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ABSTRACT

Stroke is a major cause of mortality and disability globally that has multiple risk factors. A risk factor that has recently gained more attention is post-traumatic stress

disorder (PTSD).

Literature searches were carried out for updated PTSD information and for the relationship between PTSD and stroke. The review was divided into two sections,
one exploring PTSD as an independent risk factor for stroke, with a second concentrating on PTSD’s influence on stroke risk factors.

The study presents accumulating evidence that shows traumatic stress predicts stroke and is also linked to many major stroke risk factors.

The review contributes knowledge to stroke aetiology and acts as a reference for understanding the relationship between PTSD and stroke.

The information presented indicates that screening and identification of traumatic experience would be beneficial for directing stroke patients to appropriate
psychological and lifestyle interventions. In doing so, the burden of stroke may be reduced worldwide.

1. Introduction

Stroke is a leading cause of mortality and disability worldwide
(Katan and Luft, 2018). The most common forms of stroke are ischemic
and hemorrhagic, which account for 11.8% of deaths worldwide (Feigin
etal., 2014). The World Health Organization classifies stroke as “rapidly
developing clinical signs of focal (or global) disturbance of cerebral
function ...” (WHO MONICA Project Investigators, 1988). Stroke has
multiple well-described risk factors with new factors investigated
regularly. A risk factor that has recently gained more attention is
post-traumatic stress disorder (PTSD). Increasingly, PTSD is recognized
as an independent predictor of stroke and is also associated with the
development of stroke risk factors. Previous reviews have focused on the
relationship between PTSD and cardiovascular disease (CVD), which
shares many risk factors with stroke. Moreover, elements of CVD such as
low ejection fraction, wall motion abnormalities and myocardial
infarction (MI) are risk factors for stroke (Loh et al., 1997; Perkins et al.,
2020, 2021). Several reviews have investigated post-stroke PTSD (Gar-
ton et al., 2017), however, few studies have specifically explored PTSD
as a risk factor for stroke.

The aims of this review are to summarize the literature regarding the

independent influence of PTSD on stroke and to synthesize what is
known about how the disorder may indirectly influence stroke through
stroke risk factors. It is anticipated that by collating this information
here, greater understanding of how PTSD predicts stroke and its risk
factors will be gained by physicians and other health workers involved
with stroke. In doing so it is hoped that where necessary, patients will be
more readily directed to appropriate psychological and lifestyle in-
terventions for stroke health promotion. In addition, this review aims to
highlight some of the gaps in the literature that require further
investigation.

2. Methods

Two searches were carried out. The first explored the literature
regarding PTSD as an independent risk factor for stroke (Section A
below). In PubMed, PsycINFO and Google Scholar the terms ‘PTSD’,
‘post-traumatic stress’ ‘trauma’ and ‘traumatic stress’ in conjunction
with ‘stroke’, ‘cerebrovascular’ ‘CBVD’, ‘ischemic’, ‘hemorrhagic’,
‘subarachnoid’, ‘intracerebral’, ‘TIA’ and ‘transient ischemic’ were
searched. Secondly, stroke risk factors were identified in the absence of
post-traumatic stress symptoms using the same search engines and then
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each factor was explored independently in relation to PTSD (presented
in Section B). The search terms ‘PTSD’, ‘post-traumatic stress’ ‘trauma’
and ‘traumatic stress’ were searched for in conjunction with the term(s)
most suited for each risk factor, e.g. ‘HBP’ ‘hypertension’, ‘high blood
pressure’, and ‘HTN’ (for hypertension). Risk fell into three categories:
1) physiological, (including common disorders and disease), 2) sub-
stance abuse (including alcohol and tobacco use) and 3) psychosocial
(comprising of other mental health problems and exercise behaviour).
The risk factors identified as most significant for this review were; hy-
pertension, diabetes mellitus, obesity, dyslipidemia, inflammation,
heart arrhythmias, other psychopathology, smoking, alcohol use and
physical inactivity (Ridker et al., 2017; Boehme et al., 2017; O’Donnell
et al., 2010). Databases were searched from 1980 until the present. The
bibliographies of recovered articles were also manually searched and
relevant articles extracted. Studies were limited to English with
peer-reviewed articles, books/book chapters, working papers, and dis-
cussion papers included. Excluded were editorials, letters to editors,
opinion pieces, case reports, dissertations and literature that was not
relevant to PTSD, stroke, or stroke risk factors. Due to the continued
evolution of the PTSD construct, the different methods used to assess the
condition and the limited direct research between PTSD, stroke and
some stroke risk factors, formal meta- or systematic analytic methods
were not used in this review. Instead, a synthesis of the relevant,
representative, and evidence-based literature is presented.

3. Overview of post-traumatic stress disorder

PTSD is a debilitating mental health condition that can occur
following exposure to a life-threatening or traumatic event. In the latest
Diagnostic and Statistical Manual of Mental Disorders (DSM-V) (Amer-
ican Psychiatric Association, 2013), PTSD has been re-categorized as a
“trauma and stressor-related disorder” distinct from other anxiety
spectrum syndromes. The categorization change reflects the observation
that non-anxiety based presentations are common in PTSD, such as
shame, aggression or guilt (Pai et al., 2017). To be diagnosed with PTSD,
the presence of a traumatic stressor is required (American Psychiatric
Association, 2013). However, considerable debate remains regarding
this prerequisite as PTSD can develop following accumulative exposure
to traumatic stressors (particularly in childhood), as well as, single
major events (Giourou et al., 2018). The presence of four other symptom
clusters is additionally part of a PTSD diagnosis (American Psychiatric
Association, 2013; Sareen, 2014): [1] re-experiencing, which involves
enduring traumatic memories/images or nightmares that may elicit
similar physiological and psychological responses as the original event;
[2] avoidance, comprising of attempts to isolate oneself from people/-
places/situations that act as reminders of an event (American Psychi-
atric Association, 2013); [3] negative changes in cognition and mood,
which can result in memory problems, anhedonia or dysphoria
(Asmundson et al., 2004); and [4] alterations in arousal and reactivity
including changes in startle response, anger/aggression and sleep
disturbance (Sareen, 2014; Bremner, 2006). To be diagnosed with PTSD,
symptoms must be present for one month and impair social or occupa-
tional activities (American Psychiatric Association, 2013). PTSD typi-
cally abates within one to three months; however, a subgroup of people
will have persistent symptoms for which the lifetime prevalence is
estimated at 7%-8% (Kessler et al., 2005). The usual course of traumatic
stress involves presentation immediately post-event. Nonetheless, it is
not unusual for symptoms to appear up to six months later (classed as
delayed-onset PTSD) (Smid et al., 2009).

There are direct behavioural outcomes of PTSD that elevate stroke
risk. Trauma affected individuals are less likely to adhere to medications
independent of other psychopathology and health conditions (Kronish
et al., 2014). Sleep problems have been suggested as supporting the
development and maintenance of traumatic experience and people with
PTSD are often disturbed by nightmares, sleep apnoea and insomnia
(Williams et al., 2015; Spoormaker and Montgomery, 2008). Food habits

Neurobiology of Stress 14 (2021) 100332

also change in PTSD patients who are more prone to unhealthy eating
through greater consumption of fast food and sugary drinks, as well as
being more likely to have an eating disorder such as; anorexia, bulimia
or food binging (Hirth et al., 2011; Brewerton, 2007).

