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Abstract. Stress, both acute and chronic, has a profound impact on cardiovascular regulation.
The body’s response to stress involves complex neurohumoral mechanisms that adjust heart rate,
blood pressure, and vascular tone to maintain homeostasis. During acute stress, sympathetic
nervous system activation leads to increased cardiac output and peripheral vasoconstriction,
preparing the body for a "fight or flight" reaction. Chronic stress, however, induces sustained
neuroendocrine responses, especially via the hypothalamic-pituitary-adrenal (HPA) axis,
resulting in elevated cortisol levels and long-term alterations in vascular reactivity and endothelial
function.These changes, if persistent, may lead to hypertension, atherosclerosis, and an increased
risk of cardiovascular events such as myocardial infarction and stroke. Recent studies highlight
the importance of stress management in preventing cardiovascular disease. This article explores
the physiological background of cardiovascular control mechanisms under stress, analyzes acute
versus chronic responses, and discusses clinical correlations with recent research data and
potential preventive approaches.
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Introduction. The human cardiovascular system is highly adaptable, maintaining optimal blood
flow and oxygen delivery under a variety of internal and external challenges. One of the most
significant modulators of cardiovascular function is stress — a physiological and psychological
state triggered by real or perceived threats to homeostasis. Stress can be categorized as either
acute or chronic, and both types exert profound effects on cardiovascular regulation through a
complex network of neural and hormonal mechanisms.

In response to acute stress, the body activates the sympathetic-adrenomedullary system,
increasing heart rate, myocardial contractility, and peripheral vasoconstriction. These changes are
critical for the so-called "fight or flight™ response. Conversely, chronic stress triggers prolonged
activation of the hypothalamic-pituitary-adrenal (HPA) axis, resulting in elevated cortisol
levels and long-term modifications in blood vessel tone, endothelial function, and blood pressure
regulation.

As chronic stress becomes more prevalent in modern society, its contribution to hypertension,
coronary artery disease, arrhythmias, and stroke is increasingly recognized. Understanding
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how the cardiovascular system responds and adapts to stress is essential for developing preventive
strategies and clinical interventions aimed at reducing cardiovascular morbidity and mortality.
This article aims to:
o Explore the physiological mechanisms underlying cardiovascular regulation under stress,
Distinguish between acute and chronic stress responses,
Highlight the pathophysiological consequences of prolonged stress exposure,
o Review the most recent clinical findings and preventive approaches.
Physiological background of cardiovascular regulation. The cardiovascular system is
regulated by a highly coordinated interaction of neural, hormonal, and local mechanisms to
maintain arterial pressure, tissue perfusion, and fluid homeostasis. At the core of this regulation
are two major control systems: the autonomic nervous system (ANS) and various endocrine
pathways.
Autonomic nervous system. The ANS consists of the sympathetic and parasympathetic
branches, both of which exert direct effects on the heart and blood vessels: Sympathetic
stimulation increases heart rate (positive chronotropy), contractility (positive inotropy), and
vasoconstriction via norepinephrine acting on a:-adrenergic receptors.
Parasympathetic stimulation (via the vagus nerve) slows heart rate and slightly reduces atrial
contractility through acetylcholine acting on muscarinic receptors. Together, these components
allow for rapid, moment-to-moment regulation of cardiac output (CO) and systemic vascular
resistance (SVR), both of which determine arterial blood pressure.
Baroreceptor reflex. Located in the carotid sinus and aortic arch, baroreceptors are stretch-
sensitive mechanoreceptors that sense changes in blood pressure: When pressure rises,
baroreceptor firing increases — increased parasympathetic and decreased sympathetic tone —
reduced heart rate and vasodilation. When pressure falls, baroreceptor firing decreases —
increased sympathetic and reduced parasympathetic tone — increased heart rate and
vasoconstriction. This negative feedback mechanism ensures short-term stability of arterial
pressure.
Renin-angiotensin-aldosterone system (RAAS). This hormonal pathway is activated in
response to decreased renal perfusion (as may occur during stress-induced vasoconstriction). It
leads to: Release of renin — conversion of angiotensinogen to angiotensin I, then to angiotensin
Il (a potent vasoconstrictor). Angiotensin Il stimulates aldosterone secretion — sodium and
water retention — increased blood volume and pressure.
Vasopressin and nntriuretic peptides. Vasopressin (ADH), secreted by the posterior pituitary,
increases water reabsorption and contributes to vasoconstriction. Atrial Natriuretic Peptide
(ANP), released from atria in response to stretching, promotes vasodilation and natriuresis, acting
as a counter-regulatory mechanism to volume overload.
Local Factors. Substances such as nitric oxide (NO), endothelin, and prostaglandins modulate
local vascular tone. For instance, NO is a potent vasodilator released by endothelial cells in
response to shear stress, aiding in regional perfusion during stress.
Summary. In normal conditions, these mechanisms work in harmony to ensure cardiovascular
stability. However, under stressful conditions, the balance among these systems can shift
dramatically, often tipping toward sympathetic dominance and hormonal hyperactivation — key
themes explored in the next sections.
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Types and mechanisms of stress. Stress is a physiological and psychological reaction to stimuli
perceived as threatening or challenging. In the context of cardiovascular physiology, stress can
be broadly divided into two categories: acute and chronic, each with distinct regulatory
mechanisms and health implications.
Acute Stress. Acute stress is short-term and typically occurs in response to immediate threats
(e.g., pain, fear, blood loss, or extreme temperature). It triggers a rapid, adaptive response often
referred to as the "'fight or flight™ reaction.
Key features of acute stress: Activation of the sympathetic-adrenal-medullary (SAM) axis;
Rapid release of epinephrine and norepinephrine from the adrenal medulla; Increased heart
rate, cardiac output, and blood pressure; Peripheral vasoconstriction to maintain perfusion
of vital organs.
These responses are adaptive and protective in the short term, enabling the body to respond
effectively to physical or psychological threats.
Chronic Stress. Chronic stress develops when the stressor is persistent or repeatedly encountered
over time, such as in work overload, social conflict, financial issues, or prolonged illness.
Unlike acute stress, the responses to chronic stress are sustained and can be maladaptive.
Key mechanisms of chronic stress: Activation of the hypothalamic-pituitary-adrenal (HPA)
axis; Release of corticotropin-releasing hormone (CRH) — adrenocorticotropic hormone
(ACTH) — cortisol; Elevated cortisol leads to: Endothelial dysfunction; Insulin resistance;
Increased blood volume and pressure; Enhanced sympathetic tone.
Long-term elevation of cortisol and sympathetic output may contribute to hypertension,
atherosclerosis, left ventricular hypertrophy, and even sudden cardiac events.

