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Abstract

The Autonomic Nervous System (ANS) regulates numerous involuntary bodily
functions, including cardiovascular control, digestion, and thermoregulation. Disruptions
in ANS function are associated with a diverse array of neurological and systemic disorders.
Traditional autonomic testing methods, such as the Valsalva manoeuvre and orthostatic
tests, primarily focus on cardiovascular reflexes, offering valuable yet indirect insights into
autonomic pathways. However, technological advancements have led to the emergence
of modern methods like heart rate variability (HRV) analysis, microneurography, and
quantitative sudomotor axon reflex testing (QSART), which provide more precise
assessments of both sympathetic and parasympathetic function. Despite their potential,
the integration of these contemporary methods into routine clinical practice remains
limited due to their complexity and resource requirements. This review aims to provide a
comprehensive overview of classical and modern ANS testing methods, emphasising their
clinical relevance in daily practice to enhance patient-care.

Aims and Methods of ANS Testing: Autonomic nervous system (ANS) testing is
essential for evaluating the severity and distribution of autonomic dysfunction, diagnosing
conditions such as autonomic neuropathy and orthostatic intolerance, and monitoring
disease progression or treatment efficacy. Most tests assess cardiovascular reflexes in
response to various stimuli, activating sympathetic or parasympathetic outflow. Classical
methods, including the Ewing Battery, Head-Up Tilt (HUT) test, and Deep Breathing
Test, remain clinically significant, especially in settings lacking advanced technology.
Contemporary methods have revolutionised ANS testing, with HRV analysis providing
in-depth insights into autonomic control over heart rate, while Microneurography and
QSART assess sympathetic nerve activity and sudomotor function, respectively.

Conclusion: The evolution of autonomic function testing, from simple measures to
advanced techniques, enhances our understanding of ANS regulation. Classical methods
remain invaluable, yet newer technologies like HRV analysis and QSART offer detailed
evaluations for complex autonomic conditions. Broad clinical integration of these
contemporary methods alongside traditional approaches is essential for improving patient
care.

Keywords: ANS testing, ANS, Newer methods of ANS testing.
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INTRODUCTION
1

The Autonomic Nervous System (ANS) controls
numerous involuntary bodily functions, including
cardiovascular  regulation,  digestion, and
thermoregulation. Disruptions in ANS function
are linked to a variety of neurological and
systemic disorders. Historically, classical ANS
testing methods, such as the Valsalva manoeuvre
and orthostatic tests, have been used to assess
autonomic function by measuring cardiovascular
reflexes'. These methods, while still valuable,
primarily provide indirect insights into autonomic
pathways. With advancements in technology,
newer methods like heart rate variability (HRV)
analysis, microneurography, and quantitative
sudomotor axon reflex testing (QSART) have
emerged 2 These contemporary techniques offer
more detailed, objective assessments of both
sympathetic and parasympathetic function and
provide more accurate insights into autonomic
dysfunction.

Despite the growing recognition of these
advanced techniques, there remains a gap in their
routine clinical integration. This is partly due to
the complexity and resource demands of these
tests, which are often confined to research settings
or specialized centres. There is a pressing need
to integrate these newer methods into everyday
clinical practice, where they can complement
traditional tests and offer a more comprehensive
understanding of autonomic function.

This review article aims to provide a concise
overview of both classical and modern methods of
ANS testing, highlighting their relevance, clinical
applications, and the need for broader adoption
of newer techniques in routine clinical practice for
enhanced patient care.

Historical Perspective

Historically, the assessment of ANS function
has relied heavily on indirect measures, primarily
due to the system’s complexity. Early methods
focused on observable physiological responses to
stimuli, such as the Valsalva manoeuvre, postural
changes, and the response to cold pressor test
(ANS). Early pioneers such as Valsalva (1707)
identified autonomic control of circulation through
such manoeuvres, which remain relevant today.
Similarly, the works of Jackson, King, and Ranson
in the late 19th and early 20th centuries laid the
foundation for recognizing how neurological
diseases impair circulatory reflexes®.

The early methods often involved simple yet
clinically informative tests, such as measuring
blood pressure changes in response to posture
or isometric exercise (handgrip)’. These tests,
provided valuable insights into autonomic reflexes
and their dysfunction, particularly in conditions
like diabetes, tabes dorsalis, and spinal cord injury.

Physiological Anatomy of ANS

The term Autonomic Nervous System (ANS)
was introduced by Langley over a century ago to
describe the part of the nervous system responsible
for controlling visceral functions such as cardiac
muscle activity?, smooth muscle contraction, and
glandular secretions. Unlike the somatic nervous
system, most visceral activities regulated by the
ANS occur involuntarily and cannot be consciously
controlled or readily altered. The primary input to
the ANS comes via somatosensory nerves, which
originate from interoceptors like stretch receptors
and chemoreceptors in blood vessels and visceral
organs, continually monitoring the internal
environment. These signals, although usually not
consciously perceived, elicit responses that either
stimulate or inhibit target visceral structures to
maintain homeostasis.

Organization of the Autonomic Nervous System

The nervous system is divided into two parts:
(1) Central nervous system (CNS) and (2) Peripheral
nervous system (Fig. 1). The peripheral nervous
system (PNS) is further divided into somatic,
autonomic and enteric nervous system. The CNS
receives all the peripheral sensory information via
the sensory nerve fibres, also called the afferents
and sends the motor information to the effectors
via motor nerve fibres, also called efferent fibres.
These efferent fibres travel through the somatic
and the ANS. The input for ANS is via somatic
afferent pathway which provides information
to the CNS that in turn stimulates the ANS. This
would lead to an involuntary action. The ANS
is responsible for involuntary motor responses.
The effector may be smooth or cardiac muscle
(both involuntary muscles) or a gland. Thus, the
ANS is a visceral efferent system, which means
it sends motor impulses from the CNS to the
visceral organs. It functions automatically and
continuously, without conscious effort, to innervate
smooth muscle, cardiac muscle, and glands. The
ANS has two parts, sympathetic division and
a parasympathetic division. The sympathetic
and the parasympathetic fibers are the efferents
that connect CNS to the visceral organs. There
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is a fine balance between these two systems is
required to maintain homeostasis. ENS comprises
sympathetic and parasympa-thetic fibers that
regulate the activity of the gastrointestinal
tract. The sympathetic and the parasympathetic

efferent pathways are composed of two neurons:
(1) Preganglionic Neurons: Originating in the
CNS, their axons extend to an autonomic ganglion
and (2) Postganglionic Neurons: These neurons
relay signals from the ganglion to the target organ.

Nervous System
1 X 1
Central nervous Peripheral
system nervous system
o
I —
Afferent division Efferent division
(Sensory) {Motor)
| | B!
Somatic system Autonomic nervous
{voluntary) {involuntary)
| -
5 F = ]
Sympathetic system Parasympathetic system Enteri
{thorcolumbar outflow) (cranlosacral outflow) 'e;;;:;::ms

Come from the thoracic Come from brainstem

and lumbar reglions (T1 {Cranlal Nerves lll, VII, IX, X)

to L2/3) of the spinal or the sacral spinal cord (S2,
cord 53, s4)
Fig. 1: Organization of ANS
Functions of the ANS cold pressor test or mental arithmetic, activate

(a) Parasympathetic = System  (PSS): The
parasympathetic division is responsible for
conserving and storing energy, promoting
anabolic processes during restful states.

(b) Sympathetic System (SS): The sympathetic
division, on the other hand, is catabolic and
activates the body for emergency responses.
Its effects are generally prolonged and
widespread, whereas the parasympathetic
responses are more localized and transient.

