnel, veterans, and
their close family members should be regularly evaluated for the stress symptoms to prevent the
pathogenesis of neurodegenerative diseases, including AD.

Keywords

Afghanistan war; Alzheimer’s disease; amyloid plaque; Iraq war; psychological stress; traumatic
brain injury

INTRODUCTION

The Afghanistan war Operation Enduring Freedom (OEF, 2001-2014) was started in 2001.
This was followed by Operation Freedom’s Sentinel (January 2015-present) with US troops
that focuses on training, advising, and assisting Afghanistan security forces. In 2014, US
troops were withdrawn from Afghanistan, although some remained there as advisors. The
Iraq war Operation Iragi Freedom (OIF) was started in March 2003 by the U.S. led coalition
forces. The total number of US troops in Iraq peaked at a major combat operation.
Subsequently, the number varied over time, depending on the events. The transition to
Operation New Dawn (OND), September 2010, marked the official end to OIF (August 31,
2010) and combat operations by the US forces in Irag. During OND, service members have
conducted stability operations in Iraqg.

Nine years of Iraq war claimed the lives of nearly 4500 US troops. Both OEF and OIF
caused traumatic brain injury (TBI), psychological stress, and post-traumatic stress disorder
(PTSD) that are considered as the risk factor for neurodegenerative diseases in the veterans
and their family members. Long-term health effects, including mental health in OEF and
OIF veterans, are currently of more significant concern [1]. Neurocognition Deployment
Health Study and VA cooperative Studies Program data indicate post-deployment stressors
linked to mental problems and that post-deployment social support reduced the risk of
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mental problems in OEF and OIF veterans [2]. Veterans from the Persian Gulf War showed
Gulf War illness (GWI) associated with neuropsychiatric, brain, and immune system
abnormalities [3]. Various stress conditions are known to exacerbate the severity of
inflammatory diseases. Therefore, there is an urgent need to identify and treat psychological
stress in the active war-zone military personnel, veterans, and their family members to
prevent the onset and progression of irreversible neuroinflammatory diseases including
Alzheimer’s disease (AD) in later life.

TBI is an injury from outside force to the head that causes alteration or loss of consciousness
[4]. TBI is a significant health problem in military personnel and civilians since this can
cause long-term neuropsychiatric and dementia-associated problems [5, 6]. About 1.7
million TBI incidents are reported annually in the USA [7]. Several previous studies have
shown that blast exposure and TBI are the risk factors for the pathogenesis of
neuroinflammatory diseases including traumatic encephalopathy and AD [8-10]. AD is a
progressive neuroinflammatory and neurodegenerative disease associated with cognitive
dysfunction, synaptic loss, increased intracellular neurofibrillary tangles (NFTs), and
extracellular amyloid plaques (APs) in the brain. About 5.8 million Americans are currently
living with AD, and this number will increase to about 14 million by 2050 (Alzheimer’s
Association, Chicago, IL; alz.org). Interestingly about two-thirds of Americans with AD are
women. Aged African-Americans are more susceptible to have AD or other dementias than
aged whites (Alzheimer’s Association, Chicago, IL). Currently, there is no effective
prevention strategy or therapeutic option for AD [11]. A recent report indicates about 40%
blunt injury and 37% explosive injury in 156 TBI patients from OEF [6]. Over the last two
decades, blast injury due to war is the leading cause of about 383,000 TBIs. Severe TBI may
cause long term disabilities, including cognitive impairment, stroke, posttraumatic epilepsy,
psychological illness such as stress, neuroinflammation, and neurodegenerative diseases [6].
One study investigated whether psychological distress (PTSD, depressive, and anxiety
disorders) impacted communication of 228 male service members from the Irag and
Afghanistan wars in one year with their non-deployed female partners. This study concluded
that the psychological stress in service members affected the interactions with their intimate
partners that indicated the significance of treating such psychological stress in the service
members [12].