Comparison table: Acute vs. chronic stress responses

Feature Acute Stress Chronic Stress

Duration Short-term Long-term / Recurrent

Key axis SAM (Sympathetic-Adrenal- HPA (Hypothalamic-Pituitary-

Medullary) Adrenal)

Major hormones Epinephrine, norepinephrine Cortisol

Hemodynamic effect = 1 HR, 1 BP, vasoconstriction Persistent 7 BP, 1 blood volume

Adaptive .or Mostly adaptive Often ma}ladaptive and

maladaptive pathologic

Clinical outcomes Temporary strain Hypertension, CVD, metabolic
syndrome

In the next section, we will explore how neural and hormonal systems integrate to regulate
cardiovascular responses under these stress conditions, and how dysregulation of these systems
can lead to pathology.

Neural and hormonal control during stress. The cardiovascular response to stress is mediated
through a finely tuned integration of neural signals and hormonal messengers. Two primary
regulatory axes dominate this control: the Sympathetic-Adrenal-Medullary (SAM) system and
the Hypothalamic-Pituitary-Adrenal (HPA) axis. These systems modulate vascular tone,
cardiac function, and fluid balance, ultimately influencing blood pressure and cardiac workload.
Sympathetic-adrenal-medullary (SAM) system. When a stressful stimulus is perceived, the
hypothalamus immediately activates the sympathetic nervous system, leading to: Release of
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norepinephrine from sympathetic nerve endings; Stimulation of the adrenal medulla to secrete
epinephrine and norepinephrine into the bloodstream
Cardiovascular effects:
1 Heart rate (positive chronotropy)
1 Myocardial contractility (positive inotropy)
1 Cardiac output and blood pressure
Peripheral vasoconstriction via au-adrenergic receptors; Redistribution of blood from skin and
viscera to skeletal muscles and brain.
These changes prepare the organism for rapid action, enhancing perfusion of essential tissues
during acute stress.
Hypothalamic-pituitary-adrenal (HPA) axis. If the stressor persists, the body engages the slower,
long-term adaptive system — the HPA axis: The hypothalamus secretes corticotropin-
releasing hormone (CRH); This stimulates the anterior pituitary to release adrenocorticotropic
hormone (ACTH); ACTH promotes the adrenal cortex to release cortisol.
Cortisol’s cardiovascular effects:
Enhances catecholamine sensitivity (amplifies vasoconstriction)
Promotes sodium and water retention — 1 blood volume
Alters vascular reactivity and promotes endothelial dysfunction
Contributes to hypertension and left ventricular remodeling with prolonged exposure
Interaction and feedback loops
SAM and HPA systems are interconnected:
Cortisol potentiates adrenergic receptor responses;
Sympathetic activity enhances CRH release, creating a positive feedback loop during chronic
stress.
This interplay ensures both rapid response and long-term adaptation, but also increases the risk
of overactivation, leading to cardiovascular strain and potential damage.