Aims of ANS Testing:

* To evaluate the severity and distribution of
autonomic function

* To diagnose limited autonomic neuropathy
* Todiagnoseand assess orthostaticintolerance
* To monitor the course of dysautonomia

¢ To monitor response to treatment

* Toserve as an instrument in research studies

Most of the tests are based on evaluation of the
cardiovascular reflexes triggered by performing
specific provocative manoeuvres. Stimuli that
raise blood pressure, such as isometric exercise,

mainly sympathetic outflow. Moreover, blood
pressure responses to orthostatic testing and
Valsalva manoeuvre are in a large part a reflection
of sympathetic activity.** HR Changes during
orthostatic testing and Valsalva manoeuvre, as
well as during deep breathing or diving reflex,
reflect parasympathetic modulation.®’

Traditionally, batteries of autonomic tests have
been introduced, with the Ewing battery being the
most popular.® Ewing Battery: The Ewing battery,
developed by Ewing and Clarke, isacomprehensive
set of tests used to assess both parasympathetic and
sympathetic function. It focuses on cardiovascular
reflex responses, including heart rate and blood
pressure variations. The tests involve measuring
responses to autonomic stimuli, such as deep
breathing, the Valsalva manoeuvre, and postural
changes. They are widely used to detect autonomic
failure in diabetic patients and can reveal
abnormalities related to both parasympathetic and
sympathetic nervous systems.®

Morerecently, newtechniques,suchasevaluation
of heart rate variability or microneurography, have
been introduced as diagnostic tools.
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Assessment of Autonomic Nervous System
(ANS) Function

The assessment of ANS function has evolved
significantly, progressing from classical methods
to contemporary advanced techniques. Autonomic
function tests (AFT) are essential in confirming and
determining the severity of dysautonomia, as well
as identifying structural and functional deficits in
the ANS. These tests are crucial in both clinical
and research settings, with various techniques

developed to evaluate different autonomic
pathways.

Classical Methods for ANS Testing

Older methods of ANS testing remain

clinically significant, particularly in the diagnosis
of autonomic dysfunctions such as diabetic
neuropathy, orthostatic  hypotension, and
cardiovascular dysregulation. These techniques,
though simpler than modern methods, continue
to provide essential diagnostic insights, especially
in settings where advanced technology may not be
readily available.

The followings are the classical/older methods of
ANS Testing:

1. Head Up Tilt (HUT) / Lying-Standing Test
(LST): The head-up tilt and lying-standing
tests evaluate the cardiovascular response
to positional changes, making them critical
in diagnosing orthostatic hypotension. By
transitioning from lying to standing, blood
pools in the lower extremities, challenging
the body’s ability to maintain blood pressure
through autonomic reflexes. A significant
drop in systolic or diastolic pressure can
signal autonomic failure. HUT is often
combined with other autonomic tests for
a more robust evaluation of disorders like
postural tachycardia syndrome (POTS)®.

2. Deep Breathing Test: This test measures

heart rate variability in response to deep
breathing, exploiting the natural respiratory
sinus arrhythmia. Normally, the heart rate
increases during inspiration and decreases
during expiration, reflecting parasympathetic
activity. A reduction in heart rate variability
during this test is often an indicator of
impaired parasympathetic function, as
seen in conditions like diabetic autonomic
neuropathy?®.

3. Valsalva  Manoeuvre  The  Valsalva
manoeuvre is a cornerstone of autonomic
testing, used to assess baroreceptor reflexes
and both parasympathetic and sympathetic
control. It involves forced expiration against a
closed airway, creating distinct cardiovascular
phases that can reveal autonomic dysfunction.
Patients with ANS disorders often show
abnormal blood pressure recovery and heart
rate responses during this test’.

4. Isometric Handgrip Test During the
isometric handgrip test, patients sustain
an isometric contraction by squeezing a
dynamometer, leading to an increase in
diastolic blood pressure due to sympathetic
outflow. A blunted rise in blood pressure may
indicate defective sympathetic control, which
is commonly associated with cardiovascular
autonomic neuropathy™.

5. Cold Pressor Test In this test, a patient
immerses their hand or foot in cold water,
which induces a sympathetic response,
resulting in elevated heart rate and blood
pressure. This test evaluates sympathetic
vasomotor function and is particularly useful
in assessing autonomic responses to thermal
and pain stimuli®.

The classical ANS tests can be clubbed in to

those for sympathetic and parasympathetic testing
for the ease to understand as given in Table 1.

Table 1: Different types of classical ANS tests (Sympathetic and Parasympathetic)

Description

Clinical Relevance

to induce an increase in diastolic
blood pressure due to sympathetic

Method Type
Cold Pressor Test Sympathetic
response.
Isometric Handgrip Text Sympathetic
outflow.
Head-Up Tilt Text (HUT) Sympathetic

Patient immerses hand or foot in
cold water, including a sympathetic

Patient squeezes a dynamometer

Similar to HUT, accesses blood
pressure changes when moving

Assesses sympathetic vasomotor function;
useful for evaluating autonomic responses
to thermal and pain stimuli.

Evaluates sympathetic control of blood
pressure; commonly used to assess
cardiovascular autonomic neuropathy.

Used for diagnosing orthostatic
hypotension and autonomic dysfunction.

from lying to standing.

International Physiology / Volume 12 Number 2-3 / May - December 2024



Pooja Nigade, V.P. Varshney, Mona Bedi, A Comprehensive Review of Autonomic Function Testing 47

Method Type

Description

Clinical Relevance

Deep Breathing Text

Valsalva Manoeuvre

arrhythmia.
Sympathetic &

Parasympathetic ~ Meaures heart rate variability
in response to deep breathing,
reflecting respiratory sinus

Patient Performs forced expiration
Parasympathetic  against a closed airway, accessing

Accesses parasympathetic function;
reduced variability indicates impaired
parasympathetic control.

Provides insights inot both sympathetic
and parasympathetic functions, revealing

baroreceptor reflexes and autonomic abnormalities in blood pressure recovery

control.

and heart rate responses.

A. Contemporary Methods for ANS Testing

1.
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With advancements in technology, newer
methods have been developed to provide
more detailed and precise evaluations of
autonomic function. These methods offer
greater insight into specific components of the
ANS and are increasingly being used for both
diagnostic and research purposes.

Heart Rate Variability (HRV) Analysis The
variations in HR can be evaluated by the
following two HRV indices':

A. Time Domain Analysis: A continuous
ECG record is taken and a normal to
normal (N-N interval i.e. all intervals
between adjacent QRS complexes,the
standard deviation of RR intervals
(SDNN) and the root mean square of
successive differences (rMSSD) are
determined.

B. Frequency Domain Analysis

It analyses  different  frequency
components of the waveform. The main
frequency components that represent
autonomic activity are:

* High frequency (HF)—0.15-0.4 Hz
* Low frequency (LF)—0.04-0.15 Hz
* Very low frequency (VLF)—0.0-0.04 Hz

A

Power (ms*/Hz)

v

Frequency (Hz)

Frequency domain indices of HRV analysis.
(HF: high frequency; HRV: heart rate variability;
LF:low frequency).”

The LF and HF components are relative

indices of cardiac sympathetic and vagal
activity, respectively.

HF component is because of vagal tone
during respiratory cycle.

Low frequency component results from self-
oscillation in the sympathetic component of
the baroreceptor reflex loop as a result of
negative feedback.

. Microneurography: Introduced in the 1960s,

microneurography involves inserting fine
electrodes into peripheral nerves to record
sympathetic nerve activity. This highly
specialized technique provides direct insights
into sympathetic outflow to various organs,
such as the skin and muscles. It is particularly
useful for research and clinical evaluation of
conditions such as hypertension and diabetic
neuropathy. In patients with hypertension,
microneurography has demonstrated its ability
to accurately assess sympathetic nerve activity,
which can guide therapeutic strategies.

. Quantitative Sudomotor Axon Reflex Test

(QSART): QSART assesses sudomotor
function by measuring sweat production in
response to acetylcholine iontophoresis. This
test is particularly useful in diagnosing small-
fibre neuropathies and other conditions that
affect sweat gland function. It is particularly
beneficial for patients with suspected
peripheral autonomic dysfunction, such as
those with diabetic neuropathy or small-fibre
neuropathy. QSART provides precise insights
into sweat gland function, which is crucial for
diagnosing these conditions.'