Sustained traumatic stress alters brain morphology and function. For
example, the amygdala may become hyper-responsive at the same time
as medial prefrontal cortex activity decreases (van Marle et al., 2010;
Shin et al., 2006). A more recent meta-analysis including 44 articles,
highlighted reduced volume in bilateral anterior cingulate cortex and
hippocampus (particularly the left side) (O'Doherty et al., 2015), with
similar reductions in amygdala volume also commonly reported (Shin
et al., 2006). fMRI studies reveal neural correlates of PTSD sympto-
mology, for instance, re-experiencing initiates activity changes in the
right anterior insula and right rostral anterior cingulate cortex (Hopper
et al.,, 2007; Etkin and Wager, 2007). Diffusion tensor imaging has
identified changes in white matter under the left dorsolateral prefrontal
cortex and forceps major in PTSD patients compared to traumatized but
non-PTSD controls (Li et al., 2016). Alterations in neurotransmitters are
also documented with the most widespread being increased dopamine
and noradrenaline, with depleted levels of serotonin and GABA (Sherin
and Nemeroff, 2011). As would be expected given the neurological ef-
fects, individuals with PTSD present with a number neuropsychological
impairments across multiple domains such as; verbal learning, working
and verbal memory, speed of information processing and attention,
(Scott et al., 2015).

4. Post-traumatic stress as a risk factor for stroke (Section A)

Over the last six years, evidence has begun to emerge that identifies
PTSD as an independent risk factor for stroke (Edmondson and von
Kanel, 2017). Studies using large samples, followed over many years,
show associations between PTSD and stroke whilst controlling for select
stroke risk factors.

A prospective study including 5217 people from the Taiwan National
Health Insurance Research Database, showed over a three-fold increase
in ischemic stroke in people with PTSD (Chen et al., 2015). Importantly,
this association was found after controlling for depression and other
major medical risk factors including hypertension, dyslipidemia, and
diabetes. A further finding was that strokes occurred at a significantly
younger age in the traumatized group (55.9 vs. 63.0 years). A more
recent study with over one million young and middle-aged persons
showed that PTSD was associated in univariate analysis with an increase
in ischemic strokes (HR = 1.92, 95% CI, 1.74-2.12) and transient
ischemic attacks (TIA) (HR = 2.29, 95% CI, 1.83-2.87). These findings
remained significant in a fully adjusted model, including psychiatric
comorbidities, lifestyle and stroke risk factors. PTSD participants were
61% more at risk of incident TIA and 36% of ischemic stroke (Rosman
et al., 2019a). Participants in this study were young (average 30 years)
and ex-military trained in coping with traumatic and stressful events.
The same researchers in a different work demonstrated that PTSD pre-
dicts haemorrhagic stroke after adjusting for lifestyle and stroke risk
factors (HR = 1.32, 95% CI, 1.06-1.66) but not after the addition of
psychiatric comorbidities (Gaffey et al., 2021). However, it is not just
young PTSD affected service personnel that experience increased stroke
risk. In a cohort of older veterans with a mean age of 68 years, ex-service
men and women with PTSD were 45% more likely to have cerebrovas-
cular disease in fully adjusted models controlling for medical, psychi-
atric and substance abuse comorbidities (Beristianos et al., 2016). Data
from other trained professionals show similar associations. Using a
subsample of the Nurses’ Health Study II (NHSII) (49,978 individuals),
investigators report a 30% increase in a composite of stroke, TIA and MI
in nurses with severe PTSD (4+ symptoms) and a 64% increase in stroke
(Sumner et al., 2015). A different paper, also using the NHSII dataset,
described a dosing effect whereby the greater the number and duration
of PTSD symptoms experienced, the higher the incidence of stroke
events (276 cases) (Gilsanz et al., 2017). In first responders involved in
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removing rubble after the World Trade Centre (WTC) attacks in New
York (2001), those with PTSD showed a two and a half fold increase in
the incidence of stroke at four years follow-up (aHR = 2.51, 95% CI
1.39-4.57) (Remch et al., 2018). Comparable findings are reported in
civilians who witnessed the WTC attacks. Using the WTC Health Registry
with 42,527 respondents, Yu and colleagues (2018) showed that PTSD
affected survivors/witnesses had increased incidence of stroke
compared to the non-PTSD cohort (aHR 1.69, 95% CI, 1.42-2.02). In a
study of residents affected by the Great East Japan Earthquake, 2011, six
months post-event, strokes were statistically higher in those with PTSD
(17.6% vs. 14.1%, p = 0.04) (Onose et al., 2015). Furthermore, during a
median follow-up of 2 years, survival analysis showed PTSD sufferers
were at increased risk of being hospitalized by an amalgam of stroke,
acute MI and heart failure (aHR 1.26, 95% CI, 1.02-1.57). This finding
in civilians is further supported via meta-analysis. A large investigation
with a pooled cohort of over two million individuals reported that
people with anxiety were 71% more likely to have stroke (Emdin et al.,
2016). Of more significance to this work was the finding that PTSD was
the anxiety subtype most strongly associated with stroke.

Not all large studies show that PTSD predicts stroke. In an analysis of
World War II prisoners of war (POWs), no difference was found in stroke
incidence between POWSs with PTSD and those without (OR = 1.15, 95%
CI, 0.95-1.38). Moreover, the incidence of stroke was lower in POWs
with PTSD compared to non-POWs (OR = 0.79, 95% CI, 0.66-0.96)
(Kang et al., 2006). This finding was despite increases in stroke risk
factors like hypertension and worse cardiovascular outcomes such as
chronic heart disorder.

A question of interest is whether sex differences exist in research
citing PTSD as independently associated with stroke. There is little data
regarding this topic and available literature is contradictory. In general,
stoke is more prevalent in men by a ratio of 1.41 although this number is
moderated by age (Haast et al., 2012). However, in the study by Remch
and colleagues (2018), females with PTSD were more likely to have
stroke than males with PTSD (OR = 2.44, 95% CI, 1.05-5.55). In the East
Japanese Earthquake data, no statistically significant differences were
found in endpoint between sexes but women presented with greater
incidence of PTSD (Onose et al., 2015). In contrast, Rosman et al.
(2019a) report a reduced stroke rate in PTSD affected females compared
to their male counterparts (OR = 0.63, 95% CI, 0.47-0.86). This suggests
the consistently reported higher PTSD levels found in women in the
general PTSD literature, do not correspond to increased stroke in this
group (Tolin and Foa, 2006).

Of similar interest is the role of race (and genetic background) in the
outcome of stroke in PTSD patients. Direct comparisons are limited,
however, in studies where ethnicity is presented, blacks with PTSD have
been shown to be 21% more likely to experience ischemic stroke and
PTSD afflicted Hispanics show a 49% rise in hemorrhagic stroke (Ros-
man et al., 2019a; Gaffey et al., 2021). Added to this the prevalence of
stroke (ischemic and TIA) in PTSD afflicted whites, blacks and Hispanics
was 0.35%, 0.50% and 0.29% respectively. In comparison the percent-
age of all strokes in PTSD affected Koreans was 2.1% suggesting large
differences between race and ethnicity (Chen et al., 2015).

Several issues remain regarding PTSD as an independent risk factor
in these studies. The use of homogenous groups such as trained military
personal or nurses may obscure the true extent of PTSD related stroke in
the general population. In the data presented in this section, the highest
hazard ratio reported was in civilians (3.37) (Chen et al., 2015) lending
support to this idea which requires further investigation. Lack of con-
sistency in risk factor measurement and differences in those that are
modeled as confounding variables, may also limit the extent to which we
can conclude PTSD is an independent risk factor for stroke. Furthermore,
causality is inferred through association rather than direct testing in
these works.

Nevertheless, the evidence presented in this section suggests a causal
role for PTSD in stroke (see Table 1) and leads to questions regarding the
mechanisms through which this occurs in the absence of established
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Table 1
Summary of papers showing an association between PTSD and stroke.
Article N Study Adjusted models” Result (95% CI)
period

Chen et al., 5217 9 years HTN, DM, DYS, RD, aHR 3.37
2015 CP, DP (2.44-4.67)

(Rosman et al., 987,855 13 years OB, ALC, TOB, aHR, 1.36
2019a) HTN, DM, DYS, DP, (1.22-1.52)"

AX, CP

(Rosman et al., 987,855 13 years OB, ALC, TOB, aHR, 1.61

2019a) HTN, DM, DYS, DP, (1.27-2.04)°
AX, CP

(Gaffey et al., 1,063,973 13 years OB, ALC, TOB, aHR 1.32
2021) HTN, DM, DYS (1.06—1.66)‘1

Beristianos 138,341 11 years HTN, DM, RD, DP, aHR 1.45
et al., 2016 AX, ALC, TOB (1.33-1.58)

Sumner et al., 49,978 20 years BMI, ALC, TOB, aHR 1.30
2015 HTN, DM, PA (0.97-1.74)

Remch et al., 6481 4 years HTN, DYS, BMI, aHR 2.51
2018 TOB (1.39-4.57)

(Yuet al., 42,527 10 years HTN, DM, TOB aHR 1.69
2018) (1.42-2.02)

Onose et al., 3620 2 years HTN, DM, DYS, aHR 1.26
2015 BMI, CP (1.02-1.57)°

Note. HTN = hypertension, DM = diabetes mellitus, DYS = dyslipidemia, RD =
renal disease, CP = cardiac pathology, DP = depression, AX = anxiety, ALC =
alcohol, TOB = tobacco, BMI = body mass index, PA = physical activity.

@ All models include age and sex with selected confounders shown.

" Ischemic stroke.

¢ transient ischemic attack.

4 hemorrhagic stroke.

¢ A composite of all-cause mortality and hospitalization for stroke and CVD.

stroke risk factors (discussed in Section B). Whilst the possibility of
unidentified pathways to stroke remain, the majority of research on
neurobiological mechanisms in PTSD and stroke are concentrated on the
state of hyperarousal PTSD elicits though hyperactivation of the
hypothalamic-pituitary-adrenal (HPA) and the sympathetic-adreno-
medullar (SAM) axes (Sherin and Nemeroff, 2011). These mechanisms
are extensively described elsewhere but in terms of stroke, basal changes
in HPA and SAM products, such as, catecholamines (e.g. adrenaline and
noradrenaline) and the glucocorticoid cortisol are of central importance
(McEwen, 1998; Bedi and Arora, 2007). Whilst catecholamines are
generally elevated in PTSD patients, basal cortisol is low but expressed
in large quantities in response to stressful stimuli (Yehuda et al., 2000).
Catecholamines and glucocorticoids may directly increase stroke risk in
the acute phase of a PTSD response primarily through; increased blood
pressure, heightened platelet aggregation, vasoconstriction, cardiac ar-
rhythmias, elevated heart rate and increased cardiac output (Bedi and
Arora, 2007; Christ et al., 2014; Tank and Lee Wong, 2015). Perhaps of
greater significance (certainly for ischemic stroke) is increased hyper-
coagulability whereby greater levels of plasma procoagulants such as
von Willebrand factor and factor VIII are expressed in response to PTSD
hormones, suggesting one biological pathway through which PTSD
initiates thrombotic events (Edmondson and von Kéanel, 2017; von Kanel
et al., 2006).

A question rarely addressed in the literature is whether biological
PTSD responses such as those described above, can cause immediate
stroke events in the same way as Takotsubo cardiomyopathy or sudden
cardiac death can happen in response to traumatic or stressful stimuli
(Dawson, 2018; Leor et al., 1996). The increased incidence of stroke
soon after major disasters suggests this is plausible (Onose et al., 2015),
however, most of the literature indicates PTSD influences stroke through
the effects of PTSD hormone exposure overtime. Some of the relevant
biological processes influenced by long-term exposure to HPA and SAM
hormones are: vascular reactivity, endothelial function, insulin resis-
tance, coronary artery calcium, and sodium reabsorption (Toda and
Nakanishi-Toda, 2011; Yang and Zhang, 2004; Hunter et al., 2014; Lee
etal., 2014; Gibson et al., 2014). Endothelial dysfunction is a process of
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particular significance for stroke and has been reported in PTSD affected
US veterans after adjusting for comorbidities and medical treatments
(Grenon et al., 2016). Functioning endothelium is essential in regulating
blood flow and pressure as well as controlling vasospasm (Cosentino
et al.,, 2001). The action of glucocorticoids is central to these mecha-
nisms via the suppression of vasodilator production such as nitric oxide
(Yang and Zhang, 2004). Interestingly depleted nitric oxide is also a
hallmark of atherosclerosis and potentially another way PTSD influences
stroke (Gimbrone and Garcia-Cardena, 2016). Abnormal cortisol also
accelerates cellular ageing through the process of telomere shortening
(Roberts et al., 2017; Tomiyama et al., 2012). Telomere shortening is
linked to atherosclerosis (Spigoni et al., 2016) and a recent
meta-analysis (based on 11 studies), directly related nucleotide erosion
to an increased risk of stroke (OR = 1.50, 95% CI, 1.13-2.0) (Jin et al.,
2018).

Section A summarizes the literature regarding direct links between
PTSD and stroke. In addition, it presents prominent biological mecha-
nisms that may account for these links. However, PTSD is associated
with other health conditions many of which are risk factors for cere-
brovascular disease. It is through the establishment of these factors, that
PTSD may indirectly influence stroke. In Section B of this review, the
literature regarding PTSD and stroke risk factors is discussed.

5. Associations between PTSD and stroke risk factors (Section B)
5.1. Physiological

5.1.1. Hypertension

Hypertension (HTN) is the most important risk factor associated with
stroke (Dahlof, 2007). Across all age groups, high systolic and diastolic
blood pressure independently predicts ischemic stroke, hemorrhagic
stroke and mortality (Staessen et al., 2003). Because of the strong as-
sociation between HTN and cerebrovascular incidence, high blood
pressure has become a major treatment target for stroke prevention
(Grassi et al., 2009). HTN leads to arterial hardening and a number of
significant structural changes in the microvasculature, such as reduced
arterioles and capillaries, as well as hypertrophy and fibrosis of the heart
(Diez, 2007; Mayet and Hughes, 2003).

The link between HTN and PTSD is well established (Burg et al.,
2017; Sumner et al., 2016) and the increased mortality evident in
traumatized individuals has been attributed to hypertension (McFar-
lane, 2010). In a study of over 300,000 combat veterans, females and
males with PTSD were three times more likely to have HTN than those
without the disorder (Cohen et al., 2009). Similar results are reported in
civilians where the chances of HTN are 20-60% greater for PTSD pa-
tients than unexposed individuals (Sumner et al., 2016; Kibler et al.,
2009). Different pathways have been suggested as potential contributors
to HTN in PTSD. Accumulated data show that sustained sympathetic
nerve activation plays an undesirable role in the development and
maintenance of hypertensive states (Grassi et al., 2010). Elevated heart
rates, whilst not necessarily resulting in HTN, have been cited as sig-
nificant in the development of high blood pressure when increases are
persistent (Ferrieres and Ruidavets, 1999). Buckley and Kaloupek
(2001), conducted a meta-analysis based on 34 studies (n = 2670) and
found that resting heart rates are faster in PTSD sufferers in comparison
to both trauma-exposed individuals without the disorder and
non-exposed people. Another mechanism through which HTN may be
established in PTSD patients is the renin-angiotensin system (RAS)
(Lavoie and Sigmund, 2003). The RAS is critical to the homeostasis of
electrolytes, extracellular fluid and the regulation of blood pressure
(Coble et al., 2014). However, concentrations of renin and angiotensin
are elevated as a consequence of sympathetic system dysfunction in
PTSD, leading to a corresponding increase in hypertension (Brudey
etal., 2015). The RAS also promotes arginine vasopressin expression, an
arterial vasoconstrictor that is another mechanism through which HTN
may be established in PTSD patients (Matsukawa and Miyamoto, 2010).
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Interestingly, anti-HTN medications that target the RAS have been found
to reduce post-traumatic stress symptoms (Khoury et al., 2012; Nylocks
et al., 2015). Hypertensive PTSD patients may also develop altered
baroceptor reflex sensitivity (BRS). BRS initiates an efferent response
from the midbrain leading to the increased heart rate and vasodilation
integral to the short-term regulation of blood pressure (Chesterton et al.,
2005). A study by Park et al. (2017), showed that sympathetic and
cardiac BRS is decreased at rest in PTSD afflicted ex-military personnel
and furthermore, is reduced when engaging in stressful simulations
(virtual reality combat). The implications of such studies are that
long-time exposure to PTSD modifies BRS functionality, resulting in
increased sympathetic nervous system hyperactivity and elevated blood
pressure (Silva and Katayama, 2017).

5.1.2. Diabetes mellitus

Stroke is strongly affiliated with diabetes (DM) and is one of the
leading causes of mortality and morbidity in diabetic individuals (Bae-
na-Diez et al., 2016). Ischemic strokes are more common than hemor-
rhagic strokes in DM. A meta-analysis based on 102 studies, showed
adjusted HRs for diabetes with ischemic stroke of 2.27 (95% CI,
1.95-2.65) compared to 1.56 (95% CI, 1.19-2.05) for hemorrhagic
stroke (The Emerging Risk Factors Collaboration, 2010). Similar ranges
are reported elsewhere (Chen et al., 2016). Type 2 diabetes (T2DM) is by
far the most extensive form of DM in stroke patients, however, type 1
diabetes carries greater stroke risk (Ergul et al., 2012).

DM, and in particular T2DM, is common in PTSD (Huang et al.,
2015). A recent meta-analysis and systematic review reported that 10%
of traumatized individuals develop T2DM (Vancampfort et al., 2016). In
military personnel, the figures are higher with PTSD affected individuals
two times more likely to be diabetic than non-exposed people (Boyko
et al., 2010). In a self-report study with nearly 50,000 nurses, PTSD
predicted DM but in a dose-response manner whereby, increased PTSD
symptoms resulted in a greater incidence of DM (Roberts et al., 2015). In
a paper based on witnesses and survivors of the WTC attacks, those with
PTSD were more likely to be diabetic at nine-year follow-up than those
without the disorder (OR = 1.37, 95% CI, 1.23-1.52) (Miller-Archie
et al., 2014). Trauma in childhood appears to be especially influential
for the development of DM later in life. A study of over 20,000 in-
dividuals with a history of childhood sexual or physical abuse, reported
ORs for increased T2DM ranging from 1.8 (95% CI, 1.3-2.5) for phys-
ical, 2.2 (95% CI, 1.3-3.7) for sexual and 2.6 (95% CI, 1.4-4.9) for
co-occurring physical and sexual mistreatment (Shields et al., 2016).
The severity and frequency of abuse also moderated the incidence of
T2DM. However, not all studies support a causal link between PTSD and
T2DM. Scherrer et al. (2018), for example, found that adding obesity to
their model made the PTSD-T2DM link non-significant suggesting
obesity mediates DM in traumatized patients. Nonetheless, the weight of
evidence indicates that trauma can influence the onset and persistence
of DM although the mechanisms through which this occurs are not yet
fully clear. However, the development of hyperglycemia through the
actions of stress hormones has been described (Marik and Bellomo,
2013). There are also shared underlying pathologies between both dis-
orders, for instance, inflammatory markers are elevated in DM and
stroke (Boyko et al., 2010; Rodriguez-Yanez and Castillo, 2008) and
insulin resistance, a known precursor in DM development, is often
indicated in traumatized people (Blessing et al., 2017).

5.1.3. Dyslipidemia

Lipid abnormalities are a major concern for stroke (Yaghi and Elkind,
2015). As aresult, triglycerides and the low and high-density lipoprotein
cholesterols (LDL-C and HDL-C respectively) are an intervention target
for stroke prevention. Although some conflicting evidence exists
(Vergeer et al., 2010), a consistent finding is that high levels of LDL-C
are a risk factor for stroke, whereas, elevated HDL-C is protective
(Lindenstrgm et al., 1994). A large study with over 350,000 participants
showed that for every 1-mmol/L increase in total cholesterol, a
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correspond increase in ischemic stroke was found (HR = 1.25, 95% CI
1.13-1.40) (Asia Pacific Cohort Studies Collaboration, 2003). In addi-
tion, fasting triglycerides have been identified as carrying independent
risk for stroke in women (HR = 1.2, 95% CI 1.2-1.4) but not men,
highlighting how lipid profiles are different between sexes (Ebinger
et al., 2010). Dyslipidemia may influence stroke through its close asso-
ciation with atherosclerosis (Ference et al., 2017). LDL-C is retained in
the arterial wall initiating atherogenic inflammatory responses, before
being modified and becoming the foam cells integral to fatty streaks and
plaque development (Linton et al., 2019). Apolipoprotein E (ApoE) is
also related to dyslipidemia. ApoE is a protein that exists in different
isoforms and is involved in fat metabolism, cholesterol distribution and
the mediation of plasma lipoprotein clearance (Bell et al., 2012).
Different ApoE subtypes are associated with increased plasma levels of
triglycerides and LDL-C (Zhang et al., 2017) and have been related to
stoke (Khan et al., 2013; Zhao et al., 2017).

Dyslipidemia is a common PTSD comorbidity (Dennis et al., 2014a;
Solter et al., 2002). Stress-driven catecholamines and glucocorticoids
stimulate the release of fatty acids into the bloodstream to fuel ‘fight--
or-flight’ responses (Lee et al., 2014). Elevated serum lipids have been
identified in vocations where the chances of developing PTSD are high,
such as policing. Brazilian police officers with PTSD symptoms were
found to have elevated total cholesterol, LDL-C and triglycerides in
comparison to non-traumatized officers (Maia et al., 2008). This effect
remained for cholesterol and triglycerides after adjustment for
socio-demographics, body weight, smoking, drinking and other medi-
cations. Similar results are reported in combat veterans (Kagan et al.,
1999; Karlovic et al., 2004) and civilians (von Kanel et al., 2010).
Karlovi¢ et al. (2004), showed significant increases in LDL-C and tri-
glycerides, with accompanying decreases in HDL-C, for veterans with
PTSD versus controls and veterans with depression. Interestingly, von
Kanel et al. (2010), describe HDL-C concentrations as inversely related
to the PTSD symptoms, re-experiencing and avoidance, suggesting
specific aspects of traumatic experience have greater influence on
lipolysis than others. Overall, these studies indicate that people with
PTSD have depleted HDL-C at the same time as elevated LDL-C con-
centrations and suggest a mechanism through which stroke risk is
increased in traumatized individuals. Abnormal ApoE expression has
been linked with PTSD development and augmented symptomology
(Nielsen et al., 2019). Using the National Health and Resilience in Vet-
erans data, Mota et al. (2018) found carriers of the ApoE ¢4 allele variant
exhibit a dose-response relationship between cumulative trauma expo-
sure and PTSD symptom severity (F (range) = 2.53-8.09, p (all) < 0.01).
Meta-analysis also supports a role for ApoE €4 in trauma with gene
carriers shown to have an elevated risk of developing PTSD (Cohen’s d
= 0.28 (95% CI, 0.10-0.45) (Roby, 2017). Other ApoE variants relate
specifically to individual PTSD symptoms, for instance, the ApoE €2
allele has been associated with more severe re-experiencing (Freeman
et al., 2005). The precise mechanisms through which ApoE influences
trauma are still to be fully explained, however, the ApoE genotype has
been linked with changes in cortisol expression hinting at one possible
pathway (Lee et al., 2008).

5.1.4. Obesity

Obesity is strongly interrelated with DM, hypertension and dyslipi-
demia (Sowers, 1998) but is also an independent risk factor for stroke
(Suk et al., 2003). Being overweight is more related to ischemic than
hemorrhagic stroke. In a meta-analysis with a combined 2.25 million
subjects, the relative risk (RR) for ischemic stroke in obese people was
1.64 (95% CI, 1.36-1.99) compared to 1.24 (95% CI, 0.99-1.54) for
hemorrhagic stroke (Strazzullo et al., 2010). A paradox with obesity is
that it may reduce stroke mortality whilst increasing the chances of
readmission (Doehner et al., 2012; Andersen and Olsen, 2013), although
this remains debated (Kim et al., 2015). Obesity is measured in different
ways which are differentially related to stroke. Weight-to-hip ratio, for
instance, is widely used and is a good predictor of stroke as the measure
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relates to abdominal fat, an important marker for stroke (Bodenant
et al., 2011).

Weight gain in PTSD populations has been observed in multiple
studies (Das et al., 2005; LeardMann et al., 2015; Masodkar et al., 2016;
Suliman et al., 2016). In ex-combatants, the odds of a weight gain >10%
were higher for persistent and newly diagnosed PTSD veterans,
compared to those without the disorder (LeardMann et al., 2015).
Furthermore, weight gain remained a noteworthy outcome for people
previously diagnosed with PTSD that had resolved. In a different study
with nearly half a million ex-service personnel, over a third with PTSD
were found to be obese with 25.1% class I, 7.5% class II and 1.6% class
III (the most severe grade) (Maguen et al., 2013). Similar increases are
described in civilians, for instance, Pagoto et al. (2012), using the
Collaborative Psychiatric Epidemiology Survey data, demonstrated
obesity was 1.51 times more common in people with PTSD than those
without. This finding was confirmed by a systematic review and
meta-analysis that described an almost identical increased risk for
obesity (1.55 times more likely) based on 589,781 PTSD diagnosed in-
dividuals (Bartoli et al., 2015). Prospective work has further established
the PTSD-obesity relationship. A study tracking participants over
six-years showed a three-fold increase in obesity for sub-threshold and
full PTSD female patients (Perkonigg et al., 2009). Central adiposity, a
phenomenon related to obesity, is associated with long-term exposure to
traumatic stress. Stress-related glucocorticoid release stimulates neuro-
peptide Y (NPY) production and upregulates NPY receptor expression in
abdominal fat (Kuo et al., 2007). This mechanism may initiate fat
angiogenesis and adipocyte differentiation which would explain the
amplified weight-hip ratio often seen in PTSD patients. The expression
of NPY has also been implicated in metabolic syndrome (MetS) devel-
opment for which abdominal fat is a marker (Després et al., 2008). MetS
is a term for the presence of two or more of the syndromes discussed in
this work (abdominal obesity, dyslipidemia and hypertension), as well
as abnormal plasma glucose/insulin resistance (Ninomiya, 2011). As
would be expected, numerous studies indicate MetS is a risk factor for
stroke (Sarrafzadegan et al., 2017; Rodriguez-Colon Sol et al., 2009). At
the same time, MetS is a common outcome of post-traumatic stress with
a meta-analysis reporting that approximately 40% of traumatized in-
dividuals meet the requirements for the syndrome (Rosenbaum et al.,
2015). As MetS includes systemic and abdominal fat inflammation, the
disorder is also considered a low-grade inflammatory syndrome (Elks
and Francis, 2010).

5.1.5. Inflammation

Inflammation is widely recognized as a risk factor for stroke devel-
opment. Numerous inflammatory molecules have been studied in rela-
tion to stroke with the most common being interleukin-6 (IL-6), tumour
necrosis factor-a (TNF-o) and high-sensitivity C-reactive protein (hs-
CRP) (Calabro et al., 2009; Welsh et al., 2008). Several mechanisms
resulting from inflammation are potentially significant for stroke. Pri-
mary among these is atherosclerosis (Libby et al., 2009) which is now
considered a chronic low-grade inflammatory condition (Golia et al.,
2014; Libby and Hansson, 2015). Inflammatory cytokines are implicated
in endothelial cell dysfunction, as well as development, erosion and
rupture of atherosclerotic plaques and subsequent atherothrombotic
events (Sitia et al., 2010; Ramji and Davies, 2015). Inflammation has
been linked to arterial stiffness which in turn increases hypertension risk
(Tomiyama et al., 2017). Furthermore small vessel disease is directly
associated with inflammatory responses as are stroke risk factors such as
obesity (van Dijk et al., 2005; Mathieu et al., 2009). Of particular
importance, are associations between inflammation and dyslipidemia
due to hs-CRP recruitment of LDL in the development of plaque for-
mation (Linton et al., 2019; Casas et al., 2008).

Despite competing findings, the weight of evidence suggests that
inflammatory states are an intrinsic characteristic of traumatic stress
pathology (O’ Donovan, 2016; Speer et al., 2018). Furthermore, the close
association between the two conditions has led some researchers to
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suggest PTSD is an immunological/inflammatory disorder (Wang et al.,
2017). The pro-inflammatory state seen in traumatic stress is especially
related to impairments in HPA axis activity (Silverman and Sternberg,
2012). Upsurges in pro-inflammatory cytokines have been recorded in
PTSD patients such as; TNF-a, IL-6, hs-CRP, interferon y and IL-1p
(Hussein et al., 2017; Rosen et al., 2017; Passos et al., 2015), with de-
creases in anti-inflammatory cytokines also reported (von Kanel et al.,
2007). Importantly, exposure to trauma alone (without a PTSD diag-
nosis) appears to increase concentrations of circulating inflammatory
markers. A meta-analysis using 36 studies (n = 14,991), found
moderate-to-large correlations between trauma exposure and levels of
the proinflammatory molecules; IL-1f, IL-6, TNF-o and CRP (Tursich
et al., 2014). Levels of circulating inflammatory markers may also be
symptom and experience specific, for example, von Kanel et al. (von
Kanel et al., 2007) showed that TNF-a levels correlate with
re-experiencing, avoidance and hyperarousal, whilst negative IL-4 con-
centrations related to hyperarousal. Similarly, hs-CRP has been posi-
tively associated with re-experiencing and avoidance in traumatized
WTC attack witnesses (Rosen et al., 2017) and with intrusive reliving in
women with PTSD as a consequence of interpersonal violence (Heath
et al., 2013). Inflammation may also not just be a response to traumatic
experiences but could also be a predisposing factor. Eraly et al. (2014)
conducted a prospective study using army personnel waiting to be
deployed to a combat zone and report that baseline plasma hs-CRP
concentrations predicted the development of PTSD following their
period of service.

Anti-inflammatory agents have been successfully used to alleviate
symptoms in people with depression (Kohler et al., 2014). Given the
ubiquity of inflammation in traumatized people and the comorbidity
between depression and PTSD, comparable explorations could poten-
tially prove beneficial for trauma sufferers in the future.

5.1.6. Heart arrhythmias

Changes in heart rhythm can act as predictors of stroke events. The
most common heart arrhythmia is atrial fibrillation (AF) (Wyndham,
2000). Studies show a 3-fold increased adjusted rate of thromboembo-
lism in patients with severe cases of AF (Go et al., 2018). Cardiac
arrythmias may also cause worse strokes for example, mortality is
known to be higher in acute stroke patients with ventricular tachyar-
rhythmias, compared to those without (Oppenheimer, 2006).

In a large work using over one million service personal, it was found
that people with PTSD had a 31% increase in incidence of AF (HR =
1.31; 95% CI, 1.19-1.43). This finding remained after adjustment for
demographic, lifestyle, medical and psychological risk factors (HR =
1.13; 95% CI, 1.02-1.24). The authors also report AF was acquired at a
younger age in those with PTSD than without (P = 0.004) (Rosman
et al., 2019b).

Variability in intervals between successive heartbeats (HRV), reflects
autonomic nervous system activity which is often dysfunctional in
stroke (De Raedt et al., 2015). In a prospective study over a 22-year
period, low HRV was associated with an increased incidence of cere-
brovascular events (HR = 2.0, 95% CI, 1.1-4.0) with other research
indicating worse functional outcomes, post-stroke infections and patient
mortality (Lees et al., 2018; Fyfe-Johnson et al., 2016). HRV also spec-
ifies AF pathogenesis (Alonso and Norby, 2016). A study with over 11,
000 participants showed that the chances of developing this common
cardiac arrhythmia rise in line with decreases in HRV (Agarwal et al.,
2017). A meta-analysis including 26 studies, demonstrated increases in
heart rate immediately after a traumatic event results in additional PTSD
symptoms at a later date (Morris et al., 2016). Low HRV has been
observed in people with PTSD in comparison to both trauma-exposed
individuals without the disorder and non-exposed persons (Hauschildt
et al., 2011). The link between traumatic stress and HRV has been
attributed to PTSD related behaviours such as smoking, alcohol abuse,
and in particular, sleep disruption (Dennis et al., 2014b). However, the
direct effects of trauma on HRV were fortuitously observed in patients
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undergoing 24hr ambulatory Holter electrocardiographic monitoring.
An earthquake struck during the study period and all patients presented
with sudden impaired HRV seconds after the event, along with palpi-
tations and sinus tachycardia lasting an hour (Huang et al., 2001).
Trauma is also associated with other arrhythmias. Following the WTC
attacks, it was noted that patients with implantable
cardioverter-defibrillators presented with over a two-fold increase in
ventricular tachyarrhythmia (Steinberg et al., 2004). A cross-sectional
study including 4462 ex-service personal reports a nearly threefold in-
crease in atrioventricular conduction defects in PTSD affected in-
dividuals and moreover, over a fourfold increase in infarctions
(Boscarino and Chang, 1999).

Two common behavioural responses to traumatic experience are
anger and hostility (Orth and Wieland, 2006; Taft et al., 2007) with the
former frequently associated with the onset of ventricular arrhythmias
(Lampert et al., 2002). A dosing effect may also occur with arrhythmia
frequency related to levels of anger (Lampert et al., 2009). In the Fra-
mingham offspring cohort (n = 3873), anger and aggression predicted
the 10-year incidence of AF after controlling for stroke risk factors and
medical history (Eaker et al., 2004). The heightened anger expressed by
PTSD sufferers may be a consequence of the increased sympathetic ac-
tivity the disorder elicits and likely accounts for some of the associations
between trauma and abnormal heart rhythms found in these patients.

5.2. Substance abuse

5.2.1. Smoking

Smoking is implicated in 11% percent of all cardiovascular-related
deaths across the globe, of which, 25% are stroke (Ezzati et al., 2005).
Tobacco use increases stroke risk through different pathways such as;
vascular inflammation, increased platelet coagulation, oxidative stress
and altered serum lipids (Siasos et al., 2014). Smoking predicts all stroke
subtypes with ORs of 2.32 (99% CI, 1.91-2.81) for ischemic and 1.45
(99% CI, 1.07-1.96) for hemorrhagic stroke, as well influencing stroke
mortality (Shah and Cole, 2010; Haheim et al., 1996; Boehme et al.,
2017). Tobacco use is a major cause of stroke in young adults and
dose-response effects related to the number of cigarettes smoked vs.
stroke incidence, are also reported (Smajlovic, 2015; Markidan et al.,
2018).

Tobacco use is prominent in people with PTSD (Feldner et al., 2007;
Kearns et al., 2018). A systematic review including 45 studies, showed
that smoking rates are elevated in both clinical (40%-86%) and
nonclinical PTSD populations (34%-61%) (Fu et al., 2007). These au-
thors report traumatized individuals were 2-4.5 times more likely to be
dependent on nicotine and similar findings have been described else-
where (Breslau et al., 2003). In the general population, smoking is two
times greater in people with PTSD compared to the national average
(Kalman et al., 2005). Furthermore, tobacco users who already have
PTSD are known to increase their intake in response to trauma. In one
study, 41% of PTSD afflicted smokers who witnessed the WTC attacks
consumed more nicotine after the event and those who did were also
more likely to report further PTSD symptoms (24.2% vs. 5.6%) (Vlahov
et al., 2004). Such findings are amplified among PTSD afflicted military
personnel where in some studies, as much as 60% of veterans were found
to smoke (Beckham et al., 1995). Particularly problematic for stroke and
health in general is that people with PTSD have more difficulty giving up
cigarettes and a greater inclination towards relapse (Beckham et al.,
2013; Hapke et al., 2005). Moreover, individuals with PTSD inhale more
deeply and do so more often (McClernon et al., 2005). Whilst the reasons
for different style and intensity of smoking in PTSD patients remain
unexplained, it has been argued that, much like alcohol, smoking is a
way of reducing traumatic symptoms. Beckham et al. (2007), for
example, suggest tobacco is used to suppress PTSD related hyperarousal
whereas others have found associations with emotional numbing or
avoidance (Baschnagel et al., 2008). Conversely, cigarette smoking can
increase startle responses and it has been reasoned that arousal and
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vigilance states may be augmented in traumatized individuals (Calhoun
etal., 2011). Either way, studies of this nature suggest people with PTSD
use nicotine to overcome specific aspects of PTSD symptomology and in
particular, negative feelings.

5.2.2. Alcohol intake

It has long been established that drinking above healthy guidelines is
a potent risk factor for stroke (Patra et al., 2010). However, the rela-
tionship between alcohol consumption and stroke is complex and con-
tradictory. Drinking increases the risk of hemorrhagic stroke whereas, a
curvilinear, or even protective association exists for ischemic stroke
events (Patra et al., 2010; Reynolds et al., 2003). Binge drinking,
nevertheless, is particularly hazardous for all stroke. Defined as drinking
more than five drinks in one sitting (four for females), binging has been
identified as a causal factor for stroke development, particularly in
males (Larsson et al., 2016). A number of potential mediators for the
increased alcohol-stroke risk have been described, such as
alcohol-induced hypertension (Roerecke et al., 2017) or increased
incidence of AF (Voskoboinik et al., 2016).

Problem drinking following exposure to trauma has been recognized
for decades (Alexander, 1948). The recently defined ‘alcohol use disor-
der’ (AUD) (American Psychiatric Association, 2013), is the most com-
mon comorbid substance abuse problem associated with post-traumatic
stress (Ralevski et al., 2014). For people with PTSD in the general
population, the chance of having an alcohol problem rises by 2.67 and
3.37 times for men and women respectively (Kessler et al., 1997).
Similarly, 30-61% of people seeking treatment for alcohol and other
substance abuse disorders have experienced a traumatic event (Kacha-
dourian et al., 2014). In combat veterans, the numbers are greater with
the risk of problem drinking increasing nearly four-fold in PTSD afflicted
personnel (Seal et al., 2011). A dosing effect also exists whereby the
severity of traumatic experience mediates the frequency and amount of
alcohol consumed (Jacobson et al., 2008). Furthermore, the nature of
traumatic experience mediates alcohol consumption. For example,
interpersonal or sexual violence, particularly at a young age, results in
higher rates of problem drinking and alcoholism in adulthood (Wilsnack
et al., 1997). This finding may partially explain the observation that
females with PTSD exhibit higher rates of alcohol and substance abuse
than traumatized males, as women suffer a disproportionate number of
interpersonal and sexual assaults in childhood and adolescence (Lehavot
et al., 2014). Nevertheless, interpersonal and sexual violence are not the
only early life events that the influence problem drinking. Events such
as; separation/loss, life-threatening illness, physical neglect, emotional
abuse, and witnessing violence also increase the likelihood of alcohol
abuse or dependency later in life (Yang et al., 2015). Binge drinking is
also a common behaviour associated with PTSD (Kachadourian et al.,
2014; Walker et al., 2018). Adams, Boscarino and Galea (2006), showed
that binge drinking was higher in people exposed to a greater number of
negative events during the WTC attacks (OR = 2.51, 95% CI, 1.4-4.5), as
was alcohol dependency 2-years post events (OR = 3.05, 95% ClI,
1.3-7.0). This finding supports the notion that, much like cigarettes,
alcohol is used in a dose-dependent fashion to numb the symptoms of
PTSD (Leeies et al., 2010).

5.3. Psychosocial

5.3.1. Psychopathology

Poor mental health has been repeatedly linked to stroke. A large
meta-analysis with over three million participants reports a pooled OR
of 1.42, (95% CI: 1.21-1.66) for increased stroke events in people with
severe mental health problems compared to controls (Correll et al.,
2017). Longitudinal associations between stroke and mental health have
been identified for bipolar disorder (Lin et al., 2007), schizophrenia (OR
=2.05, 95% CI, 1.59-2.64) (Correll et al., 2017), depression (HR = 1.45,
95% CI, 1.29-1.63) (Pan et al., 2011) and anxiety disorders (HR = 1.14,
95% CI, 1.03-1.25) (Lambiase et al., 2014). Of the subtypes of anxiety
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disorder, PTSD and panic disorder (PD) are the most commonly asso-
ciated with increased stroke risk (HR = 3.37, 95% CI 2.44-4.67 and HR
=1.38, 95% CI, 1.12-1.71 respectively) (Chen et al., 2015; Chou et al.,
2012).

PTSD rarely presents as unique psychopathology with the disorder
highly correlating with other mental health problems including; bipolar
disorder, GAD, obsessive-compulsive disorder, PD and especially
depression (Otto et al., 2004; Cougle et al., 2010; Perkins et al., 2018;
Brown et al., 2001). PTSD often precedes comorbid psychopathology,
for example, Goldstein-Piekarski et al. (2016) showed how 64% of
people with a primary diagnosis of PTSD later go on to develop
depression. PTSD and depression share many genetic (Sartor et al.,
2012), neurobiological (Myers-Schulz and Koenigs, 2012) and
dysfunctional HPA axis (Keller et al., 2017) similarities. It is perhaps
unsurprising, therefore, that depressed patients also carry major risk
factors for stroke (e.g. diabetes and obesity) whilst also presenting with
similar pro-inflammatory profiles as people with PTSD (Luppino et al.,
2010; Raison et al., 2006).

PTSD is closely affiliated with PD and it has been suggested that
panic attacks maintain and worsen PTSD symptomology (Hinton et al.,
2008). At the very least, panic attacks are common sequelae of traumatic
stress with 35% of PTSD patients reporting an attack within the last year
(Cougle et al., 2010). PD has been found to predict stroke (HR = 1.38,
95% CI, 1.12-1.71) and AF (HR = 1.73, 95% CI, 1.26-2.37) (Chou et al.,
2012; Cheng et al., 2013). There is considerable overlap in presentation
of panic attack, cardiac symptoms and transient ischemic attacks, (i.e.
palpitations, paresthesia, chest pain and difficulty breathing) which may
lead to misdiagnosis (Nadarajan et al., 2014; Taylor, 2006). As described
earlier, hostility, aggression and particularly, anger, frequently accom-
pany PTSD and other mental health problems (and are also associated
with cerebrovascular events) (Taft et al., 2007; Everson-Rose et al.,
2014). The reactive, ‘explosive’ anger seen in traumatized patients, has
been shown to predict PTSD symptom severity (Spiller et al., 2016). The
DSM-V recognizes a form of anger as a distinct psychological syndrome,
‘intermittent explosive disorder’, that is present in one-third of PTSD
patients (Fanning et al., 2016). Given the strength of association be-
tween PTSD and anger, it is likely this behaviour accounts for a signif-
icant percentage of strokes recorded in PTSD sufferers.

Antipsychotic medication has also been linked to stroke. Weight
gain, dyslipidemia, obesity and other stroke risk factors have all been
associated with antipsychotic drug use but these medications also
independently predict stroke development (Douglas and Smeeth, 2008).
In particular, antipsychotics are related to arterial stiffening and
thromboembolic events (Findikli et al., 2016; Shulman et al., 2013). In
addition, antipsychotic medications may affect the heart through pro-
longation of the QTc interval which correlates with hypertension,
increased blood glucose and cardiac arrhythmias (Sicouri and Antzele-
vitch, 2008; Leotta et al., 2005).

5.3.2. Physical inactivity

Lack of physical activity (PA) is a strong predictor of stroke (Fogel-
holm, 2010). A meta-analysis including 23 studies concluded that highly
active individuals had a 27% lower risk of ischemic or hemorrhagic
stroke and mortality (RR = 0.73, 95% CI, 0.67-0.79) than individuals
with low PA (Lee et al., 2003). The same authors report a sharp decrease
in risk of stroke in high PA persons when looking at case-control studies
(RR = 0.36, 95% CI, 0.25-0.52). The optimal amount and intensity of PA
to confer protective benefits remains a topic of debate. However,
walking studies highlight a dose-dependent decrease in stroke risk as a
function of ambulatory intensity (Boone-Heinonen et al., 2009; Jefferis
et al., 2014).

PTSD sufferers are more likely than non-exposed individuals to be
physically inactive (Vancampfort et al., 2017). This relationship is un-
doubtedly multifactorial but the expression of traumatic symptoms
should be considered. Engaging in social or outdoor activities requires
motivation which in broad terms relates to goal-orientated behaviour.
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Motivation is diminished in PTSD sufferers as symptoms such as
avoidance or numbing are de facto not conducive to enthusiasm or drive
(Simmen-Janevska et al., 2012). Self-efficacy is a related concept that
also predicts PA participation (Perkins et al., 2008). Self-efficacy refers
to a person’s confidence in their ability to perform a behaviour and low
levels of this concept have been shown to predispose people to PTSD
development and to maintain the disorder (Flatten et al., 2008). Trau-
matized individuals in general, tend to be pessimistic in their worldview.
This may also affect PA participation as it has been demonstrated that
optimistic people are more active and take part in a greater number of
events (Boehm et al., 2018). PTSD symptoms also complicate interper-
sonal and social relations which can reduce PA involvement (King et al.,
2006). In trauma affected veterans, for example, perceived support from
family and friends is lower than non-PTSD veterans suggesting fewer
opportunities for physical team or social activities (Jelusic et al., 2010).
Fatigue is another important aspect of PTSD that may impact partaking
in PA. Chronic fatigue syndrome (CFS) is prevalent in trauma-exposed
children with disrupted cortisol secretion suggested as a mediating
factor (Heim et al., 2008). Similar results are reported in war veterans
where, in a study of healthcare-seeking soldiers, 50% of those diagnosed
with CFS were also comorbid for PTSD (Natelson et al., 2001). Similarly,
a twin study with 8544 civilians from the University of Washington Twin
Registry, showed that participants who scored high on a PTSD
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diagnostic screening tool were four-fold more likely to register with CFS
(Dansie et al., 2012). Chronic pain is an established outcome of PTSD
that may also impede PA involvement. Defrin and colleagues (2008)
demonstrated that not only is pain more common in trauma afflicted
veterans, compared to both anxious people and healthy controls, but is
experienced as more intense and increases as a function of traumatic
symptoms. Traumatized people may also be more sensitive/aware of
somatic sensations than non-PTSD populations or individuals with other
mental health conditions (Elklit and Christiansen, 2009). PA avoidance,
therefore, could be a way to manage the increased heart rate, hyper-
ventilation and general hyperarousal that stems from PA participation.

6. Summary, limitations and further directions

This work set out to highlight the links between PTSD and stroke
either directly or through the establishment of stroke risk factors
(summarized in Fig. 1). The evidence presented in Table 1 indicates
traumatic stress independently predicts stroke. However, questions
remain regarding the strength of this association and further studies are
warranted. Understanding the biological mechanisms through which
PTSD independently predicts stroke are potentially important for
reducing adverse reactions in patients admitted for stroke and for better
understanding of trauma responses overall.

Fig. 1. Proposed influence of PTSD on stroke
directly (Section A) or via stroke risk factors

(Section B).

Note. Section A (PTSD 1), is represented by blue
arrows. Section B (PTSD 2), is denoted by green
arrows. Potential intervening stages are in yellow
boxes. Stroke risk factors are in grey, purple and

blue boxes representing physiological, substance
abuse and psychosocial categories respectively.

(For interpretation of the references to colour in
this figure legend, the reader is referred to the
Web version of this article.)
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This review goes on to highlight work showing PTSD predicts stroke
risk factors although different levels of evidence exist for each factor. In
some cases what is already known is confirmed such as, associations
between PTSD and hypertension. For other factors, such as heart ar-
rhythmias, associations are less clear and biological pathways inade-
quately defined or absent. It is also worth emphasizing that people with
PTSD are typically comorbid for one or more of the risk factors described
in this work. Furthermore, for wide-ranging risk factors like physical
inactivity, it is difficult to determine if increased stroke risk is mediated
by PTSD or concurrent non-inactivity related factors, such as, unem-
ployment, medications, or social exclusion. In some instances, comor-
bidity can be explained by overlapping aetiologies or interrelated
causality. However, the accumulative impact of comorbid syndromes on
stroke are rarely described in the PTSD-stroke literature and studies
involving data modelling techniques that account for variable in-
teractions would be informative.

In contrast to an ever-growing body of literature describing post-
stroke PTSD (Garton et al., 2017), this review demonstrates how trau-
matic stress often comes first in the trauma-stroke relationship, either
directly or through the genesis of stroke risk factors. In addition, this
work confirms how trauma exposure has a lasting impact on neurolog-
ical, physiological, and psychological factors relevant to stroke years or
decades after the event. It is important, therefore, that physicians and
healthcare providers, when confronted with stroke patients, or those
with stroke risk factors, are mindful of trauma history and its effects,
particularly where medical conditions are unexplained. A number of
easy to administer screening tools such as the PCL-5 (PTSD: National
Center for PTSD, 2019) can aid in PTSD assessment and their use may
help in the reduction of stroke burden worldwide.
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