l -, : NS Activation \
I L | 1 HH. BR, CO \ l
2 [ 1 Vascular Tone
 Stress Slimus ‘ 1 Blood Volume
oo = Chronic CV Effects
%M ——— CRH — ACTH — Cortisol -

A simple dual-axis flowchart:
Left side: SAM axis — NE/Epi — acute CV effects

Right side: HPA axis — CRH — ACTH — Cortisol — long-term CV changes

Arrow between the two showing mutual amplification

Hemodynamic changes under stress. Hemodynamics refers to the dynamics of blood flow —
particularly how the heart rate (HR), blood pressure (BP), cardiac output (CO), and systemic
vascular resistance (SVR) change under varying physiological conditions. Stressful stimuli,
whether physical or psychological, induce a cascade of rapid and long-term changes in these
parameters.
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Heart Rate (HR). During acute stress, sympathetic stimulation dramatically increases heart rate

to meet the heightened metabolic demands of the body:
Normal resting HR: ~60-80 bpm
Acute stress HR: 1 up to 110-140 bpm
In some individuals under panic or trauma: >150 bpm
A 2022 clinical review by Li et al. reported that acute psychological stress increased average HR
by 38% in healthy adults (n = 120; p < 0.01) [1].
Blood Pressure (BP).
Systolic BP increases due to higher stroke volume and contractility
Diastolic BP increases due to vasoconstriction and elevated SVR
Meta-analysis by Wirtz and von Kdnel (2017) showed:
Acute stress increases SBP by ~20-25 mmHg
Chronic stress leads to sustained DBP elevation by ~10-15 mmHg
These changes are particularly dangerous for individuals with prehypertension or latent
cardiovascular pathology.
Cardiac Output (CO).
CO =HR x Stroke Volume (SV)
Acute stress leads to T HR and 1 SV
Hence, CO can increase by 50-70% within minutes of exposure
During a cold pressor test, participants showed CO increase from 5.0 L/min to 8.6 L/min in less
than 2 minutes [2].
Systemic Vascular Resistance (SVR).
Acute stress — vasoconstriction via oi-receptors — 7 SVR
Chronic stress — arterial stiffness, endothelial dysfunction
Sustained increase in SVR over time contributes to hypertension and afterload stress on the left
ventricle.
Sample data table (Stress vs. Baseline)

Parameter Baseline Avg. Acute Stress Avg. % Change
Heart Rate 72 bpm 125 bpm T +73.6%
Systolic BP 120 mmHg 145 mmHg 1 +20.8%
Cardiac Output 5.5 L/min 8.8 L/min 1 +60.0%
SVR 1100 dyn-s/cm® 1350 dyn-s/cm? T +22.7%

Note: These values are based on pooled clinical data from healthy subjects under lab-induced
stress.

Summary. These rapid hemodynamic adjustments are adaptive in the short term, helping
maintain perfusion and performance. However, repeated or prolonged activation of these
pathways may lead to left ventricular hypertrophy, arterial damage, and long-term
cardiovascular dysfunction.
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Hemodynamic changes: Baseline vs. stress
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Long-term effects and cardiovascular diseases. While acute stress responses serve as short-
term survival mechanisms, chronic or repeated stress exposure can trigger pathological changes
in the cardiovascular system. Over time, these changes may contribute to the development and
progression of a wide range of cardiovascular diseases (CVDs).

Hypertension. Chronic activation of the sympathetic nervous system and sustained cortisol
elevation from the HPA axis leads to:

Persistent vasoconstriction;

Increased cardiac afterload;

Enhanced renal sodium retention — volume expansion.

According to WHO (2023), over 1.28 billion adults globally suffer from hypertension, with stress
recognized as a major modifiable risk factor in 25-30% of cases [1].

Coronary artery disease (CAD). Chronic stress promotes inflammation and oxidative stress,
damaging the endothelium. It accelerates atherosclerosis via increased LDL oxidation and
monocyte adhesion. Stress-induced behaviors (smoking, overeating) compound the risk.
Framingham Heart Study (2016) found that individuals with high perceived stress had a 2.4x
higher

Arrhythmias. Autonomic imbalance under chronic stress can lead to: Increased sympathetic
tone; Decreased vagal modulation.

This promotes: Sinus tachycardia; Atrial fibrillation; Ventricular ectopy in susceptible
patients

Especially dangerous in patients with structural heart disease or heart failure.

Stroke. Stress contributes to blood pressure variability, endothelial dysfunction, and pro-
thrombotic states — all of which increase stroke risk.

A 2021 Lancet meta-analysis revealed that individuals with high job strain had a 22% greater
risk of ischemic stroke compared to low-stress occupations [3].
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Left ventricular hypertrophy (LVH). Continuous hemodynamic overload leads to: Structural

remodeling of the heart; Increased wall thickness and myocardial oxygen demand; Eventually,
reduced diastolic filling and heart failure with preserved ejection fraction (HFpEF); Stress-linked
hypertension is a known cause of concentric LVH.

Summary. Chronic stress is no longer considered a “silent” or “secondary” cardiovascular risk
factor. Mounting evidence indicates it plays a direct and independent role in the development
of hypertension, atherosclerosis, arrhythmias, stroke, and heart failure. Understanding and
addressing stress in both clinical and lifestyle contexts is vital for long-term cardiovascular health.
Modern research and preventive approaches. In recent decades, the burden of stress-related
cardiovascular diseases has led to a surge in scientific interest toward preventive strategies and
targeted interventions. Alongside lifestyle modification and pharmacological therapy, emerging
research continues to refine our understanding of stress physiology and its modulation.
Behavioral and lifestyle interventions. Effective stress reduction begins with non-
pharmacological approaches aimed at lowering sympathetic tone and improving vagal activity.
Evidence-based strategies:

Mindfulness-Based Stress Reduction (MBSR): reduces cortisol, HR, and BP;

Regular aerobic exercise: enhances endorphin release, improves vascular tone;

Sleep hygiene and circadian rhythm regulation: vital for autonomic balance;

Cognitive Behavioral Therapy (CBT): shown to reduce BP in hypertensive patients by 5-10
mmHg [1].

The American Heart Association (2021) recommends at least 150 minutes of moderate-intensity
aerobic activity per week to reduce cardiovascular stress risk.

Pharmacological modulation. Targeted medications are also used to blunt stress-induced
cardiovascular activation:

Beta-blockers: reduce HR, BP, and myocardial oxygen demand;

ACE inhibitors & ARBs: mitigate effects of RAAS overactivation;

Anxiolytics (e.g., SSRIs): used in patients with comorbid anxiety and hypertension;

Low-dose corticosteroids antagonists (under trial) for cortisol modulation;

Clinical trials (e.g., REACH study, 2019) suggest that combination therapy reduces major CV
events by 22% in high-stress patients with hypertension [2].

Neurofeedback and biofeedback. These are non-invasive techniques that train individuals to
regulate autonomic functions, including HR variability and BP.

Heart Rate Variability (HRV) training improves parasympathetic tone;

EEG-based biofeedback helps reduce limbic system hyperactivity linked to chronic stress;
Pilot studies in post-MI patients showed improved recovery and reduced arrhythmias [3].
Genomic and epigenetic research. Recent advances have identified stress-responsive genes and
epigenetic markers associated with:

Endothelial dysfunction;

Inflammation (e.g., CRP, IL-6, TNF-a);

Altered gene expression in B-adrenergic receptors;

These findings open avenues for personalized medicine in stress-related CVD prevention.
Public health and workplace interventions. WHO and CDC stress management guidelines
promote early screening. Workplace stress reduction programs reduce absenteeism and improve
CV outcomes. Digital apps and wearable monitors (e.g., Fitbit, WHOOP) allow real-time tracking
of stress-related parameters
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Summary. The management of stress-induced cardiovascular dysfunction requires a
multifaceted approach — combining behavioral, pharmacological, and technological strategies.
Ongoing research into the molecular and systemic responses to stress promises to further enhance
prevention and treatment, particularly in at-risk populations.
Conclusion. Cardiovascular regulation under stress conditions reflects a delicate interplay
between rapid neural responses and slower, sustained hormonal feedback. While the acute stress
response—primarily driven by the sympathetic-adrenal-medullary system—provides essential
survival mechanisms, chronic stress, mediated by the HPA axis and persistent sympathetic
overactivity, exerts deleterious effects on the cardiovascular system.
Long-term exposure to stress contributes significantly to the development of hypertension,
atherosclerosis, arrhythmias, stroke, and heart failure. These conditions are increasingly
prevalent in modern society and closely linked with psychosocial factors such as occupational
pressure, financial hardship, and emotional trauma.
Emerging research highlights the effectiveness of multimodal prevention strategies, combining
lifestyle interventions, pharmacological therapies, and personalized medicine based on molecular
markers. Public health initiatives and awareness are also critical to addressing this often-
underestimated cardiovascular risk factor.
Ultimately, a deeper understanding of the physiological mechanisms underlying cardiovascular
regulation under stress is key to developing more precise and holistic approaches to prevention,
early detection, and long-term management of cardiovascular diseases.
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