. Baroreflex Sensitivity Testing Baroreflex

sensitivity (BRS) is a key measure of
autonomic control over blood pressure.
Traditional methods use pharmacological
agents like phenylephrine to manipulate
blood pressure, followed by analysis of heart
rate responses. Newer, non-invasive methods
use spontaneous fluctuations in blood
pressure and HR to assess BRS. This technique
has clinical utility in diagnosing syncope and
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other autonomic disorders. Many clinical
uses of this test have emerged, e.g. vasovagal
syncope, impaired baroreflex sensitivity.”

6. Head-Up Tilt Test (HUTT) HUTT is
predominantly used in the evaluation of
syncope. Unlike active standing, which
can mask autonomic dysfunction through
compensatory mechanisms, HUTT provides
a controlled environment for assessing
cardiovascular responses to orthostasis. It is
particularly useful in diagnosing vasovagal
syncope and orthostatic hypotension.®

7. Sympathetic Skin Response (SSR) SSR is
a simple, non-invasive test that measures
the electrical potentials generated by sweat
gland activity in response to stimuli such as
noise or electrical stimulation. It provides
an assessment of cholinergic sympathetic
function and is often used in the diagnosis
of disorders such as diabetic neuropathy and
Guillain-Barré syndrome.®

Newer AFT methods offer significantly
improved diagnostic accuracy compared to older
techniques. HRV analysis has demonstrated
a sensitivity of 90% and specificity of 85% in
detecting autonomic dysfunction, particularly
in cardiovascular conditions like heart failure,
whereas traditional tests like the Valsalva
manoeuvre show lower sensitivity, around 70-
75%. Similarly, microneurography, which directly
measures sympathetic nerve activity, achieves
95% diagnostic accuracy in conditions like
hypertension, outperforming older orthostatic tests
with a sensitivity of only 65-70%. Additionally, the
Quantitative Sudomotor Axon Reflex Test (QSART)
exhibits a sensitivity of 92% and specificity of 89%
for diagnosing small fibre neuropathy, surpassing
the cold pressor test, which has a sensitivity of 60-
70% for similar dysfunctions.'

FUTURE DIRECTIONS

The field of ANS testing continues to evolve,
with new technologies being developed to improve
accuracy and reduce invasiveness, which gives
an extremely high Value: Risk ratio. Non-linear
analysis of HRV, for example, is gaining traction
as a more sophisticated method for assessing
autonomic modulation. Similarly, advances in
wearable technology may soon allow continuous
monitoring of autonomic function in real-world
settings, providing valuable insights into disease
progression and treatment efficacy.

CONCLUSION
[

AFT is an essential component of diagnosing
and managing a variety of conditions, particularly
those affecting the cardiovascular system. Both
classical and modern methods have their place in
clinical practice. AFT can non-invasively evaluate
the severity and distribution of autonomic failure.
They have sufficient sensitivity to detect even
subclinical dysautonomia. As technology advances,
the integration of these methods into routine care
promises to enhance our understanding of autonomic
dysfunction and improve patient outcomes.
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Abstract

Background: Oxidative stress results from an imbalance between the production of
reactive oxygen species (ROS) and the body’s antioxidative defenses. ROS, derived from
oxygen, are essential in cellular signaling but can also damage cellular macromolecules,
including lipids, proteins, and DNA, when produced excessively. This imbalance is
associated with aging and a range of diseases, including atherosclerosis, neurodegenerative
disorders, diabetes, and cancer.

Aims: The aim of this article is to investigate the mechanisms of oxidative stress, its
biological effects, and the role of antioxidants in mitigating oxidative damage. Additionally,
the article explores the implications of oxidative stress in various diseases and potential
therapeutic strategies.

Materials and Methods: The article involves a comprehensive review of existing
literature to elucidate the sources and types of ROS, their mechanisms of action, and the
body’s enzymatic (e.g., superoxide dismutase, catalase) and non-enzymatic (e.g., vitamins
C and E, glutathione) antioxidant defenses. Special attention is given to the biochemical
pathways of ROS formation and detoxification.

Results: Findings indicate that ROS are naturally produced during cellular metabolism
and play dual roles in physiological and pathological processes. Under stress conditions
or exposure to environmental toxins, ROS production overwhelms antioxidant defenses,
leading to lipid peroxidation, protein oxidation, and DNA damage. Antioxidants mitigate
this damage by neutralizing ROS, maintaining cellular integrity, and reducing the risk of
oxidative stress-related diseases.

Conclusion: Oxidative stress plays a pivotal role in aging and the development of chronic
diseases. Antioxidants, both endogenous and exogenous, are crucial in managing oxidative
damage. Enhancing antioxidant defenses through dietary intake or pharmacological
interventions may provide therapeutic benefits and prevent oxidative stress-related
pathologies. Further research into targeted antioxidant therapies is recommended to
improve health outcomes.

Keywords: Oxidative Stress, Reactive Oxygen Species, Antioxidants, Chronic Diseases.
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INTRODUCTION

Oxidative stress is a multifaceted biological
phenomenon characterized by an imbalance
between the production of reactive oxygen species
(ROS) and the body’s ability to neutralize them
through antioxidative systems. ROS, a collective
term for chemically reactive molecules containing
oxygen, play a dual role in human physiology.
They are essential for normal cellular signaling
and host defense mechanisms. On the other hand,
their overproduction or insufficient detoxification
can lead to cellular and molecular damage. This
damage arises from the toxic effects of peroxides
and free radicals, which attack essential cellular
components such as lipids, proteins, and nucleic
acids, thereby impairing cell function and viability.

Antioxidative systems encompass a range
of enzymatic and non-enzymatic mechanisms
that work to detoxify reactive intermediates or
repair the damage caused by oxidative stress.
These systems are critical in maintaining cellular
homeostasis and preventing the harmful effects of
ROS. Enzymatic antioxidants, such as superoxide
dismutase (SOD), catalase, and glutathione
peroxidase, play significant roles in converting
harmful ROS into less reactive molecules. Non-
enzymatic antioxidants, including vitamins C and
E, glutathione, and carotenoids, further contribute
to reducing oxidative damage by scavenging free
radicals and terminating their chain reactions.

In humans, oxidative stress has been implicated
in the pathogenesis of numerous diseases. For
example, it contributes to the development of
cardiovascular diseases such as atherosclerosis
by promoting lipid peroxidation and endothelial
dysfunction. Similarly, in neurodegenerative
conditions like Alzheimer’'s and Parkinson’s
diseases, oxidative stress accelerates neuronal
damage and death. Other chronic conditions,
including diabetes mellitus, cancer, inflammatory
disorders, and certain psychological diseases,
have also been strongly linked to oxidative stress.
Moreover, it is considered a key factor in the aging
process, as the cumulative damage from ROS over
time contributes to the decline in cellular and organ
function associated with aging.'

Understanding the mechanisms of oxidative
stress and its impact on health has become a critical
area of research. Insights into how ROS production
is regulated and how antioxidative defenses can be
enhanced offer potential strategies for mitigating
the detrimental effects of oxidative stress. These

approaches may pave the way for novel therapeutic
interventions to combat oxidative stress-associated
diseases and promote healthy aging.

