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Recently, neuroimaging technology for study of neuro-cardiac physiology and
mental and spiritual health has gained interest, in relation to cardiovascular function
and other body systems. Advances in functional magnetic resonance imaging(fMRI) and
nuclear imaging techniques appear to be quite important in the diagnosis of neurological
diseases, psychological disorders, apart from extended knowledge of pathophysiology of
atherosclerosis and vulnerable plaques. 3-dimensional echocardiography (3D-Echo.) and
multi-detector-row computed tomography are important technological advances that have
improved our capability to know more about cardiovascular diseases (CVDs). Rapid changes
in environmental factors have predisposed the people to psychosocial stress on a daily
basis, in both developed and developing countries. Heavy workloads, job insecurity, living in
relative poverty, and competition in business have been associated with increases in mental
stress, which in turn can lead to chronic anxiety disorders, such as anxiety, aggression, type
A behavior and depression. Apart from increases in psychological burden, chronic stress may
also be associated with an increased risk of CVDs; atherosclerosis, hypertension, heart failure,
and diabetes. Epidemiological studies indicate that subjects with increased stress perception
have a substantially higher prevalence of CVDs than controls. Chronic and acute emotional
stress and sleep disturbances can damage certain areas of the brain, such as amygdala,
hippocampus, hypothalamus, in particular circadian clock that are known to predispose
inflammation in the arteries, leading to atherosclerosis. Recent evidence, has demonstrated
that chronic anxiety disorders such as depression, may be a risk factor of CVDs and diabetes
which may be associated with tremors in the brain areas concerned with related physiological
functions. The autonomic nervous system involves the sympathetic activity, which brings
about increased catecholamines and cortisol, oxidative stress, hyperglycemia with a rise in
free fatty acids, which may be a pro-inflammatory state. Increased parasympathetic activity
related to vagal nerve stimulation may be associated with increased release of acetylcholine,
a precursor of nitric oxide which is anti-inflammatory. Acetylcholine is the principal vagal
neurotransmitter, which is known to attenuate the release of cytokines, tumor necrosis factor
(TNF), interleukin (IL)-1, IL-6 and IL-18, without any adverse effect on the anti-inflammatory
cytokine IL-10, in lipopolysaccharide-stimulated human macrophage cultures. A regular
practice of spiritual methods such as yoga, meditation, and active prayer can decrease the
risk of CVDs, metabolic syndrome as well as pro-inflammatory cytokines. Circadian alteration
in neuronal metabolism in the hypothalamus and cortex, in particular medial temporal
lobe have been observed in morning compared to evening. The above non-drug measures
as well as therapeutic agents can improve autonomic functions, possibly due to increased
parasympathetic activity, which can be visualized as thickness in the cortex, in certain areas
of brain by neuroimaging studies. These new imaging markers may be used as new targets of
therapy for advances in therapy of various diseases.
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Introduction

Budha,sEightFold Pathaimstomodulatethe mentaland spiritual
health, although, the relation of mind, brain and body functions, was
known in ancient India for the last 5000 years, as mentioned in the
ancient scripture - Bhagwatgita (3000 BCE). Recently, World Heart
Journal has reviewed the relation of neuro-cardiac physiology with
mental and spiritual health and the role of neuro-cardiovascular-
imaging in relation to cardiovascular function and other body
systems [1-3]. The reviews are based on evidence published in the
world class journals between 2016 to 2018 [4-8]. Advances in new
technologies such as functional magnetic resonance imaging(fMRI)
and nuclear imaging techniques have become quite important in the
diagnosis of neurological diseases, psychological disorders, apart
from study of pathophysiology of atherosclerosis and vulnerable
plaques. 3-dimensional echocardiography (3D-Echo.) and multi-
detector-row computed tomography have improved our capability
to know more about valvular heart disease as well as acute
coronary syndrome (ACS) [2,4]. Rapid increase in industrialization
and urbanization during the last one century have been associated,
with marked changes in diet and lifestyle factors and an increase
in psychosocial stress resulting in to emergence of cardiometabolic
diseases (CMDs); cardiovascular diseases(CVDs) and diabetes [1-
3]. Further evidence also indicates that a majority of individuals in
developed and developing countries experience psychosocial stress
on a daily basis as a result of urbanization and industrialization and
religious services may be protective [2-5]. Heavy workloads, job
insecurity, living in relative poverty, and competition in business
have been associated with increases in mental stress, which in turn
can lead to chronic anxiety disorders such as depression [9-12].

Apart from increases in psychological burden; chronic
stress may also be associated with an increased risk of CVDs;
atherosclerosis, hypertension, and heart failure, and of diabetes
[1-4]. These subjects with increased stress perception have a
substantially higher prevalence of myocardial infarction than
controls as revealed in the INTERHEART Study [11,12]. A recent
study reported that subjects with heightened metabolic activity
in the amygdala (an area of the brain linked to emotional stress)
was associated with a greater risk of heart disease and stroke [4].
Other studies indicated that fMRI is used to correlate most of the
psychological disorder as well as CVDs [13-18]. These studies
indicate that advancements in therapies may be achieved, via new
targets obtained by neuro-cardic imaging. This review aims to
examine the available evidence on the relation of neuro-cardiac

imaging markers with chronic anxiety disorders and CVDs.
Physiological Imaging Of Brain

In general, neurological dysfunction in neuronal biology
do not cause significant correlations with visible alterations
in the morphology of the cells. However, the contrast taken for
the identification of abnormalities in the physiopathology or
biology can define the accuracy of an imaging modality regarding

it performance. Recently, more sensitive imaging methods for
identification of alterations in brain function have been developed.
In view of the varieties of available imaging modalities, it is clear
that multiple capabilities of the various kinds of radiation are used
in our practice [19]. The positron emission tomography (PET) and
functional magnetic resonance imaging (fMRI) are the commonly
used and most promising molecular imaging methods for the
identification of alterations in brain functioning. In view of the
difficulties noted during developing the specific contrast agents for
MRI, methods for fMRI use was identified and therefore the success
of fMRIis mainly because of the presence of an endogenous contrast
agent in human body which has been found to have high sensitivity.
Interestingly, fMRI can provide exceptional features which increase
its performance [20].

The blood of adults contains about 750g of hemoglobin that is
rich in iron, which cannot be achieved in any endogenous agent that
can act as contrast. The iron in deoxy- hemoglobin acts as a contrast
agent in the fMRI technique. In presence of oxidation, hemoglobin
may loose its contrast enhancing nature. In the deoxygenated he-
moglobin, the deoxyhemoglobin/oxyhemoglobin ratio defines the
intensity of signals because iron is paramagnetic due to its four
unpaired electrons [21]. It is similar to gadolinium in the common
MRI contrast agents. The neural activity as well as spiking of neu-
rons, can occur due to rise in the uptake of glutamate in astrocytes
which may be under influence of blood oxygen level dependent ef-
fect [20,21]. In the high performance of fMRI, many features con-
tribute to clearance of physiopathology via physiological imaging
of neurons as given in Table 1. There are several neuro-psychiat-
ric dysfunctions in which brain imaging has been used to correlate
mental diseases with images of brain areas such as in schizophre-
nia, depression, anxiety disorders etc [21-30]. The amygdalar activ-
ity which is known to transform stressful events into anxiety and
and fear extinction, have also been studied via fMRI which may be
used as new targets for advances in therapy [31-33].

Table 1: Special features for better performance of fMRI.

1. Clinical convenience by which fMRI is used with the standard MRI
scanners and does not need any exogenous contrast agents.

2. The contrast agent in the body tissues has its own function that
responds to stimuli.

3. fMRI do not need the use of radioactive probe but it can be easily
repeated and thus commonly used in longitudinal studies.

4. Its easy to study the changes in the morphology of brain which may
influence a certain region of brain, as well as to other brain region
connectivity.

5. Contrast is achieved due to the estimation of iron in hemoglobin;
unoxidized hemoglobin, that is high in the brain tissues.

Biochemical for Nutrition and Brain

Dysfunction

Pathways

Serotonin deficiency has been commonly observed among
patients with mood disorders [33,34]. Within the central nervous

system, there are diffused networks made by serotonin system
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which play significant role in the regulation of mood and cognition
[35]. Acute or chronic change in tryptophan level, by depletion or
supplementation, may be an experimental procedure for modifying
peripheral and central serotonin concentrations, that determine
mood and behavior [33]. Western diets, particularly a diet low in
X-3 fatty acids, flavonoids as well as essential and nonessential
amino acids, are pro-inflammatory and may increase the risk of
CVDs, diabetes, as well as degenerative diseases of the brain by
causing oxidative stress, leading to fibrosis and inflammation in
various organs [34-36]. Many protein-based foods, including meats,
dairy products, dry fruits, and seeds, are rich in tryptophan, which
is an essential amino acid. High-glycemic index and high-glycemic
load meals also increase the availability of tryptophan [35]. A
balance between dietary intake of tryptophan and its removal from
the plasma as a part of its essential role in protein biosynthesis may
be important determinants of plasma concentrations of tryptophan
[35].

It is a precursor for a number of metabolites, most notably ky-
nurenine and the neurotransmitter serotonin, which is protective
against depression [35]. The second most prevalent metabolic path-
way of tryptophan availability after protein synthesis may be the
synthesis of kynurenine, which accounts for approximately 90% of
tryptophan metabolism [35]. There is strong evidence implicating
the kynurenines (precursor of kyruneric acid, an antagonist at glu-
tamate, ionotropic receptors) to be important in the pathogenesis
of behavioral and cognitive symptoms of neuropsychiatric diseases
[35]. It is the plasma amino acid pattern, in particular, the plasma
/tryptophan ratio which provides information about the compo-
sition of diet via food induced alterations. Thus food quality may
induce an increase or decrease in brain tryptophan levels, which is
important in the synthesis of serotonin. A carbohydrate-rich, low
protein meal stimulates insulin secretion that may diminish plas-

ma concentrations of the amino acids. It is known that many amino
acids; leucine, isoleucine and valine compete with tryptophan for
transport into the brain. It is clear that increasing tryptophan’s flux
across the blood-brain barrier and its brain concentrations. Howev-
er, a high-protein meal contributes too much of amino acids to the
blood stream than of the relatively-scarce tryptophan, which dimin-
ishes tryptophan’s entry into the brain. Thus, the composition of
the diet appears to be important in the physiology and metabolism
of amino acids and availability of serotonin which are known to in-
fluence various targets of therapy seen via brain imaging.

The Gut-Brain Axis and Emotional Health

The gut-brain axis is a bi-directional system between the brain
and gut, which may be linking emotional and cognitive centers of
the brain with peripheral functioning of the gut. The influence of
the gut microbiome on behavior is becoming increasingly evident,
as is the extension to tryptophan and serotonin, which poses the
possibility that alterations in the gut may be important in the
pathophysiology of neuropsychiatric disorders. Further evidence
indicates that low brain serotonin concentrations are associated
with poor memory and depressed mood, which may be a precursor
of depression. Manipulating tryptophan in diet and plasma may
influence mood and cognition, having a possible influence on the
gut-brain axis, because serotonin synthesis also occurs in gut
neurons [35]. Therefore, dietary factors as well as gut dysfunctions
can influence brain dysfunctions and emotional health, which may
be observed via brain imaging. In a meta-analysis involving 55
PET and activation of fMRI studies that produced 761 individual
peaks, the authors examined the association of anxiety disorders
in apparently healthy participants with activation of certain areas
of the brain [14]. The coordinates with peak activation were
altered into a standard space and plotted onto canonical 3-D brain
renderings. The brain was divided into 20 non-overlapping regions.

Pathways such as sensory cortical and thalamic areas, as well as areas that modulate stress-
dependent effects on amygdala activation (e.g. bed nucleus of the stria terminalis (BNST) and

prelimbic prefrontal cortex.

Intra-

Input
Pathways

Regulatory
Stimuli

Amygdala

Conditioned
Associations

Output
Pathways
Conditioned

Responses

Active
Avoidance

Figure 1: Amygdala modulating the fear response in humans (modified from Ressler, 2010 [16]).
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Across any of the single emotions such as positive, negative,
happiness, fear, anger, sadness, disgust, each region showed a char-
acteristic response to different induction methods that could be
visual, auditory, recall/imagery depending on emotional tasks with
and without cognitive demand. Table 2 shows the findings suggest-
ing that separate brain regions are involved in different aspects of
emotions, which may predispose to a greater risk of CVDs [14,16].
Modified from Phan et al. [14
fearful stimuli, including frightening faces, fear-inducing images,

]. In several brain imaging studies,

and fear-conditioned cues, were reported to cause amygdala ac-
tivation [14-18]. Thus increased activity of amygdala, in response
to fearful stimuli was found in 25 studies examining the function-
al brain structure of emotion, while 4 studies found activation to
positive stimuli [16]. An experimental study in rats indicated that
increase in the plasticity in in certain areas of brain, e g, prefrontal
cortex (PFC) and/or hippocampus, can increase the therapeutic ef-
fects of treatment of cognition [15]. The results showed that admin-
istration of a novel magnesium therapy (magnesium-I-threonate
[MgT]) increased brain magnesium, which was associated with in-

crease in hippocampal synaptic plasticity as well as in learning and

memory function in rats [15]. Treatment with MgT enhanced reten-
tion of the extinction of fear memory, without enhancing, impairing,
or erasing the original fear memory [15] (Figure 1).

There are at least 13 different sub-nuclei in the amygdala,
which are may be seen in Figure 2, including the central amygdala
(Ce A), the basal (BA) and lateral (LA) amygdala nuclei [14,16]. The
central amydala has a influence on the fear response, including
regulation of the cortisol release via the paraventricular nucleus
of the hypothalamus, known to regulate subcellular remodeling
in the cardiomyocyte and sarcolemma. The central amygdala also
enhances the startle response through the midbrain, and stimulate
6]. If
the central amygdala is damaged, it eliminates fear-conditioned

the autonomic nervous system via lateral hypothalamus [1

responses, for example, fear-potentiated startle and freezing.
Hence, central amygdala may be considered as the primary
output or effector region [16].Within the amygdala, the learning
is accomplished by lateral amygdala and basal amygdala (BA),
in particular, the lateral amygdala gets signals from visual and
auditory areas (Table 2). New therapies may be developed to target
new imaging markers obtained by neuroimaging.

Figure 2: Mental dysfunction-induced increased amygdaler activity in humans leading to systemic inflammation (modified

from Tawakol et al. [4]).

Table 2: Effects on neuro-anatomical region activation via concerned emotions.

No Neuronal region Mental dysfunction

1. Medial frontal cortex Emotional processing

2. Amygdala Fear

3. Subcallosal cingulate Sadness

4. Occipital cortex and amygdala Emotional induction by visual stimuli
5. Anterior cingulate and insula Induction by emotional recall imagery
6. Anterior cingulate and insula Emotional task with cognitive demand
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Functional (MRI/PET) Imaging of Brain in Schizophrenia

fMRI has been widely used to study the operational organization
of the human brain, by finding out the relationship between the
measured fMRI signal and the underlying neural activity. Here
we describe the simultaneous intra-cortical recordings of neural
signals and fMRI responses. In a recent study in monkeys, local
field potentials (LFPs), single- and multi-unit spiking activity with
highly spatio-temporally resolved blood-oxygen-level-dependent
(BOLD) fMRI responses were examined from the visual cortex [21].
LFPs were observed to be the largest magnitude changes, which
at recording sites characterized by transient responses were the
only signal that significantly correlated with the hemodynamic
response. The impulse response of the neurovascular system is
both animal- and site-specific, and that LFPs yield a better estimate
of BOLD responses than the multi-unit responses as revealed by
linear systems analysis on a trial-by-trial basis. The results indicate
that the BOLD contrast mechanism reflects the input and intra-
cortical processing of a given area rather than its spiking output.

