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This editorial refers to ‘Cortico-limbic interactions and carotid atherosclerotic burden during chronic stress exposure’,
by C. Gharios et al., https://doi.org/10.1093/eurheartj/ehae149.
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Meta-analysis of the impact of PTSD on cardiovascular events
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Psychological stress reshapes neurovascular brain—body interactions to affect atherosclerosis. In patients with post-traumatic stress disorder (PTSD),
chronic psychological stress enhances cortico-limbic activities of the ventromedial prefrontal cortex (vmPFC) and amygdala (AMG), and decreases
neural integrity of the uncinated fasciculus (UFN) connecting both structures in the orbitofrontal and lateral lobes of the cortex. This central neural
restructuring may lead to enhanced peripheral leucopoiesis in the bone marrow and lymphoid tissues, and possibly leucocyte recruitment within ad-
ventitia and atherosclerotic plaques. Eventually, this neural network can underly the higher cardiovascular risk of PTSD patients observed across a wide
core of the literature.
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Editorial

Psychological stress and cardiovascular disease have been associated for
a long time. Despite the complexity of a lack of a univocal definition or
measurement, epidemiological studies performed 20 years ago re-
vealed that stress constitutes an attributable risk for cardiovascular
events comparable with conventional risk factors.” On the one
hand, acute mental stress has been more commonly associated with
cardiovascular events and linked to the activation of acute stress re-
sponse mechanisms (i.e. hypothalamic—pituitary—adrenal axis and sym-
pathetic nervous system outputs) precipitating atherosclerotic plaque
vulnerability.* On the other hand, the relationship between chronic
stress and the development of atherosclerosis and cardiovascular dis-
ease appears more complex. A prima vista hypothesis may postulate
that stress has detrimental effects on cardiovascular health via a
maladaptive lifestyle or socioeconomically contingent conditions.
However, the effect of stress is independent of age, geographic region,
sex, socioeconomic status, and smoking status.> Other mechanisms
have been shown to be involved, such as the activation of neural circuits
involved in the perception of fear (i.e. the amygdala and other higher
order brain areas) with their influence on bone marrow leucocyte pro-
duction and mobilization.>® However, understanding of the complex
wiring between the brain and the cardiovascular system and its rele-
vance for cardiovascular pathophysiology is far from being complete.

A historical rationale for why the neuro-vascular connection has
been neglected for years is the assumption that the vessel wall of large-
and medium-sized arteries lacks extrinsic innervation. However,
Andreas Vesalius, the father of modern anatomy, reported the close
proximity between blood vessels and the peripheral nerves already in
his book De Humani Corporis Fabrica as early as the 16th century.’”
Yet recent evidence has profoundly changed the view on neuro-
vascular cross-talk, raising awareness of the existence and relevance
of physical and functional interactions between the cardiovascular sys-
tem and the nervous system. Indeed, multiple interfaces connecting
the cardiovascular, immune, and nervous systems in advanced athero-
sclerosis have recently been identified.®™'® These multisystemic trilat-
eral interactions form neuroimmune cardiovascular interfaces and
cardiovascular—brain circuits involved in central (brain) and peripheral
(body) processes to regulate behavioural states including emotions, em-
pathy, and stress that affect cardiovascular responses.é”z11 Notably, ad-
ventitial neuroimmune cardiovascular interfaces show robust neural
restructuring of peripheral nerves originating from perivascular ganglia
that may trigger the formation of adventitia leucocyte aggregates adja-
cent to atherosclerotic plaques in diseased arteries and employ afferent
and efferent paravascular ganglia to form multisynaptic artery brain
connections with higher order brain areas including the brainstem,
amygdala, and hypothalamus to regulate atherosclerosis. Moreover, evi-
dence shows how atherosclerosis affects the activities of distinct brain
areas including the amygdala of hyperlipidaemic mice® and how hyper-
tension alters the structural integrity of specific white matter structures
including the uncinate fasciculus in hypertensive pa‘cien‘cs.12

In this issue of the European Heart Journal, Gharios et al. aim to extend
to humans the knowledge of the complex network between the brain
and the cardiovascular system to shed light on the relationship between
neural networks affected by chronic stress and vascular disease.’® By
multimodal imaging approaches, the authors have investigated the
brain, assessing the activity of stress-associated networks and the axon-
al integrity of cortico-limbic circuits, and arteries, by concomitant de-
termination of vascular plaque burden, as well as bone marrow and
lymphoid organs. As a clinical model, the authors focused on patients
with a diagnosis of post-traumatic stress disorder (PTSD), as a well-
established condition of chronic psychological stress with an established

association with cardiovascular disease.'*'® Patients affected by PTSD
had higher activation of the stress-associated neural networks and re-
duced integrity of the uncinate fasciculus axons (especially in the left
hemisphere), and both parameters correlated with carotid atheroscler-
osis burden after adjustment for classical cardiovascular risk factors.
Similar results were obtained for the ascending aorta, although these
did not reach statistical significance. These findings extend and further
integrate previous work from the authors, showing that the activity of
the amygdala is an independent predictor of cardiovascular events in a
longitudinal cohort reflecting the general population.® Yet, the present
study highlights the importance of a more extensive investigation of
neural networks, rather than a limited focus on the limbic system or
the amygdala. Indeed, an important finding of the study is that axonal
integrity of the uncinate fasciculus, an intercerebral white matter fibre
tract connecting the amygdala and the limbic system with the orbito-
frontal cortex, is inversely associated with the stress-associated neural
network activity and with the carotid atherosclerotic burden. This dis-
covery might lead to new views on the relevance of the frontal cortexin
the control of the limbic system and its influence on cardiovascular
health in humans. Yet, replications of these findings in larger prospect-
ive cohorts and detailed optogenetic investigations in animal models are
warranted to dissect the neural networks involved.

An aspect that the study by Gharios et al. could not clarify is the
underlying mechanism(s) of the observed associations between
stress-associated neural activity and subclinical atherosclerosis. While
a higher plasma high-sensitivity C-reactive protein (hsCRP) concentra-
tion was detected in patients with PTSD which positively correlated
with stress-associated neural activity (but only on the left hemisphere)
and carotid atherosclerosis, no significant associations were found
with vascular inflammation or leucopoietic activation, assessed by
["®F]FDG-PET uptake in the spleen and bone marrow. Possible expla-
nations may include the reduced statistical power of the investigated
cross-sectional cohort, which included patients without established
atherosclerosis and with low global cardiovascular risk, as reflected
by an average Framingham Risk score below 2%. In this regard, recent
studies have shown that neuroimmune interfaces assemble in human
atherosclerosis and are primarily located in the adventitia,” thus at
the very limit of technical detection of current state-of-the-art meta-
bolic imaging techniques and possibly underappreciated at early disease
stages in a cohort of subjects with subclinical atherosclerosis. Hence,
while the hypothesis of higher inflammatory activation is still plausible
(Graphical Abstract), this cannot be concluded from the current study,
and investigations in prospective cohorts in humans together with
mechanistic studies in animal models are warranted. The identification
of neuroinflammatory networks responsible for atherosclerosis may
lead to new therapeutic options.

The current article raises further awareness of the major impact of
psychological stress on cardiovascular health and disease, with implica-
tions for clinical routine. The detection of subclinical atherosclerosis in
young patients (median age 37 years) despite a low risk of cardiovascular
events based on traditional risk factors raises the question of the proper
cardiovascular preventive strategies. The association between cardiovas-
cular events and PTSD is strong and consistent in multiple cohorts
(Graphical Abstract).”® The current study shows that structural impair-
ments in the cortico-limbic circuits can be detected by magnetic reson-
ance imaging and are associated with atherosclerosis development.
Whether these findings could translate into novel diagnostic strategies
for the cardiovascular risk stratification of these patients or prognostic
markers of therapeutic response will require multicentre prospective
clinical trials. Similarly, further studies should establish whether these
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patients, as well as patients with other forms of chronic psychological
stress, would benefit from cardiovascular preventive strategies.

In conclusion, the study by Gharios et al. provides important insights
into the potential relevance of the cortico-limbic inflammatory net-
works in human atherosclerosis and its association with chronic psy-
chological stress. While future research is required to delineate the
complexity of the neural connections between the brain and the car-
diovascular system, future studies may hold the promise of the devel-
opment of novel therapeutic interventions in cardiovascular—brain
circuits to treat atherosclerosis beyond current lipid-lowering and anti-
inflammatory therapies.
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