Free radicals and reactive oxygen species

Free radicals in an atom or group of atoms have
one or more unpaired electrons. Free radicals can
have positive, negative or neutral charge. They are
formed as necessary intermediates in a variety of
normal biochemical reactions but when generated
in excess or not appropriately controlled, an
extensive range of macromolecules. A well-known
feature of free radicals is that they have extremely
high chemical reactivity which is responsible for
their biological activity as well as damaging effect
on cells%

Oxygen radicals

There are many types of free radicals but those
most concerned in the biological system are
derived from O, and collectively known as ROS.
Sequential reduction of molecular O, leads to the
formation of a group of ROS:

* Super oxide anion (O,)
¢ Peroxide (O,%)
e Hydroxyl radicals ("OH)

Another radicals derived from O, is singlet
oxygen (‘O,).This is an excited form of O, in
which one of the electrons jump to superior orbital
following absorption of energy

Formation of ROS by stress

O, derived radicals are derived constantly as
part of normal aerobic life. They are formed in
mitochondria as O, is reduced along the electron
transport chain. ROS are also formed as necessary
intermediates in a variety of reactions e.g. WBC like
neutrophils constantly produce free radicals which
are used in host defence to kill invading pathogen.
Cell exposed to abnormal environments such as
hypoxia generate abundant and often damaging
ROS. A number of drugs have oxidising effects on
cells and lead to production of O, radicals. Stress
is well known to generate O, within biological
system'. It generates ROS such as superoxide
anions, hydrogen peroxide, and hydroxyl radicals,
which show high reactivity to a variety of cellular
macromolecules, including DNA, lipids and
proteins. The damage caused by oxidative stress
is either direct interaction with target molecules or
indirectly by the formation of ROS, resulting from
the radiolysis of water. As human tissues contain
80% water, the major radiation damage is due
generation of ROS.
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Biological effects of ROS

ROS are generated in a number of reactions, are
essential to life. Evidence suggests that ROS are
involved in cellular signaling and can function
as mitogens. Yet, despite their beneficial effect,
ROS can be toxic for cells. They damage all
macromolecules including lipids, proteins and
nucleic acids due to the presence of unpaired
electrons (e").

Free radicals damage in 3 ways?:

* By lipid peroxidation: The free radicals
attack the double bond of unsaturated fatty
acids of membrane phospholipids and
damage the cellular membranes.

* By oxidative modification of protein:
The amino acids of protein get oxidized in
contact with free radicals causing physical
changes in the protein molecules including
fragmentation and aggregation. This
increases the susceptibility of the protein
molecules to proteolytic degradation and
thereby damaging functioning of the cell and
its organelles.

* By modification of genomic or cellular
structure: Free radicals cause the lesion
of thymine and/or cytosine bases thereby
breaking single or double stranded DNA and
modify genomic DNA consequently cellular
structure. (Figure 1)

‘ Exogenous factors ‘

Environmental
condition

Lifestyle

e
Modificationof signal | T— | o o
transduction pathways —
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Damage of mitochondria
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Fig. 1: Mechanism and effects of Reactive Oxygen Species (ROS) in cell

Mechanism of protection against free radicals

Life on earth evolved in the presence of free
O, and necessarily adapted by evolution of large
battery of the antioxidant system. Some of these
antioxidants are present in all types of life forms;
from bacteria to mammals, indicating their
appearance early in the history of life.

Antioxidants

An antioxidant is a molecule capable of slowing
or preventing oxidation of other molecules.
Oxidation reactions can produce free radicals,
which starts chain reactions that damage the cells.
Antioxidants terminate these chain reactions by
oxidising themselves.

Although oxidation reactions are crucial for
life, they can also be damaging. Hence, plants and

animals maintain complex systems of multiple
types of antioxidants, such as glutathione, vitamin
C, vitamin E as well as enzymes such as catalase,
SOD and various peroxidases. Low level of
antioxidants enzymes cause the oxidative stress
and may damage to kill the cells.

a) Enzymatic antioxidants: These groups of
enzymes play significant roles in protecting from
oxidative stress.

Super oxide dismutase (SOD): These are enzymes
that catalyze the conversion of two superoxides
to H,O, and O,. The benefit here is that, H,0, is
substantially less toxic than super oxide (O,). SOD
accelerates this detoxifying reaction roughly 10,000
fold over non catalyzing reaction.

SOD are the metal containing enzyme that
depends on the Mn, Cu, or Zn for their antioxidant
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activity. In mammals, Mn containing enzyme is
most abundant in the mitochondria, while Zn
and Cu containing enzyme forms predominate in
the cytoplasm. Interestingly SOD is an inducible
enzyme. Exposure of bacteria or vertebrate cells to
higher concentration of O, results in rapid increase
in concentration of SOD?.

Catalase: This is formed in peroxisomes of
eukaryotic cells. It degrades H,O, and O, and
hence finishes the detoxification reaction started
by SOD?.

Glutathione peroxidase: This is a group of
enzymes the most abundant of which contain
Se. These enzymes like catalase degrade H,O,.
They also reduce organic peroxidase to alcohol
providing another route for eliminating toxic O,*.

Nitric oxide synthase (NOS): NOS is an enzyme
in the body that contributes to transmission from
one neuron to another, to the immune system and
dilating blood vessels. It does so by the synthesis
of nitric oxide (NO) from terminal N, atom
of L-Arginine in the presence of NADPH and
dioxygen. NOS is the only known enzyme that
binds FAD, FMN, heme, and calmodulin. NOS
activates cyclic GMP, which induce smooth muscle
relaxation by multiple mechanisms®. There are 3
types of NOS; neuronal NOS (nNOS),which was
originally identified in nervous system tissues and
is present all the time in the cells, endothelial NOS
(eNOS) which is also expressed constitutively in
the endothelial cells and synthesizes NO needed
for the regulation of blood pressure, and inducible
NOS (iNOS) which is found at the site of chronic
inflammation.

b) Non enzymatic antioxidant:

The non enzymatic antioxidants

particular importance are:

having

Vitamin E: This is the major lipid soluble
antioxidant and plays a vital role in protecting
membranes from oxidative damage. Its primary
activity is to trap peroxyradicals in cellular
membranes.

Vitamin C: Also called Ascorbic acid, is a water
soluble antioxidant that can reduce free radicals
from a variety of sources. It also appears to
participate in recycling vitamin E radicals.

Glutathione: It may be the most important
intracellular defence against damage by ROS. It
is tri-peptide (glutamyl-cysteinyl-glycine). These
cystein provides protection against exposed free
radicals i.e. very reactive, providing an abundant
target for free radical attacks. Reaction with radicals

oxidise glutathione, but the reduced form is
regenerated in a redox cycle involving glutathione
reductase and electron acceptor NADPH .

Carotenoids (p-Carotene)

These are mainly colored pigments present
in plants and microorganisms. Epidemiological
studies have revealed that a diet rich in carotenoids
is correlated with a lower risk of age-related
diseases”. Primarily, p-carotene has been found
to react with peroxyl (ROO.) to prevent damage
in lipophilic compartments hydroxyl (.OH), and
superoxide radicals®. The antioxidant activity of
carotenoids arises due to their ability to delocalize
unpaired electrons, and thus quench singlet oxygen
without degradation. The efficacy of carotenoids
with respect to physical quenching is related to
the number of conjugated double bonds present
in the molecule. Both 3-Carotene and retinoic acid
are capable of regulating different transcription
factors, p-Carotene inhibits the oxidant-induced
NEF-xB activation and interleukin (IL)-6 and tumor
necrosis factor-a production. On the other hand,
retinoic acid can affect cell, arrest cell cycle, or
both®™,

Melatonin

This is a neurohormone that is derived from
tryptophan mainly in the pineal gland. One of the
major functions of melatonin is scavenging free
radicals in oxygen metabolism, thereby potentially
protecting against free radical-induced damage to
DNA, proteins and membranes. Owing to these
properties, it has the potential to play an important
role in the reduction of free radical-mediated
diseases™.

In addition to these big three, there are numerous
other small molecules that act as antioxidant eg.
bilirubin, uric acid etc.