Majority of the vascular and neuronal diseases, of the brain can
be easily diagnosed which could be helpful in appropriate therapies.
Apart from diagnosis, fMRIs may be used prior to surgeries of the
brain, to educate the surgeon a subjective organ and tissue mapping
of visual and clinical functions of the subject. Recently, fMRI has
been found to have importantrole in brain imaging research related
neuro-psychiatric and cardiovascular diseases [4,5]. In 2001,
Shenton et al reported, that MRI and fMRI examination in patients
with schizophrenia, indicate a loss of volume of brain tissue, in
particular an increase of the size of ventricles, which could be one
an important result of MRI examination [22]. Kindermann et al.
were the first to show that fMRI in patients with schizophrenia and
deficient cognition may be characterized with neural substrate in
the temporal cortex as well as in dorsolateral prefrontal cortex [23].
However, there is greater focus now on research in patients with
schizophrenia related to socio-emotional processing in a resting
state to find out changes that could be independent of task in the
connectivity of networks at prefrontal and temporal regions [24].

In schizophrenia, fMRI may reveal altered functional as well
as structural prefrontal-temporal communication via examination
using diffusion tensor imaging (DTI) to detect loss of myelin of
the white matter [25,26].The molecular processes in the brain
examined via fMRI include imaging of genetics functions e.g., a
certain SNiP which can influence dopamine release in the frontal
cortex on activation of neurons [27]. It seems that via use of MRS,
the level of only few neurotransmitters can be assessed. However,
imaging genetic studies may exclude epigenetic changes, but PET
examines several molecular targets of tissues of brain by a t direct
assessment. Other benefits of MRS studies include imaging studies
of genetic dysfunctions, by combining of PET and fMRI which may
give an opportunity for direct comprehensive examination of the
functioning of each region of brain, and interactions of the areas in

the whole brain. Itis also possible that examination of the glutamate
in the prefrontal cortexamong schizophrenia patients, MRS could be
an important help for solving the mechanism of cognitive deficits in
schizophrenia [28]. In Alzheimers disease, PET screening provides
disturbed metabolism and function of the neurons [29].

In a clinical study among 5 healthy volunteers and 6 patients
with neurological problems, 18F]-2-Fluoro-A85380 uptake was
clearly visualized and maximum target-to-background ratio uptake
values corrected for the background activity of the tracer showed
specific tracer uptake in the arterial walls [30]. In the descending
aorta, significantly higher uptake values were found. Comparison
between volunteers and patients showed significant differences,
with lower [18F]-2-Fluoro-A85380 uptake in the patient group
when comparing single arterial territories but not when all
arterial territories were pooled together. It is possible that [18F]-
2-Fluoro-A85380 can provide specific information on the nAChR
distribution in human arteries[30]. Vascular nAChR density seems
to be lower in patients with Parkinson’s disease or multiple system
atrophy. Once confirmed in larger study populations and in the
experimental setting, this approach might provide insights into
the pathogenic role of nAChRs in the human vasculature. It seems
that advancements in the techniques of the imaging of brain, such
as fMRI and PET screening, have enhanced our knowledge in
understanding the molecular structure and physiological function
of the brain in humans. which has been considered quite complex
earlier. Restrictions in funds and concerns related with safety, have
reduced the further progress in the getting new tracers in PET
studies.

However, functional MRI hemodynamic based studies, continue
to advance research and progress in neuroimaging. Functional MRI
has become the major modality for neuroimaging among patients
for diagnosis of diseases and possibly targeted therapy. The radio
tracers for molecular imaging; such as PET, high light the basis for
greater knowledge of molecular mechanisms in brain tissues. It
also helps in selecting the procedures for safety concerns of each
therapy. There is going to be a new era, due to use of BOLD fMRI
measuring brain function with PET radiolabeled reporters which
can be useful in mapping the more difficult molecular targets. Such
targets could be distribution and function of receptors synergistics
which may further enhance our insight into brain function [27-30].
A new era may also be expected in the advancement of therapies

due to these new imaging markers for targeted therapy.

Functional (MRI/PET) Imaging of Brain in Depression

There is evidence that depression and other mood disorders
have become important precursors of CMDs and other chronic
diseases [4-10]. Therefore, it is important to understand the
neurological mechanisms using functional imaging of brain via fMRI
and PET screening. Previous studies also showed that emotions
can influence the amygdala and the neuropeptide S system, which
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is capable of interfering with mechanisms in the amygdala that
transform stressful events into anxiety and impaired fear extinction
[31,32]. The functional neuroanatomy of depression reveals that
ventromedial and dorsolateral sectors of the prefrontal cortex are
critical neural substrates with distinct functional contributions
[33]. The putative roles of the ventromedial and dorsolateral
prefrontal cortex in depression include functional alterations of
neural circuits among individuals with depression. Most patients
with major depression also show aberrant neural activity in the
hippocampus, striatum, prefrontal cortex, anterior cingulate cortex,
and the thalamus, among many other structures [33]. Functional
neuroanatomical studies have shown that neural activity of the
hippocampus can also predict a subsequent reduction in activation
of the dorsolateral prefrontal cortex in patients with depression.
Further evidence indicates that depressive symptoms are
associated with abnormally low levels of dorsolateral prefrontal

cortex activity.

Treatment of depression in response to behavioral therapy or to
antidepressant medications may result in increased activity in this
brain region [33]. Since the dorsolateral prefrontal cortex is linked
to executive function, it may help explain some of the observed
changes in working memory, cognitive flexibility, attention, and
motivation among people who suffer from depression. This review
also emphasized that an atrophy of numerous structures within
the central nervous system may be observed among subjects
suffering from depression [33]. Neuroscientists have reported
that the amygdala, hippocampus, prefrontal cortex, striatum,
nucleus accumbens, and the cerebellum are some of the many
structures of the brain that are smaller in size among patients with
depression, as compared with those of typical, healthy individuals,
which may be due to inflammation leading to fibrosis [14,33-35].
It may be a principal locus for associations between previously
neutral conditioned stimuli (CS) and aversive, e.g., shock or
trauma, unconditioned stimuli (US), resulting in the acquisition of
conditioned fear. The BA receives some direct CS and US pathways,
but is also a target area for further processing of information from
the LA prior to sending CS-US information to the CeA [14-16].
There is a need to examine the effects of therapies on these imaging
targets for advancement of new therapies [36,37].

Functional Imaging in Generalised Anxiety Disorders

Recentstudies propose that generalized anxiety disorders(GAD)
or chronic stress and sustained threats are inter-related and the
measurable units of analysis may provide important information,
that may be critical for designing effective targeted therapies [38].
Many subjects with acute stress may have repeated triggering,
resulting in to chronic stress, due to chronic maladaptive stress
responses causing psychological disorders. There may be
involvement of biological systems; autonomic, neuroendocrine,
and psychological that may be triggered by actual or perceived or
threat leading to GAD. GAD as well as any long term anxiety may

be cause increased concentrations of global DNA methylation and

changes in the expression of epigenetic and gene of interleukin-6
[39]. On the other hand, alterations in amygdala-prefrontal
functional connectivity, in particular fronto-limbic structures, can
account for increased anxiety and autonomic dysregulation in GAD
[40]. This study based on neuroimaging, assessed the association
of the connectivity between both prefrontal cortex and amygdala
and autonomic heart rate variability in patients suffering from GAD
pre- and post-perseverative cognition task [40]. The subjects with
GAD showed lower connectivity between the prefrontal cortex
and amygdala at baseline. The prefrontal-amygdala connectivity
showed increase in the GAD group, but controls had decrease in this
area after the preservative cognition task (at a trend level).

Interestingly, after the perseverative cognition task, decline
in heart rate variability (increase in autonomic activation) was
predicted by reduced resting-state functional connectivity between
the left amygdala-subgenual cingulate cortex and between the right
amygdala-caudate nucleus [41]. These results indicate new finding
on specific neural modulation of differential psycho-physiological
responses between GAD and apparently healthy controls. In both
adults and adolescents with GAD, the disturbed coordination of
brain activity has been proposed as one of the core neurobiological
manifestation of GAD. In a review, neural structures, functioning
and connectivity in GAD as well as interaction with neuroendocrine
systems has been reported [42]. The decline in resting-state
functional connectivity, between the amygdala and prefrontal
cortex, suggest differences between GAD and healthy control
subjects [41,42]. In structural and functional neuroimaging,
differences exist in frontolimbic areas as well as in a downstream
projection from the amygdala: the anterior cingulate cortex [43].
The results indicate that across adolescence and adulthood,
decreased connectivity between the amygdala and prefrontal
cortex is associated with the diagnosis of GAD [44-47].

It is proposed that the prefrontal cortex appears to be critical
for the effective regulation of emotion, particularly ventromedial
regions that appear to control emotions during anxiety. In a meta-
analysis, it has been estimated that depth of fear is limited by the
mind which may have negative effects due to anxiety [46]. Heart
rate and heart rate variability in panic, social anxiety, obsessive,
AO0OEC; compulsive, and GAD at baseline may be under influence
[48].
prefrontal cortex activity has been reported to rise, possibly

of relaxation and hyperventilation The ventrolateral
by enhancing control on limbic structures, after therapeutic
intervention in subjects with GAD [47]. Sustained threats may be
associated with dysfunction of molecular components, for example,
hypothalamic- pituitary-adrenal axis, corticotropin-releasing
factor (CRF); adrenocorticotropic hormone and paraventricular
nucleusn [48]. These molecular components related to sustained
threat are also component of the neuroendocrine system, that
controls the response caused by stress. It has been proposed that
neuroendocrine dysregulation may contribute anxiety, in particular,

when there is a state of threat or anxiety. It has been observed that
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corticotrophin releasing factor is released from the paraventricular
nucleus of the hypothalamus into the primary capillary plexus. It
is part of hypothalamo-hypophyseal portal system that stimulate

the anterior pituitary to synthesize pro-opiomelancortin into the
blood. In the adrenal glands, adrenocorticotropic hormone in the

blood activates the synthesis and release of cortisol.

Table 3: Research domain areas in the brain and criteria of sustained threat.

Cells Molecules Circuits, physiology Behavior
ACTH CRF HPA-axis hormones _ , Decrease in appetitive, Arousal
Attention network Dysregulation of amygdala | associated with anxiety. Attentional
Hippocampal Note. ACTH= (adrenocorticotropic reactivity Dysregulation of cingulate reactivity bias to threat, reduced libido,
Microglia hormone); CRF= (corticotropin releasing Habit systems Hypothalamic nuclei, PVT avoidance. Behavior with
Prefrontal factor); HPA=hypothalamic-pituitary- (paraventricular thalamic nucleus)., Vigilance helplessness, greater detection
adrenal); network Dysregulated HPA Axis Error-related of conflict, greater perseverative
negativity behavior, Memory retrieval deficits
Punishment sensitivity

There is shut down of the hypothalamic-pituitary-adrenal axis,
due to release of cortisol, or corticosterone, through the influence
of the hypothalamus, pituitary, and hippocampus. In several
studies, changes in the neuroendocrine system related to sustained
threat; chronic activation of the system described above have been
reported [47,48] (Table 3). These neuroimaging targets can be used
for development of new therapies in the treatment of diseases.

Functional Imaging of Brain in Cardiovascular Diseases

The details of atheroma in the arteries and various areas of
brain may be examined by fMRI and PET screening which prompt
us to establish a relation between neuronal physiology, with
cardiovascular physiology and pathology [4-6]. Atherosclerosis and
athero-thrombosis are major underlying causes of CVDs that are
tenfold more common as vascular disease in diabetes. fMRI studies
of brain and other parts of the body reported that chronic and acute
emotional stress can damage certain areas of the brain causing
tremors in these areas of brain predisposing systemic inflammation
including inflammation in the arteries, leading to atherosclerosis
[4,6]. Therefore, atherosclerosis may be considered as if it is a
disease of the brain (Table 1) (Figures 1 & 2). A landmark cohort
study has confirmed this concept which included 293 subjects,
aged 30 years or older, without known cardiovascular disorders,
in whom amygdalar activity, bone-marrow activity, and arterial
inflammation were examined fMRI[4]. After a median follow-up of
3.7 years, the results showed that increase in amygdalar activity
examined by fMRI, was significantly associated with greater bone-
marrow activity (r=0.47, p<0.0001), arterial inflammation (r=0.49,
p<0.0001), and increased risk of CVD events (standardized hazard
ratio: 1.59, 95% CI: 1.27-1.98, p<0.0001).

The association between amygdalar activity and CVD events
may have been mediated by increased bone-marrow activity and
arterial inflammation. It was also observed in a separate cross-
sectional study, by psychometric analysis (n=13), that amygdalar
activity was significantly associated with arterial inflammation
(r=0.70, p=0.0083). The increase in the perception of stress was
associated with increase in amygdalar activity (r=0.56, p=0.0485),
arterial inflammation (r=0.59, p=0.0345), and C-reactive protein
(r=0.83, p=0.0210), which are risk factors of atherothrombosis

[13-16,1-5]. In the link of regional brain activity to subsequent
CVDs, amygdalar activity independently and robustly predicted
cardiovascular events [13]. Amygdalar activity is involved partly
via a pathway that includes increased bone-marrow activity
and arterial inflammation, which can be possibly modulated by
neuronal omega-3 fatty acids, coenzyme Q10, and flavonoids. These
findings provide novel insights into the mechanism through which
emotional stressors can lead to CVDs, including atherosclerosis in
human beings. The stress signaled in the amygdala is also linked to
increased bone marrow activity and to inflammation in the arteries,
leading to athero-thrombosis, which can cause heart attack and
stroke [4]. A plausible biological mechanism could be that the
amygdala triggers the bone marrow to produce extra white blood
cells and increased inflammation, which then predisposes the
arteries to develop atherosclerotic plaques, which can predispose
to athero-thrombosis, resulting in CVDs [4].

It has been proposed that repeated osteocyte activity in the
bones due to psychosocial stress, in particular when there is defi-
ciency of omega-3 fatty acids, calcium, magnesium and coenzyme
Q10, may predispose to inflammation, resulting in increased rate
and severity of osteoporosis (Personal communication, Kumar
Kartikey, Reema Singh and Sushav Singh) [1-3]. Western diet and
modern lifestyles characterized by late-night sleep and deprivation
of sleep can predispose to metabolic dysfunctions, resulting in in-
creased vulnerability to emotional stress, inflammation, and risk of
CVDs and diabetes [10-12]. Acute and chronic psychological stress,
including affective disorders, are also known as risk factors for
CVDs, which have been established from epidemiological, clinical
and experimental studies [1-4,13-15]. Chronic psychosocial stress
increases vulnerability to diet-related abdominal fat, oxidative
stress, and metabolic risk, which are known to predispose to the
triple burden of diseases [13,35]. Depression is a well-known risk
factor of CVDs and diabetes, and can increase the risk of mortality
[16-18].

Depression and other mental dysfunctions have made the
prevention of CVDs quite challenging, as mentioned in a scientific
statement of the International College of Cardiology [36]. Recent
evidence for low-grade systemic pro-inflammatory activity in
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patients with posttraumatic stress disorder has been also observed,
which may enhance arterial inflammation and plaque vulnerability,
resulting in atherothrombosis via plaque rupture or plaque erosion
[35].The above neuro-cardiac imaging markers should be used to
develop new therapies.

Physiological Imaging of Brain And Effects of Religious
Services?

The literature on religion and spirituality indicate their
influence on mental health showing that religious beliefs may
have some influence on health behavior and brain function [3,49-
51]. Examination of relationships with both positive and negative
mental health outcomes, where positive outcomes include well-
being, happiness, hope, optimism, and gratefulness have been
studied under guidance of the late Dr. Franz Halberg [52-54]. The
negative outcomes involve depression, suicide, anxiety, psychosis,
substance abuse, delinquency/criminality, marital instability, and
personality traits (positive and negative) are known to influence
heart rate and blood pressure, indicating that they may also
influence mental and physical health which may be protected
by improved spiritual health and global health [54-56].Chronic
variable mental dysfunction may activate the hematopoietic
system, in particular stem cells, which may have individual
differences in the peripheral immune system known to promote
resilience depending upon susceptibility to social stress [57,58].
The mental stress response of the individual may be modulated
by meditation, regular active prayer, and verbalization as well as
by breathing exercises and moderate physical activity [3]. A recent
cohort study by Li et al. included 74,534 participants with 13,537
reported deaths at follow-up [5]. There was an inverse association
of attendance at religious services and adverse health outcomes,
which may be due to CVDs and other chronic diseases that may be
influenced by poor mental health. However, the study may have a
few limitations in terms of generalization among other populations,
such as men versus women (eastern women more religious than
men) and subjects from various ethnicities with various religious

beliefs, some of which are acknowledged by the authors.

The above landmark study is a major contribution demon-
strating a favorable distribution of participants across the different
categories of attendance at religious services, from almost never
to more than once per week, with ample numbers for comparison
in each category [5]. Particular strengths of the study relate to the
large sample size and the excellent participation over time by the
enrolled women, and hence the ability to test for the temporal as-
sociation between the independent variables and the outcome var-
iable at multiple time points. Time-varying covariates to control for
confounding, especially by social support and functional status, are
also adequate. The results of the study may become confirmatory
if correlation of religious services with involvement of areas in the
brain and the underlying causes are studied by positron emission
tomography and functional magnetic resonance imaging. In a lon-

gitudinal retrospective study involving 103 subjects in which fMRI
study of brain was done, religion or spirituality, but not frequency
of attendance, was associated with thicker cortices in the left and
right parietal and occipital regions [51]. The mesial frontal lobe
of the right hemisphere, and the cuneus and pre-cuneus in the left
hemisphere were involved independent of familial risk.

The effects of importance on cortical thickness were
significantly stronger in the high-risk than in the low-risk group,
particularly along the mesial wall of the left hemisphere, in the same
region where we previously reported a significant thinner cortex
associated with a familial risk of developing depressive illness. It
is possible that an association of thickness in brain cortex with a
high importance of religion or spirituality may provide resilience
to the production of depression among subjects with family history
of major depression. This is possible due to expansion of cortical
reserve which inhibits the vulnerability posed by cortical thinning
predisposing familial depression [51]. New therapies targeting new
imaging markers should be used for advancement of therapies and
greater benefit to patients.

Influence of Circadian Clock in the Brain on Circadian
Rhythms

All the physiological functions and metabolism are under
influence of central circadian clock present in the supra-chiasmatic
nucleus, situated at the lateral hypothalamus of the brain. Circadian
patterns of cardiovascular vulnerability are well characterized, with
apeakincidence of acute myocardial infarction and stroke secondary
to atherothrombosis in the morning [59]. The circadian clock
may thus take part in the pathological process of atherosclerosis
induced by hyperlipidemia. Hyperlipidemia was shown to
alter both the rhythmicity and expression of circadian genes in
an atherosclerotic mouse model [59]. Diet-induced circadian
disruption may thus affect the process of atherosclerosis and
some acute cardiovascular consequences. Hypercholesterolemia
has been associated with impaired fibrinolysis due to enhanced
plasminogen activator inhibitor-1 (PAI-1) activity, which has also
been implicated in atherosclerosis [30]. PAI-1’s gene expression
is coordinated under the circadian clock gene in the mouse heart
and liver [60]. Although, hypercholesterolemia did not significantly
affect the circadian expression of clock genes (Per2 and Bmall) and
clock-controlled genes (Dbp and E4bp4) in the liver, it enhanced
the circadian rhythm of PAI-1 mRNA [30]. Restricted feeding for 4
hours during the day was shown to reset the gene expression of
Per2, PAI-1, Nr4A1, and TNFX [60]. The increased risk of acute
atherothrombotic events in the morning may thus be augmented
under conditions of hypercholesterolemia.

Intestinal circadian clock genes are synchronized by signals
emanating from the suprachiasmatic nuclei (SCN) and from other
environmental factors, such as food availability. In one study,
lipid absorption was shown to depend on circadian rhythms
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coordinating microsomal triglyceride transfer protein, apoAlV,
and nocturnin [61]. Disruptions in the sleep/wake cycle and
irregularities in temporal food intake induce undesirable changes
in intestinal function that predispose individuals to atherosclerosis
and also to various metabolic disorders such as the metabolic
syndrome, obesity, and diabetes [61]. Further evidence suggests
that melatonin, a hormone produced primarily in the pineal, has
positive effects on the cardiovascular system, which is modulated
by the SCN [62]. For instance, patients with coronary artery disease
have a low melatonin production rate [62]. Vascular melatoninergic
receptors are thought to be functionally linked to vasoconstrictor
or vasodilatory effects of melatonin. Melatonin may attenuate
molecular and cellular damages resulting from cardiac ischemia/
reperfusion in which destructive free radicals are involved. Anti-
inflammatory and antioxidative properties of melatonin are also
believed to be involved in the protection against atherosclerosis
[62].

The brain helps us cope with adverse situations, influencing the
activity of the adaptive endocrine, nervous and immune systems
[63]. In the physiological response, hormones involved in the
hypothalamic-pituitary-adrenal (HPA) network and their receptors
are eminently circadian periodic, cortisol in particular [64,65]. The
central role is played by hippocampus as an important connection
between cortex and hypothalamus, in conjunction with the SCN,
coordinating the cortisol rhythm [63], with modulation by the
pituitary and the pineal by feed sideward mechanisms [64,65].
Hyperactivity of the HPA network is a feature that can be present
in chronic conditions, including atherosclerosis. Martocchia et
al. [63] proposed that the different molecules interacting at the
different sites of the HPA network, including agents acting on the
SCN, offer novel therapeutic strategies to counteract hyperactivity
of the HPA network in order to reduce the burden of disorders
related to excessive loads, including atherosclerosis. In a cohort
study, 114 adult offspring of depressed and nondepressed parents,
were followed longitudinally for 20 years [66]. The effect was
most pronounced among offspring at high risk for depression by
virtue of having a depressed parent. Offspring who reported at
year 10 that religion or spirituality was highly important to them,
had about one-fourth the risk of experiencing major depression
between years 10 and 20 compared with other participants. The
protective effect was found primarily against recurrence rather
than onset of depression. It is possible that a high self-report rating
of the importance of religion or spirituality may have a protective
effect against recurrence of depression, particularly in adults with

a history of parental depression [66].

In another study, thicker cortex was associated with a high
importance of religion or spirituality, which may confer resilience to
the development of depressive illness in individuals at high familial
risk for major depression. This may be possible by expanding a
cortical reserve that counters to some extent the vulnerability that
cortical thinning poses for developing familial depressive illness

[67,68]. There is a diminished production of melatonin at the very
early stages of memory dysfunction [69]. The role of melatonin
in the restorative value of sleep and its sleep-anticipating effects
resulting in attenuated activation of certain brain networks are
gaining a new perspective [69]. The role of poor sleep quality in
the development of § amyloid, particularly in the precuneus,
is unravelled. More recently discovered relationship between
circadian clock, sleep and neurodegeneration, indicate the use of
melatonin for early intervention, to promote healthy physical and
mental ageing. The sleep-wake cycle is the most overt circadian
rhythm. Sleep is an orchestrated neurochemical process involving
sleep-promoting and arousal centers in the brain.

Sleep appear to have a major role in the restoration of
brain energy, in the switching off of external inputs and off-line
processing of information acquired during wake, in the facilitation
of the plasticity of cerebral changes that underlie learning,
memory consolidation and extinction, and in the activation of
the recently discovered lymphatic system that is responsible for
brain metabolite clearance. These functions are critical for brain
development, physical and mental health, and the maintenance
of cognitive functions culminating in a sense of well-being and
daytime vigilance. A study using PET, compared the differences
in the brain glucose metabolism between morning and evening
acquisitions, showing decreased metabolism at the cortical level in
the temporal and occipital lobes [69].The evening quiet wakefulness
was associated with greater metabolism in hypothalamic and
brainstem structures, compared to morning. This finding putatively
encompassed multiple sleep/wake or arousal promoting nuclei
[70]. fMRI data obtained in resting state, found alterations in
functional connectivity between the medial temporal lobe (MTL)
and other areas in the brain that were observed in the morning and
evening [70].

The local areas in the morning were functionally connected
with bilateral MTL regions. However, the connectivity of these
regions spreaded cortically in the evening, in multiple brain areas
considered important for memory function. These results indicate
that chronotherapy using new imaging markers can be used to
develop new therapies in the treatment of diseases. Functional
imaging studies of sleep deprivation have characterized its effects
on a number of cognitive domains, the best studied of these being
working memory [69,70]. There is a growing appreciation that it is
important to consider inter-individual differences in vulnerability
to sleep deprivation, task and task difficulty when interpreting
imaging results. Our understanding of the role of sleep and the
dynamic evolution of offline memory consolidation has benefited
greatly from human imaging studies. Most prominently, bilateral
medial temporal regions were locally connected in the morning
but in the evening exhibited strong correlations with frontal
and parietal brain regions involved in memory retrieval. Both
hippocampal-dependent and hippocampal-independent memory
systems have been studied.
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Functional imaging studies contrasting sleep-deprived and
well-rested brains provide substantial evidence that sleep is
highly important for optimal cognitive function and learning. The
experimental paradigms developed to date merit evaluation in
clinical settings to determine the impact of sleep disruption in
sleep disorders. It is proposed, that circadian alterations in blood
pressures and heart rate as well as in other physiological functions
can be observed in brains SCN and lateral hypothalamus [71-74].
It seems that the influence of environment and religious services
on neuro-cardiac systems can be examined by imaging studies to
find new targets of therapies [75-77]. Since treating osteoporosis
by bisphosphonates also modulate brain as well as CVDs, it appears
that these agents provide benefit, at least in part via modulating
new imaging markers of osteoporosis, atherosclerosis and brain
degeneration which can be observed by new technologies of
imaging [78-82].

Conclusion

In brief, fMRI which is a novel technology, may reveal altered
structural as well as functional changes in the prefrontal-temporal
communication by using diffusion tensor imaging (DTI) which
provide evidence indicating myelin loss of white matter in
schizophrenia. fMRI tracks several areas in the brain, in particular
the amygdala and hypothalamus which are under the influence
of psychosocial stress, including depression, that may predispose
systemic inflammation, resulting in arterial inflammation and, in
turn, atherosclerosis. fMRI studies indicate that the sleep quality
appears to be under control of hippocampus. The effects of brain
and body dysfunction appears to be bidirectional. In PET imaging,
compared to the morning, evening quiet wakefulness may be related
to greater rise in metabolism in hypothalamus and structures
in the brain stem. This finding, putatively encompasses multiple
nuclei concerned with sleep/wake or arousal. The changes and
differences in functional connectivity measurements, between the
medial temporal lobe and the rest of the brain were obtained in the
morning and evening via fMRI studies. It is possible that religious
services may be protective due to its association with thickening of
the cortex in the brain. New therapies may be developed by using
new neuroimaging markers via new technologies, for advancement
of therapy of both psychological disorders as well as CVDs.
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