Chronic pain is a common problem in both male and female Iraq as well as Afghanistan
period veterans that causes stress and affects the quality of life. In general, women veterans
report high pain scores. Iraq and Afghanistan era women veterans increasingly using
Veterans Affairs (VA) health care system as well as civilian female populations are at higher
risk for chronic pain disorders [13]. Chronic pain and chronic headache are important
contributors to psychological stress [7, 14]. AD patients show chronic pain that associate
with the extent of cognitive decline. Recent study links chronic pain and AD and that pain
can accelerate AD pathogenesis [15]. Exposure of soldiers to extreme heat or cold during
deployment also causes stress. During 2014-2018, about 325-heat illnesses were reported in
the service members of Iraq and Afghanistan, indicating environmental stressors. One study
report that veterans (Swedish) deployed in OEF show increased incidence of divorce and
reduced rate of marry again after the deployment period when compared to the individuals
that were not deployed indicating psychological stress [16]. The elevated suicide rate was
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reported in the TBI population [17]. The suicidal rate in active-service members in the US
military has significantly increased after 2004. The suicide rate also increased during the
Afghanistan and Iraq wars, and the range was 29.7/100,000 in 2012 and 20.2-29.7/100,000
from 2008 to 2019 [18]. War zone stressors include personal threat conditions (injured in
combat, attacked, surrounded or ambushed by enemies), witnessing situations (seen,
processed, transported dead bodies or parts of dead bodies, informed or seen someone
critically injured or killed, seen brutality on civilians, captured enemies or prisoners
civilians) and moral challenges (seen morally reprehensible occurrences). Adverse
childhood emotional and behavioral changes were associated with paternal PTSD due to
deployment in Irag and Afghanistan [19]. Afghanistan war deployment significantly
increased mental disorders in the Canadian Armed forces [20]. Our previous review articles
have reported how mast cell activation, chronic stress, and TBI can cause or exacerbate
immune response, neuroinflammation, and neurodegenerative diseases, including AD [21-
24]. However, still, there is no strong experimental and clinical evidence to prove this. The
present review article focusses on how psychological stress-mediated immune response in
the veterans and their close family members may contribute and accelerate the pathogenesis
of AD.

The information in this article was collected and interpreted from the published articles
between years 1985 to 2020 using the keywords stress, psychological stress, Afghanistan
war, Operation Enduring Freedom, Iraq war, Operation Iragi Freedom, traumatic brain
injury, mast cell and stress, stress and neuroimmune response, stress and Alzheimer’s
disease, traumatic brain injury and Alzheimer’s disease. The relevant articles were identified
for this study, and then the reference list in those papers was manually searched for
additional relevant articles related to this paper.

War Associated Stress, Immune Response, Neuroinflammation and Alzheimer’s Disease

Though stress reaction is a protective response of the body, too much and especially chronic
stress is harmful to the body. Stress induces chronic disease, and chronic disease can cause
psychological stress in a vicious fashion (Fig. 1). Immune system and stress are intertwined
even in the brain. Stress can generate amyloid precursor protein (APP), increase beta-
amyloid (AB) peptide, APs, and NFTs formation that are relevant to the pathogenesis of AD
[22]. Veterans and their family members are under enormous psychological stress due to
various war-related activities, including TBI, disabilities, fear, new environmental
conditions, lack of normal life activities, lack of communication, explosions, noise, and
health hazards. OEF, OIF, and Servicemembers also experience family stressors that
contribute to PTSD during deployment [25]. The extent of combat exposure and Gulf War
IlIness can increase the risk for AD [26]. However, the long-term effect of combat exposure
on AD is not clearly known. Alhough several studies link stress and AD, the exact
mechanisms involved in this are not clearly known, especially the role of the stress hormone
cortisol. A recent preliminary study indicated no link to increased chronic traumatic
encephalopathy severity and AD characteristics with the military service [27]. Therefore,
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clearly, more clinical and experimental research evidence is needed on the relationship
between stress and AD pathogenesis [28].

Stress and inflammation are the main pathologic factors in many diseases [22, 29].
Bidirectional communication of microglia and mast cells in the hypothalamus and amygdala
may mediate stress-induced inflammation, as shown in Fig. 1 [22, 30]. Histamine from
activated mast cells in stress and brain injury can induce headaches, migraine, and
upregulate neuroinflammation [31, 32]. Excessive immune response in the brain causes
neuroinflammation and that immunotherapy may be useful for neurodegenerative diseases
[33]. Neuroinflammation due to glia and immune cell activation is a clear risk factor for
neurodegenerative diseases [34, 35]. Neuroinflammation is characterized by the presence of
elevated levels of inflammatory cytokines, chemokines and other neurotoxic mediators in the
central nervous system (CNS) that may cause neurodegenerative diseases such as AD.
Neuroinflammation may be due to CNS damage or neurodegeneration. Mast cells play an
important role in neuroinflammatory conditions by secreting several proinflammatory
mediators that activate glial cells, neurons, and increase the permeability of the blood-brain
barrier (BBB) [36-42]. Previous reports indicate that mast cells are implicated in AD [36,
40, 43-45]. Neuroinflammation may also occur due to systemic infection and environmental
stressors through the hypothalamic pituitary adrenal (HPA) axis [46]. Exposure to stressors
such as traumatic events in the veterans can increase immune reactivity to subsequent
stressors called stress sensitization [47]. This stress sensitization causes the development of
PTSD. Soldiers with high combat stress and increased innate cytokine production show
increased PTSD symptoms. Thus, detecting and normalizing immune activation due to stress
can prevent the progression of PTSD severity after the deployment period [47]. Dutch
military personnel deployed to a combat-area showed increased cytokine release from T-
cells until at least six months after return, and this could contribute to the depressive
symptoms [48]. PTSD is a risk factor for late-onset dementia, and dementia is the risk factor
for delayed-onset PTSD in veterans and civilians [49]. In fact, veterans affected with PTSD
show higher risk (twice) for dementia and AD than veterans without PTSD [50]. Stress is
known to reduce brain-derived neurotrophic factor (BDNF) in animals, and patients with
depressive symptoms are predisposed to AD pathogenesis. AD patients show a decreased
level of BDNF [51]. PTSD-like condition increased ABlevel and activated stress response-
associated corticotropin-releasing factor (CRF) neurons in the AD animal model [52]. Loss
of Formin 2 (Fmn2) in PTSD like conditions leads to memory dysfunction [53]. These
findings provide a novel mechanistic insight that might play a significant role in stress-
induced neuroinflammation, neurodegeneration that may lead to AD.

As early as in May 2012, a meeting was organized by Alzheimer’s Association and the
Veterans Health Research Institute (NCIRE) with specialists from the US military to
brainstorm the hypothesis linking TBI, PTSD, and AD [4]. TBI and PTSD are considered
“invisible wounds” and “signature injuries” of 215t-century wars [4]. Veterans returning from
recent OEF, OIF, and OND show co-occurrence of blast-related mild TBI (mTBI) and PTSD
[54]. TBI mediated cognitive disorders can be active chronically for many years after the
original injury [55]. Mild cognitive impairment (MCI) can progress into AD [56]. The
mechanism of cognitive decline in the military personnel with stress and TBI is not clearly
understood. Both physical and psychologic chronic stress during extensive military training

Clin Ther. Author manuscript; available in PMC 2020 June 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kempuraj et al.

Page 6

can be a risk factor for accelerated cognitive decline or behavioral abnormalities or early-
onset dementia (EOD) [9]. Similarly, chronic stress and TBI is a risk factor for EOD/
cognitive decline in civilians [9]. More effective body protection systems in the recent wars
prevent or reduce mortality but may increase long-term disabilities associated with
neurologic and psychiatric disorders, including neuroinflammation, cortical lesions, and
suicidal tendencies in OEF/OIF/OND veterans [9]. This study reports that chronic stress is
clearly a risk factor for developing AD and dementia [9, 57, 58]. TBI, with or without
PTSD, can increase tau deposition in the brain in the veterans [59]. PTSD and TBI are
strongly associated with neurocognitive dysfunction in OIF veterans [60]. Even childhood
stress can cause late-life dementia indicating stress can affect even in late-life, especially
during age-dependent dementia and AD [61]. A study with 160 OEF and OIF war veterans
with mTBI indicates the association of TBI with decreased cortical thickness in AD specific
areas [55]. Both TBI and PTSD increase cognitive decline and increase AD-associated A
deposition in different pathways in the veterans [62]. Imaging analysis and biomarkers
analysis were used to analyze the link between TBI/PTSD and AD risk in the veterans [63].
It is known that the presence of APOE &4 is a significant risk factor for AD. Additionally,
the presence of APOE e4 causes poor prognosis indicating a risk factor for AD [4, 64]. TBI,
due to close range blast exposure, causes white matter abnormalities in Apolipoprotein
(APOE) €4 carriers. However, the mechanisms involved in this are not yet understood.
Psychiatric problems such as anxiety and irritability are associated with increased AB
deposition leading to AD [65]. Chronic traumatic encephalopathy (CTE) is due to repetitive
TBI. CTE in the veterans shows accelerated AR deposition, severe pathology and worse
clinical outcome [66]. CTE also shows a massive deposition of phosphorylated tau in the
frontal cortex that is distinct from seen in AD [4]. CTE increases stress levels and further
increases the risk of AD in the veterans. Oxidative stress and inflammatory response induce
neurodegeneration, vascular vertigo, and BBB disruption through reactive oxygen species
(ROS) and other inflammatory mediators [67-69]. TBI leads neurovascular vertigo,
ischemia, neurodegeneration, dementia and AD pathogenesis [70, 71].

Delaying or Prevention of AD Risk

Though many studies show a link between TBI and PTSD with AD, some reports indicate
that TBI and PTSD is not a risk factor for AD based upon amyloid PET and suggest
additional mechanistic studies are needed to confirm this link [72]. Chronic stress is a
significant risk factor associated with AD pathogenesis [22, 51]. Stress reduction techniques
such as yoga and dietary supplements/natural compounds may help to decrease stress, mast
cell activation, neuroinflammation, and AD risk though the exact mechanism are not yet
clearly known [28, 73-75]. Individuals with high risk for AD may use natural food
supplements/nutraceuticals [76]. Thus, Veterans of OEF, OIF, and OND with high risk for
AD may use an acceptable dose of nutritional supplements to halt or prevent AD in later life.
However, it is not clearly known whether they are safe and effective for chronic diseases
[77]. Natural compounds Luteolin with Ashwagandha may be useful to treat the diseases
associated with stress and inflammation [30]. A combination of polyphenols instead of
single polyphenol, may be more beneficial. Some natural plant hormones, such as
Brassinosteroids, provide resistance and protect plants from biotic and abiotic stress
conditions [78]. These plant hormones may use useful to reduce stress response in humans.
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Plant Ocimum sanctum leaf extract show stress relieving and anti-depressant effects,
neuroprotection and enhance cognitive functions in animals and humans [79-82]. Yoga may
be useful to reduce the severity of stress and ultimately prevent or postpone AD
pathogenesis. One study reported that yoga intervention effectively suppressed PTSD
symptoms in OEF, OIF, and OND veterans [83].

Conclusions

War can cause TBI and PTSD that can induce severe psychological stress in the military
personnel, veterans, and family members. Stress can cause excessive and abnormal
neuroimmune response leading to neuroinflammation, neurodegeneration, dementia, and
mental illness. Excessive stress is harmful and can generate AD pathogenesis specific NFTs,
tau phosphorylation, and APs in the brain. Stress and TBI can accelerate and shorten the
duration required for the pathogenesis of AD. The fact that psychological stress can
accelerate the development of AD should be recognized, and more research efforts will
enable us to decipher the precise underlying novel molecular and cellular mechanisms.
Extended social, family, economic, medical, and psychiatric support may reduce stress and
AD risk in our veterans. Active military personnel in the war zone, veterans, and their family
members should be evaluated for stressors to prevent or delay the onset, progression, and the
severity of neurodegenerative diseases, including AD. We conclude that significantly
increased number of veterans with TBI and stress may develop AD in their late lives if there
is no appropriate therapeutic intervention available.
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Figurel.
We present a schematic diagram showing war associated stress, immune response, and AD

in the veterans. War associated disabilities, TBI, PTSD, and pain cause stress-mediated
neuroimmune response. The excessive neuroimmune response causes the activation of
immune and inflammatory cells, including microglia, astrocytes, neurons, mast cells, and T-
cells in the brain and immune cells in the peripheral organs. Excessive immune activation
leads to BBB dysfunction, neuroinflammation, and neurodegeneration. Neuroinflammation
further induces cognitive impairments and neurodegenerative diseases such as AD several
years after in the veterans and their family members. Stress reduction procedures such as
with dietary supplements in active duty members, veterans, and their family members may
be useful to prevent the risk of onset and progression of neurodegenerative diseases in these
populations. AB = beta amyloid; APs = amyloid plaques; APP = amyloid precursor protein;
IL = interleukin; NFTs = neurofibrillary tangles; PAR-2 = proteinase-activated receptor-2;
ROS = reactive oxygen species; TBF - tumor necrosis factor.
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