CONCLUSIONS
I

Presentresearch hasled to a universal agreement
that oxidative damage to proteins, lipids, and DNA
occurs as a result of ROS overproduction. These
are highly reactive due to the unpaired electrons in
their structure that allow them to react with several
biological macromolecules in cell, thus altering
their functions. ROS are produced by cellular
metabolic reactions that use oxygen and shift the
balance in oxidant/antioxidant status in favour of
the oxidants. A variety of environmental factors,
such as air pollutants or cigarette smoke, can result
in the production of ROS, which can also affect
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the expression of several genes by upregulation of
redox-sensitive transcription factors and chromatin
remodelling through alteration in histone
acetylation/deacetylation. The human body deals
with the pathological effects of ROS by utilizing
the endogenous antioxidant enzymatic system and
by the ingestion of exogenous antioxidants in the
diet. If the oxidative stress exceeds the protection
afforded by antioxidants, the aging process
and some of the diseases associated with it such
as cardiovascular diseases, neurodegenerative
diseases, diabetes and cancer can accelerate.
Regulation of redox state is critical for cell viability,
activation, and proliferation, as well as organ
function.
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Abstract

Cardiovascular diseases (CVDs) represent a significant global health burden, necessitating
innovative approaches for prevention and treatment. This review explores the multifaceted
roles of vitamins specifically Vitamins C, D, E, K, and B complex—in maintaining
cardiovascular health. Vitamins contribute to critical physiological processes, including
antioxidant defense, inflammation modulation, vascular integrity, and lipid metabolism.
Vitamin C enhances endothelial function and reduces oxidative stress, while Vitamin D
regulates calcium homeostasis and mitigates arterial stiffness. Vitamin E prevents LDL
oxidation and supports endothelial health. The B-complex vitamins lower homocysteine
levels, reducing thrombotic risk, and Vitamin K prevents vascular calcification. Despite
promising evidence, conflicting results from clinical trials underscore the need for
personalized supplementation strategies and further research to establish definitive
guidelines. This review highlights the potential of vitamins as complementary agents in
CVD care, emphasizing the importance of balanced intake for cardiovascular health.

Keywords: Cardiovascular Diseases, Vitamins, Antioxidant Defense, Endothelial
Function, Lipid Metabolism.

treatments, the burden of CVDs remains significant,
prompting the exploration of complementary and
preventive strategies to mitigate risks and improve
outcomes. Among these, the role of vitamins has
gained considerable attention due to their potential
in modulating physiological processes relevant to
cardiovascular health.

INTRODUCTION

Cardiovascular diseases (CVDs) are a leading
cause of morbidity and mortality worldwide,
contributing to nearly 32% of global deaths annually
(Di Cesare et al., 2024). These diseases encompass a
wide spectrum, including coronary artery disease,
hypertension, stroke, and heart failure, which Vitamins, as essential micronutrients, participate
are influenced by genetic, environmental, and  in critical cellular and biochemical functions. They
lifestyle factors. Despite advancements in medical ~ are involved in antioxidant defense, modulation
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of inflammation, vascular health, and lipid metabolism, all
of which are pivotal in maintaining cardiovascular integrity
(Marchioli et al., 2001). For instance, oxidative stress, a key
contributor to atherosclerosis and other CVDs, is characterized
by an imbalance between free radicals and antioxidants.
Vitamins such as Vitamin C and E, which possess potent
antioxidant properties, may counteract oxidative damage by
scavenging reactive oxygen species (Miinzel ef al., 2017).

Vitamin C has been widely studied for its role in
enhancing endothelial function, reducing arterial stiffness,
and mitigating hypertension. Research indicates that regular
intake of Vitamin C can improve nitric oxide bioavailability,
which helps in vasodilation and reduces the risk of endothelial
dysfunction, a precursor to atherosclerosis (May & Harrison,
2013). Similarly, Vitamin E, another lipid-soluble antioxidant,
has shown promise in preventing the oxidation of low-
density lipoprotein (LDL) cholesterol, a critical step in plaque
formation within arterial walls (Catalgol & Ozer, 2011). In
addition to antioxidant effects, other vitamins such as Vitamin
D have emerged as key regulators of cardiovascular health.
Vitamin D is essential for calcium homeostasis and bone
health but also exerts significant effects on the cardiovascular
system. Deficiency of Vitamin D has been associated with
an increased risk of hypertension, myocardial infarction,
and heart failure, possibly through mechanisms involving
the renin-angiotensin-aldosterone system and inflammatory
pathways (Nardin et al., 2024). Clinical studies suggest that
adequate levels of Vitamin D may reduce arterial stiffness
and improve overall cardiac function (de la Guia-Galipienso
et al., 2021). The B complex vitamins, including B, B, (folate),
and B, play a crucial role in homocysteine metabolism.
Elevated levels of homocysteine are a known risk factor for
CVDs, as they can damage endothelial cells and promote
thrombogenesis. Supplementation with these vitamins has
been shown to lower homocysteine levels and potentially
reduce the risk of cardiovascular events (Mohan et al., 2023).
Furthermore, Vitamin K, known for its role in coagulation,
also contributes to vascular health by regulating calcium
deposition in arteries. Adequate Vitamin K levels help
prevent vascular calcification, a common feature of advanced
atherosclerosis and arterial stiffness (van Gorp ef al., 2021).
Despite the potential benefits, the use of vitamins in CVD
prevention and treatment remains a subject of ongoing
research and debate. While observational studies and some
clinical trials highlight positive associations, other large-
scale randomized controlled trials (RCTs) have
yielded inconclusive or conflicting results. Factors
such as dosage, bioavailability, patient population,
and study design contribute to the variability in
outcomes (Simsek et al., 2021). Moreover, excessive
intake of certain vitamins, particularly fat-soluble
ones like Vitamin E and K, may pose risks such
as hypervitaminosis or adverse interactions with
medications (Reddy and Jialal 2022).

This systematic review aims to provide a
comprehensive analysis of the role of vitamins—
specifically Vitamin C, D, E, B complex, and K—
in the prevention and management of CVDs. By
synthesizing current evidence on their mechanisms
of action, clinical efficacy, and associated risks,
this review seeks to elucidate the potential of
vitamins as adjunctive agents in cardiovascular
care. Furthermore, it highlights the gaps in
existing knowledge and emphasizes the need for
well-designed studies to establish evidence-based
guidelines for the use of vitamins in cardiovascular
health management.

METHODOLOGY

Databases and Search Strategy

To conduct a comprehensive literature review
on the role of vitamins in cardiovascular disease
(CVD) prevention and management, multiple
databases were searched, including PubMed,
Scopus, Web of Science, Cochrane Library, and
Google Scholar. These sources provided access to
peer-reviewed studies, systematic reviews, meta-
analyses, and grey literature.

Search Terms and Keywords

Relevant studies were identified using primary
keywords such as “Vitamin C,” “Vitamin D,”
“Vitamin E,” “B-complex vitamins,” “Vitamin
K,” “Cardiovascular Disease,” “Prevention,” and
“Treatment.” Secondary terms included “Oxidative
Stress,” “ Atherosclerosis,” “Hypertension,”
“Stroke,” and “Endothelial Function.” Example
search strings included:

(“Vitamin C” and “Cardiovascular Disease” and
(“Prevention” or “Treatment”)

(“Vitamin D” and
“Cardiovascular Risk”)

“Hypertension” and

Inclusion  Criteria: Randomized controlled
trials (RCTs), observational studies, systematic
reviews, English-language articles (1993-present),
and studies on adult populations at risk for or
diagnosed with CVD.

Exclusion Criteria: Non-human studies, research
on non-cardiovascular conditions, and studies
lacking relevant cardiovascular data.

Data Extraction and Synthesis

Key outcomes included vitamin supplementa-
tion’s impact on cardiovascular risk, oxidative
stress, endothelial function, inflammation,
myocardial infarction, stroke, and hypertension.
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Data from clinical trials and meta-analyses were
synthesized to highlight trends, mechanisms, and
research gaps.

Risk of Bias and Study Selection

Biases such as selection, performance, detection,
and funding biases were assessed. Mitigation
strategies included randomization, blinding, and
confounder control. Of 172 identified studies, 41 met
inclusion criteria, contributing to a comprehensive
analysis of vitamins’ role in cardiovascular health.

Effect of Vitamin C on Cardiovascular Disease
(CVD)

Vitamin C, also known as ascorbic acid, plays
a vital role in reducing the risk of cardiovascular
diseases (CVD). Its antioxidant properties, ability to
improve endothelial function, and role in collagen
synthesis contribute to its cardiovascular benefits.

Reduction of Oxidative Stress

Vitamin C neutralizes reactive oxygen species
(ROS) and protects against oxidative damage to
lipids, proteins, and DNA, which are implicated in
atherosclerosis and other cardiovascular conditions
(Carr & Maggini, 2017; Bhattacharjee et al., 2024).

Improvement of Endothelial Function

By enhancing nitric oxide (NO) bioavailability,
vitamin C improves endothelial-dependent
vasodilation, reducing arterial stiffness and
lowering blood pressure (Morelli et al., 2020).

Anti-inflammatory Effects

Chronic inflammation is a significant contributor to
atherosclerosis. Vitamin C reduces pro-inflammatory
markers like C-reactive protein (CRP), thereby
mitigating inflammation (Dhalla et al., 2000).

Lipid Profile Improvement:

Vitamin C may decrease LDL oxidation and
improve HDL functionality, reducing the risk of
plaque formation in arteries (Retsky et al., 1993).

Collagen Synthesis

Adequate collagen synthesis is essential for
maintaining the structural integrity of blood
vessels. Vitamin C supports this process, reducing
the risk of vessel rupture or aneurysm (Padayatty
et al., 2003).

Reduction in Hypertension

Vitamin C supplementation has been shown
to lower blood pressure in hypertensive patients,
reducing strain on the cardiovascular system
(Juraschek et al., 2012).

Mechanism of Action of Vitamin C in
Cardiovascular Health

Antioxidant Activity

Vitamin C acts as a potent antioxidant by
donating electrons to neutralize free radicals,
thereby preventing oxidative stress, a critical factor
in endothelial dysfunction and atherosclerosis
(Frei, 1991; Carr & Maggini, 2017).

Enhancement of Nitric Oxide (NO) Availability

Vitamin C stabilizes NO by reducing superoxide
anion-mediated NO degradation, leading to
improved vasodilation and blood flow (Morelli
et al., 2020).

Inhibition of LDL Oxidation

By scavenging free radicals, vitamin C prevents
the oxidative modification of LDL cholesterol, a
crucial step in the initiation and progression of
atherosclerosis (Retsky et al., 1993).

Regulation of Endothelial Function

Vitamin C improves endothelial cell survival
and reduces apoptosis, which is essential for
maintaining vascular homeostasis (Ashor et al.,
2015).

Reduction of Inflammation

Vitamin C decreases inflammatory cytokines and
markers like CRP, reducing vascular inflammation
and slowing the progression of atherosclerosis
(Dhalla et al., 2000).

Collagen Formation

As a cofactor for prolyl and lysyl hydroxylase
enzymes, vitamin C is critical for the synthesis of
stable collagen, ensuring the strength and elasticity
of blood vessel walls (Padayatty et al., 2003).

Effect of Vitamin D on Cardiovascular Disease
(CVD)

Vitamin D is crucial for maintaining
cardiovascular health, with its deficiency linked
to increased risk factors such as hypertension,
atherosclerosis, and heart failure. Its effects
are mediated through its regulation of calcium
metabolism, anti-inflammatory properties, and
impact on vascular function.

Regulation of Blood Pressure

Vitamin D reduces renin production, lowering
the activity of the renin-angiotensin-aldosterone
system (RAAS) and thereby helping regulate blood
pressure (Li et al., 2002).
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Anti-inflammatory Effects

It suppresses pro-inflammatory cytokines and
enhances anti-inflammatory mediators, reducing
vascular  inflammation and atherosclerosis
(Norman & Powell, 2014).

Improvement of Endothelial Function

By promoting nitric oxide (NO) synthesis and
reducing oxidative stress, vitamin D enhances
endothelial function, which is critical for vascular
health (Kim et al., 2020).

Inhibition of Vascular Calcification

Vitamin D prevents vascular smooth muscle cell
(VSMC) calcification by modulating calcium and
phosphate metabolism, reducing arterial stiffness
(Hou et al., 2017).

Reduction in Insulin Resistance

Vitamin D improves insulin sensitivity, thereby
mitigating the risk of type 2 diabetes —a major risk
factor for CVD (Foroubhi et al., 2008).

Cholesterol Modulation

It has a role in reducing LDL cholesterol levels
and increasing HDL, which can lower the risk of
plaque formation in arteries (Pilz et al., 2016).

Modulation of the RAAS

Vitamin D inhibits renin gene expression,
leading to decreased RAAS activity, which helps
in blood pressure regulation and reduces cardiac
hypertrophy (Li et al., 2002).

Regulation of Calcium and Phosphate Homeostasis

Vitamin D maintains calcium and phosphate
balance, essential for vascular health, preventing
arterial calcification (Hou et al., 2017).

Anti-inflammatory Mechanisms

It suppresses NF-«xB signaling, reducing the
production of inflammatory cytokines such as IL-6
and TNF-a, which are implicated in atherosclerosis
(Norman & Powell, 2014).

Endothelial Function Enhancement
Vitamin D  promotes endothelial nitric
oxide synthase (eNOS) activity, improving

NO bioavailability and preventing endothelial
dysfunction (Kim et al., 2020).

Antioxidant Effects

By reducing oxidative stress and lipid
peroxidation, vitamin D protects endothelial cells
and prevents atherogenesis (Pilz ef al., 2016).

Impact on Lipid Metabolism

Vitamin D influences the expression of genes
involved in lipid metabolism, reducing LDL
oxidation and supporting a healthier lipid profile
(Forouhi et al., 2008).

Effect of Vitamin E on Cardiovascular Disease
(CVD)

Vitamin E, a fat-soluble vitamin consisting of
eight compounds (a-, B-, y-, d-tocopherols and
tocotrienols), is well-known for its antioxidant
properties. It protects cellular membranes and
lipoproteins from oxidative damage, which is
crucial in preventing cardiovascular diseases
(CVDs) (Bhattacharjee & Pal, 2014).

Mechanisms of Action

Inhibition of LDL Oxidation: Vitamin E prevents
the oxidation of low-density lipoproteins (LDL), a
key step in atherosclerosis, thus reducing foam cell

formation and arterial plaque buildup (Khatana et
al., 2020).

Anti-inflammatory Effects: Vitamin E decreases
the expression of inflammatory markers such as
IL-6 and C-reactive protein (CRP), both of which
are elevated in atherosclerosis (Asbaghi et al., 2020).

Improvement in Endothelial Function: Vitamin
E enhances endothelial function by reducing
oxidative stress and improving nitric oxide
bioavailability, leading to better vascular relaxation
(Su, 2015).

Platelet Agqregation Inhibition: Vitamin E inhibits
platelet aggregation and adhesion, which are
critical steps in thrombus formation and ischemic
events like myocardial infarction (Steiner, 1999).

Clinical Evidence

Observational Studies: The Nurses” Health Study
found that higher dietary vitamin E intake was
inversely related to coronary heart disease risk
(Khatana et al., 2020).

Potential Risks and Recommendations

Excessive intake of vitamin E may lead to pro-
oxidant effects, negating its antioxidant benefits
and potentially resulting in adverse health
outcomes. Current guidelines suggest obtaining
vitamin E primarily from dietary sources, such as
nuts, seeds, and vegetable oils, rather than high-
dose supplements (Bhattacharjee & Pal, 2014).

Reduction of Oxidative Stress

Vitamin E protects cell membranes from
oxidative damage by neutralizing free radicals,
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reducing oxidative stress, which is a major factor
in atherosclerosis (Bhattacharjee & Pal, 2014).

Prevention of LDL Oxidation

It inhibits the oxidation of low-density
lipoproteins (LDL), preventing the formation of
atherosclerotic plaques (Bhattacharjee & Pal, 2014).

Anti-inflammatory Effects

Vitamin E suppresses the production of pro-
inflammatory cytokines like IL-6 and TNF-q,
reducing vascular inflammation (Reiter et al., 2007).

Improvement of Endothelial Function
By enhancing nitric oxide (NO) bioavailability
and reducing endothelial oxidative stress, vitamin

E improves endothelial function, crucial for
vascular health (Roberts et al., 2007).

Inhibition of Platelet Aggregation

Vitamin E reduces platelet aggregation and
adhesion, lowering the risk of thrombosis and
stroke (Steiner, 1999).

Reduction in Arterial Stiffness

Vitamin E supplementation improves arterial
elasticity, reducing the risk of hypertension and
vascular complications (Meydani et al., 1997).

Mechanism of Action of Vitamin E in
Cardiovascular Health

Antioxidant Activity

Vitamin E acts as a lipid-soluble antioxidant,
incorporating into cellular membranes and
scavenging lipid peroxyl radicals, thereby
preventing lipid peroxidation and protecting
against oxidative stress (Brigelius-Flohé & Traber,
1999).

Inhibition of LDL Oxidation

By donating hydrogen atoms to free radicals,
vitamin E prevents the oxidative modification of
LDL cholesterol, a crucial step in the initiation of
atherosclerosis (Upston et al., 2003).

Regulation of Inflammatory Pathways

Vitamin E downregulates the activity of NF-
kB, reducing the expression of pro-inflammatory
genes and cytokines (Reiter et al., 2007).

Enhancement of Endothelial Nitric Oxide (NO)
Awvailability

By reducing superoxide production, vitamin E
increases NO bioavailability, promoting vasodilation
and improving blood flow (Roberts et al., 2007).

Inhibition of Platelet Aggregation

Vitamin E interferes with protein kinase C
(PKC) activity, inhibiting platelet aggregation and
reducing the risk of thrombus formation (Steiner,
1999).

Improvement in Vascular Elasticity

Vitamin E prevents the stiffening of arteries by
reducing oxidative and inflammatory damage to
vascular smooth muscle cells (Meydani et al., 1997).

Effect of Vitamin B Complex on Cardiovascular
Disease (CVD)

The Vitamin B complex, comprising several
water-soluble vitamins, plays a crucial role in
cardiovascular health. Deficiency in specific B
vitamins, such as B6, B12, and folate, is linked to
hyperhomocysteinemia, a significant risk factor
for cardiovascular diseases. These vitamins also
influence energy metabolism, reduce oxidative
stress, and regulate inflammatory responses.

Reduction of Homocysteine Levels

Vitamins B6, B12, and folate lower homocysteine
levels, a known risk factor for atherosclerosis and
thrombosis (Bhattacharjee and Pal, 2014b, Mohan
et al., 2023).

Anti-inflammatory Effects

Vitamin B6 suppresses pro-inflammatory
cytokines, reducing vascular inflammation and the
risk of atherosclerosis (Friso et al., 2001).

Improvement in Lipid Profile

Niacin (Vitamin B3) improves lipid metabolism
by reducing LDL cholesterol, triglycerides, and
lipoprotein(a) while increasing HDL cholesterol
(Carlson, 2005).

Regulation of Energy Metabolism

Thiamine (Vitamin Bl) enhances cardiac
energy production by facilitating carbohydrate
metabolism, improving heart function (Mrowicka
et al., 2023).

Prevention of Endothelial Dysfunction

Riboflavin (Vitamin B2) and niacin improve
endothelial function by reducing oxidative
stress and enhancing nitric oxide bioavailability
(Mrowicka et al., 2023).

Reduction in Hypertension Risk

Vitamin B2 supplementation reduces blood
pressure, particularly in individuals with a specific
genetic variant (MTHFR C677T polymorphism)
(McNulty et al., 2006).
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Mechanism of Action of Vitamin B Complex in
Cardiovascular Health

Homocysteine Metabolism

Vitamins B6, B12, and folate are co-factors in
the remethylation and transsulfuration pathways
of homocysteine metabolism, reducing plasma
homocysteine levels and preventing endothelial
damage (Mohan et al., 2023).

Regulation of Lipid Metabolism

Niacin inhibits hepatic synthesis of VLDL
and LDL cholesterol and enhances HDL levels,
reducing the risk of plaque formation in arteries
(Carlson, 2005).

Anti-inflammatory Mechanisms

Vitamin B6 inhibits the NF-xB pathway,
reducing the production of pro-inflammatory
cytokines like IL-6 and TNF-a, protecting against
vascular inflammation (Friso ef al., 2001).

Oxidative Stress Reduction

Riboflavin and niacin act as coenzymes in
redox reactions, reducing oxidative damage to
endothelial cells and improving vascular function
(Mrowicka et al., 2023).

Improvement of Myocardial Energy Metabolism

Thiamine facilitates the conversion of pyruvate
to acetyl-CoA, ensuring adequate ATP production
in cardiac cells, critical for heart function (Mrowicka
et al., 2023).

Blood Pressure Modulation

Riboflavin enhances the metabolism of nitric
oxide, improving vasodilation and reducing blood
pressure, especially in genetically susceptible
individuals (McNulty et al., 2006).

Overall Mechanism

The mechanism of action of vitamins in
cardiovascular health encompasses multiple
pathways vital for preventing and managing
cardiovascular diseases (CVDs). Vitamin C, a
potent antioxidant, neutralizes reactive oxygen
species (ROS) to mitigate oxidative stress,
improves nitric oxide (NO) bioavailability for
endothelial function, reduces pro-inflammatory
markers, and supports collagen synthesis for
vascular integrity (Carr & Maggini, 2017; Padayatty
et al, 2003). Vitamin D regulates calcium-
phosphate balance, inhibits vascular calcification,
suppresses inflammation, modulates the renin-
angiotensin-aldosterone system (RAAS), and
enhances endothelial NO availability, reducing

hypertension and atherosclerosis risks (Li et al.,
2002; Norman & Powell, 2014). Vitamin E, a lipid-
soluble antioxidant, prevents LDL oxidation,
reduces inflammatory cytokines, inhibits platelet
aggregation, and promotes vascular -elasticity
through its antioxidant and anti-inflammatory
effects (Brigelius-Flohé & Traber, 1999; Reiter et al.,
2007). The B-complex vitaminslower homocysteine,
an atherogenic marker, improve lipid profiles
through niacin, regulate energy metabolism
via thiamine, and enhance endothelial function
by reducing oxidative stress and promoting
NO bioavailability (Mohan et al., 2023; Carlson,
2005). Collectively, these vitamins act through
antioxidative, anti-inflammatory, lipid-regulating,
and vasodilatory mechanisms to reduce the risk of
CVDs while maintaining vascular health.

CONCLUSION

The review concludes that vitamins play a
critical role in cardiovascular disease (CVD)
prevention and management by modulating
key physiological processes. Vitamins C, D, E,
B complex, and K exhibit antioxidative, anti-
inflammatory, and lipid-regulating properties that
enhance vascular health, reduce oxidative stress,
and prevent atherosclerosis. While promising
evidence supports their potential, variability in
outcomes due to study design, dosage, and patient
population underscores the need for further
research. Excessive supplementation, particularly
of fat-soluble vitamins, poses risks, highlighting
the importance of balanced intake through
diet and supplements. This review emphasizes
integrating vitamins as complementary agents in
CVD care and the necessity for well-designed trials
to establish definitive guidelines for their optimal
use in improving cardiovascular health.

REFERENCES

1. Asbaghi O, Sadeghian M, Nazarian B,
Sarreshtedari M, Mozaffari-Khosravi H, Maleki
V, Alizadeh M, Shokri A, Sadeghi O. The effect
of vitamin E supplementation on selected
inflammatory biomarkers in adults: a systematic
review and meta-analysis of randomized clinical
trials. Sci Rep. 2020;10(1):17234. https://doi.
org/10.1038/s41598-020-73741-6

2. Ashor AW, Siervo M, Lara ], Oggioni C,
Afshar S, Mathers JC. Effect of vitamin C and
vitamin E supplementation on endothelial
function: a systematic review and meta-analysis
of randomised controlled trials. Br ] Nutr.

International Physiology / Volume 12 Number 2-3 / May - December 2024



62

10.

11.

12.

13.

14.

2015;113(8):1182-94.
50007114515000227
Bhattacharjee S, Pal S. Additive protective
effects of selenium and vitamin E against arsenic
induced lipidemic and cardiotoxic effects in
mice. IJPPS. 2014a;6(5):406-413.

Bhattacharjee S, Pal S. Antilipidemic and
cardioprotective effects of vitamin B, and
folic acid against arsenic toxicity. IJPCBS.
2014b;4(2):353-360.

Bhattacharjee S, Chakraborty S, Sharma A,
Chakraborty A, Das PK, Das P, Lodh D,
Chakraborty TR. Molecular Insights into the
Interaction of Vitamin C (Ascorbic Acid) with
Glutathione Peroxidase: A Comprehensive
Computational Study. Med & Analy Chem Int J.
2024;8(1):000188. DOI: 10.23880/ macij-16000188

Brigelius-Flohé R, Traber MG. Vitamin E: function
and metabolism. FASEB J. 1999;13(10):1145-55.
https:/ /doi.org/10.1096/ fasebj.13.10.1145

Carlson LA. Nicotinic acid: the broad-spectrum
lipid drug. A 50th anniversary review. ]
Intern Med. 2005;258(2):94-114. https://doi.
org/10.1111/j.1365-2796.2005.01528.x

Carr AC, Maggini S. Vitamin C and Immune
Function. Nutrients. 2017; 9(11):1211. https://
doi.org/10.3390/nu9111211

Catalgol B, Ozer NK. Protective effects of
vitamin E against hypercholesterolemia-induced
age-related diseases. Genes Nutr. 2012;7(1):91-8.
https:/ /doi.org/10.1007 /512263-011-0235-9

de la Guia-Galipienso F, Martinez-Ferran M,
Vallecillo N, Lavie CJ, Sanchis-Gomar F, Pareja-
Galeano H. Vitamin D and cardiovascular
health. Clin Nutr. 2021;40(5):2946-2957. https://
doi.org/10.1016/j.clnu.2020.12.025

Dhalla NS, Temsah RM, Netticadan T. Role
of oxidative stress in cardiovascular diseases.
] Hypertens. 2000;18(6):655-73. https://doi.
org/10.1097 /00004872-200018060-00002

Di Cesare M, Perel P, Taylor S, Kabudula C,
Bixby H, Gaziano TA, McGhie DV, Mwangi J,
Pervan B, Narula J, Pineiro D, Pinto FJ. The Heart
of the World. Glob Heart. 2024;19(1):11. https://
doi.org/10.5334/gh.1288

Forouhi N.G., Luan ], Cooper A, Boucher BJ,
Wareham NJ. Baseline serum 25-hydroxy vitamin
d is predictive of future glycemic status and
insulin resistance: the Medical Research Council
Ely Prospective Study 1990-2000. Diabetes. 2008;
57(10):2619-25.  https:/ /doi.org/10.2337 / db08-
0593

Friso S, Jacques PF, Wilson PW, Rosenberg

https://doi.org/10.1017/

IH, Selhub J. Low circulating vitamin
B(6) is associated with elevation of the
inflammation =~ marker = C-reactive  protein

independently of plasma homocysteine levels.
Circulation. 2001;103(23):2788-91. https:/ /doi.
org/10.1161/01.cir.103.23.2788

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hou YC, Liu WC, Zheng CM, Zheng JQ, Yen TH,
Lu KC. Role of Vitamin D in Uremic Vascular
Calcification. Biomed Res Int. 2017;2017:2803579.
https:/ /doi.org/10.1155/2017 /2803579

Juraschek SP, Guallar E, Appel L], Miller ER
3rd. Effects of vitamin C supplementation on
blood pressure: a meta-analysis of randomized
controlled trials. Am J Clin Nutr. 2012;95(5):1079-
88. https:/ /doi.org/10.3945/ ajcn.111.027995

Khatana C, Saini NK, Chakrabarti S, Saini V,
Sharma A, Saini RV, Saini AK. Mechanistic
Insights into the Oxidized Low-Density
Lipoprotein-Induced Atherosclerosis. Oxid Med
Cell Longev. 2020;2020:5245308. https://doi.
org/10.1155/2020/ 5245308

Kim DH, Meza CA, Clarke H, Kim ]S, Hickner RC.
Vitamin D and Endothelial Function. Nutrients. 2020;
12(2):575. https:/ / doi.org/10.3390/nu12020575

Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao
LP. 1,25-Dihydroxyvitamin D(3) is a negative
endocrine regulator of the renin-angiotensin
system. ] Clin Invest. 2002;110(2):229-38. https:/ /
doi.org/10.1172/]JCI15219

Marchioli R, Schweiger C, Levantesi G,
Tavazzi L, Valagussa F. Antioxidant vitamins
and prevention of cardiovascular disease:
epidemiological and clinical trial data. Lipids.
2001;36 Suppl:S53-63. https://doi.org/10.1007/
511745-001-0683-y

May JM, Harrison FE. Role of vitamin C in the
function of the vascular endothelium. Antioxid
Redox Signal. 2013;19(17):2068-83.https:/ / doi.
org/10.1089/ars.2013.5205

McNulty H, Dowey le RC, Strain JJ, Dunne A,
Ward M, Molloy AM, McAnena LB, Hughes JP,
Hannon-Fletcher M, Scott JM. Riboflavin lowers
homocysteine in individuals homozygous for the
MTHFR 677C->T polymorphism. Circulation.
2006;113(1):74-80. https://doi.org/10.1161/
Circulationaha.105.580332

Meydani SN, Meydani M, Blumberg JB, Leka
LS, Siber G, Loszewski R, Thompson C, Pedrosa
MC, Diamond RD, Stollar BD. Vitamin E
supplementation and in vivo immune response in
healthy elderly subjects. A randomized controlled
trial. JAMA. 1997; 277(17):1380-6. https:/ /doi.
org/10.1001/jama.1997.03540410058031

Mohan A, Kumar R, Kumar V, Yadav M.
Homocysteine, Vitamin B12 and Folate Level:
Possible Risk Factors in the Progression of
Chronic Heart and Kidney Disorders. Curr
Cardiol Rev. 2023;19(4):e090223213539. https://
doi.org/10.2174/1573403X19666230209111854

Morelli MB, Gambardella J, Castellanos
V, Trimarco V, Santulli G. Vitamin C
and Cardiovascular Disease: An Update.

Antioxidants (Basel). 2020;9(12):1227.https://
doi.org/10.3390/antiox9121227

Mrowicka M, Mrowicki J, Dragan G, Majsterek
I. The importance of thiamine (vitamin B1) in

International Physiology / Volume 12 Number 2-3 / May - December 2024



27.

28.

29.

30.

31.

32.

33.

34.

Ankush Sharma, Shubhadeep Chakraborty, Surajit Bhattacharjee, Novel Approach of Ameliorative Role of 63
Different Vitamins in the Prevention of Cardiovascular Diseases

humans. Biosci Rep. 2023; 43(10):BSR20230374.
https:/ / doi.org/10.1042/ BSR20230374

Miinzel T, Camici GG, Maack C, Bonetti NR,
Fuster V, Kovacic JC. Impact of Oxidative Stress
on the Heart and Vasculature: Part 2 of a 3-Part
Series. ] Am Coll Cardiol. 2017; 70(2):212-229.
https:/ /doi.org/10.1016/j.jacc.2017.05.035
Nardin M, Verdoia M, Nardin S, Cao D, Chiarito
M, Kedhi E, Galasso G, Condorelli G, De Luca
G. Vitamin D and Cardiovascular Diseases: From
Physiology to Pathophysiology and Outcomes.
Biomedicines. 2024; 12(4):768. https://doi.
org/10.3390/biomedicines12040768

Norman PE, Powell JT. Vitamin D and
cardiovascular disease. Circ Res. 2014;
114(2):379-93. https:/ /doi.org/10.1161/
CIRCRESAHA.113.301241

Padayatty SJ, Katz A, Wang Y, Eck P, Kwon
O, Lee JH, Chen S, Corpe C, Dutta A, Dutta
SK, Levine M. Vitamin C as an antioxidant:
evaluation of its role in disease prevention. ] Am
Coll Nutr. 2003; 22(1):18-35. https:/ /doi.org/10.
1080/07315724.2003.10719272

Pilz S, Verheyen N, Griibler MR, Tomaschitz A,
Maérz W. Vitamin D and cardiovascular disease
prevention. Nat Rev Cardiol. 2016;13(7):404-17.
https:/ /doi.org/10.1038 /nrcardio.2016.73
Reddy P, Jialal I. