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CHAPTER 8

GENERAL DISCUSSION AND
FUTURE PERSPECTIVES




Chapter 8

Discussion

In this thesis, the current knowledge on the heart-brain connection was extended by
providing further evidence for potential mechanisms linking suboptimal cardiac function with
cognitive impairment and functional decline. Another important aspect of this thesis is the
preliminary results on the role of cardiac hormones in cognitive impairment, indicating a
complex interplay between the heart and the brain that might extend beyond vascular
factors. This chapter reviews the key findings of this thesis, discusses them in the context of

current knowledge and provides perspectives for future research.

ECG-derived Markers of Cardiac Dysfunction, Cognitive Impairment and

Functional Decline

Cardiac autonomic dysfunction as reflected in heart rate and heart rate variability

Elevated heart rate and reduced heart rate variability are markers of cardiac autonomic
dysfunction®. These markers reflect failure of the autonomic nervous system in regulation of
cardiovascular homeostasis?. The prognostic importance of high heart rate and low heart
rate variability have been demonstrated for a wide range of pathogenic states and for
mortality. For example, low heart rate variability has been linked to inflammation?, insulin
resistance* and cardiovascular factors> ; and high heart rate has been related to
atherosclerosis and endothelial dysfunction®. Interestingly, it has been hypothesized that
high heart rate and low heart rate variability are potential markers of frailty and functional
decline’. One potential mechanism linking these markers with functional decline might be
through the detrimental effect of cardiovascular factors on both cardiac autonomic control
and functional status> 8. In Chapter 2, we show that higher heart rate and lower heart rate
variability are directly linked with higher risk of functional decline independent of
cardiovascular risk factors and comorbidities. These findings highlight the link between

cardiac autonomic imbalance and development of functional decline in future, even in
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subjects with preserved functional status at baseline. In this setting, future research should
determine whether interventions aimed at preservation of cardiac autonomic control are
beneficial for functional status. In Chapter 3, we tested whether cardiac autonomic
dysfunction —as measured by heart rate variability — also relates to cognitive decline in older
subjects. Chapter 3 shows that lower heart rate variability associates with worse
performance and steeper decline in executive function of older subjects at high
cardiovascular risk. Our findings indicate a direct link between low heart rate variability and
accelerated cognitive decline, independent of several cardiovascular risk factors, co-
morbidities and medication use. The observed direct link between low heart rate variability
and cognitive decline might be attributed to a chronic failure of the autonomic nervous
system in sustaining adequate cerebral perfusion®. A long lasting cerebral hypo-perfusion
may in turn hamper the neurovascular integrity of the brain and contribute to brain
functional decline®. On the other hand, given that low heart rate variability was mainly
associated with decline in executive function, the potential mediating effect of unmeasured
vascular factors needs to be further addressed in future research. Nevertheless, our findings
points toward a potential role of cardiac autonomic disturbance in accelerated cognitive

brain ageing and functional decline in older subjects.
Cardiac structural changes as reflected in left ventricular hypertrophy

Cerebral blood flow provides the brain with an adequate and constant supply of oxygen and
nutrients. Long-term cerebral hypo-perfusion has been shown to negatively affect the
structural and functional integrity of the brain in animals?. In humans, the effect of cerebral
hypo-perfusion on the brain has been frequently studied in congestive heart failure
patients®3. Patients with advanced heart failure have around 30% lower cerebral blood flow
compared to normal healthy subjects!*. Furthermore, cognitive impairment, memory
problems and confusion are common in heart failure patients!®. Recent studies suggest that
not only heart failure, but also a graded decrease in cardiac functioning associates with
features of brain ageing'®. It was shown that each unit lower cardiac output associates with

3.9 mL lower total brain volume and grey matter volume?’. In addition, cardiac index (cardiac
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output/body mass surface) was shown to positively correlate with total brain volume and
information processing speed, while it was negatively correlated with lateral ventricular
volume®®, Whether subjects with a suboptimal cardiac function free of heart failure are at
increased risk of dementia is yet to be determined. In Chapter 4, we show that left ventricular
hypertrophy measured from 12-lead ECG recordings associates with accelerated cognitive
decline, even in subjects free of heart failure. While the effect of cardiovascular factors and
cognitive impairment has been mainly attributed to a sequence of pathologic events®®, we
provided evidence on the direct link between cardiac dysfunction and cognitive impairment
independent of cardiovascular risk factors and co-morbidities. These findings shed light on
the potential role of early structural changes in the heart — as reflected in left ventricular
hypertrophy — in development of cognitive impairment. The complex mechanism(s)
underlying these associations, however, needs to be further studied to allow for the

development of targeted treatment strategies in future.

Cardiac electrical abnormality as reflected in spatial QRS-T angle

Growing evidence indicates that cardiac electrical abnormalities are linked with future risk of
cerebrovascular accidents?®. In fact, ECG markers such as pathologic Q waves and QRS/QT

2022 |n addition, ventricular

duration have emerged as potential predictors of stroke
depolarization abnormality — as reflected in abnormal Q-waves —has been related to a higher
load of cerebral small vessel disease?®. A well-established tool for characterization of cardiac
electrical changes is the spatial QRS-T angle?*. The power of spatial QRS-T lies in its ability to
assess ventricular repolarization abnormalities secondary to depolarization changes®.
Particularly, a widened spatial QRS-T angle reflects greater heterogeneity of cardiac electrical
activity due to either distortion of cardiac ionic channels or micro-myocardial damage that
distorts the spread of electrical forces through the myocardium?®. The prognostic utility of
wide spatial QRS-T angle has been shown in a variety of pathologic states such as ventricular
arrhythmias, sudden cardiac death and cardiovascular mortality?*. On the other hand, an

abnormally wide QRS-T angle >90° has been associated with ischemic stroke?’. In Chapter 5

of this thesis, a wider spatial QRS-T angle was found to associate with accelerated decline in
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executive and memory function of older subjects at high cardiovascular risk. The observed
association was independent of cardiovascular diseases, occurrence of cardiovascular events
during follow-up, medication use and other ECG markers of cardiac electrical abnormality.
Therefore, we postulated that localized pathologic changes in the heart as reflected in wide
spatial QRS-T angle may result in subtle hemodynamic disturbances?*. These hemodynamic
disturbances may in turn contribute to cerebral small vessel disease and ultimately
parenchymal brain damage and cognitive impairment?® 2°. These findings extend the current
knowledge on the heart-brain connection by showing a link between subtle alterations in the
electrical activity of the heart and accelerated cognitive decline in old age. In this setting,
effective characterization of cardiac electrical abnormalities may provide a deeper
understanding of the pathologic pathways connecting cardiac dysfunction with accelerated

cognitive decline.

Neuro-hormonal Aspects of the Heart-Brain Connection: Beyond Vascular

Factors

The physiological connection between the heart and the brain comprises a complex
interaction of vascular, neuronal and hormonal factors'® 3. Nevertheless, studies of the
heart-brain connection have mostly focused on vascular factors and there is limited research
on the effect of hormonal mediators. Natriuretic peptides have long been known as cardiac
hormones that are released into the systemic circulation in response to cardiac wall stretch
and systemic overload3!. Growing evidence, however, indicates that natriuretic peptides are
not only present in the systemic circulation, but are also abundant in the central nervous
system?2. In fact, animal studies showed that natriuretic peptides are locally expressed in the
central nervous system and their receptors are located in numerous regions of the brain®,
These remarkable findings have opened a new area of research focusing on the biological
roles of natriuretic peptides in the central nervous system of animals and humans*. In

Chapter 6 of this thesis, we provided a comprehensive overview of the existing literature on
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the role of natriuretic peptides in the central nervous system of animal species and human
subjects. The available biological and clinical evidence points toward the essential
involvement of natriuretic peptides in multiple key functions of the brain including
inflammation and oxidative stress, synaptic transmission, brain fluid homeostasis and the
stress response of the central nervous system through the hypothalamus-pituitary-adrenal
axis**3*. Furthermore, we postulated a cross-talk between central and systemic levels of
natriuretic peptides such that increased levels of natriuretic peptides in the systemic
circulation might result in reduced action of central natriuretic peptides®. Finally, given the
involvement of natriuretic peptides in several key pathways that are also disturbed during

3236 we hypothesized that natriuretic peptides could be

the course of cognitive impairmen
novel markers for diagnosis and/or treatment of cognitive impairment. To substantiate this
hypothesis, in Chapter 7 we performed pilot experiments using the post-mortem human
tissue and cerebrospinal fluid of non-demented controls and Alzheimer’s disease human
subjects. Given the limited evidence on the gene expression and localization of natriuretic
peptides in the brain of human subjects, we first provided detailed cellular mapping of
natriuretic peptides and their receptors in the brain of non-demented controls, as well as of
their gene expression in the brain of healthy humans. Our results indicate the presence of
natriuretic peptides and their receptors in various neuronal structures such as neuronal
cytoplasm, neuronal processes and Nissl bodies. Furthermore, we showed that natriuretic
peptides and their receptors are abundantly present in cerebral leptomeningeal and cerebral
parenchymal vessels. We also demonstrated the gene expression of natriuretic peptides and
their receptors in the central nervous system of healthy human subjects indicating the local
production of natriuretic peptides in the brain. Taken together, these findings provide further
evidence on the biological importance of natriuretic peptides in the central nervous system
of human subjects. In particular, our findings of presence of natriuretic peptides in both
neuronal and cerebral vessels suggest a potential role of natriuretic peptides in regulation of
the blood-brain barrier integrity and/or neurovascular coupling. When comparing between
controls and Alzheimer’s disease patients, we showed that the level of natriuretic peptide

receptor type A (NPR-A) is higher in the brain of Alzheimer’s disease patients, while its ligand
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— natriuretic peptide type B —is decreased in the cerebrospinal fluid of Alzheimer’s disease
patients. This is consistent with our earlier provided hypothesis indicating up-regulation of
NPR-A which might occur in response to decreased natriuretic peptides activity in the brain®.
An increased understanding of the complex role of natriuretic peptides in the brain of human
subjects is needed to further disentangle the potential involvement of natriuretic peptides

in cognitive impairment.

Conclusions and Future perspectives

The demographic shift in the life expectancy of the populations worldwide has resulted in a
rapid rise of seniors with multiple age-related medical conditions®’. Cognitive impairment
and functional disability are prevalent disorders of old age®. Nevertheless, current strategies
in reducing the progression of cognitive impairment and functional decline have been largely
unsuccessful®®. Therefore, there is an urgent need for identification of effective risk factors
in an early stage®®. The findings from Chapter 2, 3, 4 and 5 of this thesis points toward a direct
link of suboptimal cardiac dysfunction — as detected by ECG — with cognitive impairment and
functional decline in old age. In particular, we show that cardiac autonomic dysfunction,
cardiac structural changes and subtle cardiac electrical abnormalities may contribute to
accelerated cognitive decline. Moreover, we show that cardiac autonomic dysfunction also
relates to a higher risk of functional decline in older subjects. The findings from this thesis
are timely given the growing research and awareness on the role of cardiovascular
pathologies in relation to cognitive brain ageing and functional decline*!. As such, detection
of cardiac changes in an early stage prior to manifestation of overt cardiovascular diseases
may provide effective strategies in risk stratification of subjects at increased risk of
dementia?®. In line with this, several ECG-markers of cardiac dysfunction such as left
ventricular hypertrophy and atrial fibrillation have already been implemented in risk
stratification of stroke patients?® 4. Whether such markers provide accurate prognostic

information for subjects at increased risk of cognitive impairment and functional decline is a
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matter of future research. Furthermore, we performed our analyses using a well-established
cohort of older subjects at high risk for cardiovascular diseases*. Although cardiovascular
diseases are common in old age, the generalizability of our findings to healthy elderly
subjects should be determined in future research. On the other hand, the observational
nature of our studies does not imply causality. Therefore, future intervention strategies are
needed to determine the effect of improved cardiac hemodynamic in decelerating the peace

of cognitive and functional decline.

Another important aspect of this thesis is the hypothesis proposed along with
preliminary findings about the potential role of natriuretic peptides in cognitive impairment
as presented in Chapters 6 and 7. We proposed natriuretic peptides as novel markers for
cognitive impairment and provided indications about their local production in the brain of
human subjects. Importantly, our results extend the findings from animal studies® 34 to
human subjects and provides evidence on the abundant distribution and localization of the
natriuretic peptide family in the brain of human subjects. On the basis of our findings, we
also postulate a potential up-regulation of natriuretic peptide receptors in the brain of
Alzheimer’s disease patients. It is important to mention that the biological role of natriuretic
peptides in the brain of human subjects is largely unexplored and therefore remains mostly
unknown?2. Therefore, it is critical to carry out more research in unrevealing the biological
pathways that are critical for functioning of natriuretic peptides in the human brain. On the
other hand, while our findings are based on post-mortem experiments, future research
should focus on exploring the implication of our findings in vivo. Given our findings about the
abundant distribution of natriuretic peptides in the vascular structures, research aiming at
unravelling the potential contribution of natriuretic peptides in regulation of blood-brain
barrier integrity and/or neurovascular coupling is needed. Finally, we should keep in mind
that the brain is a complex organ and multiple pathways act together to maintain the
structural and functional integrity of the brain®”4* This extraordinary level of complexity calls
for more sophisticated approaches for a deeper understanding of the mechanisms

underlying neurodegenerative disorders in the brain.
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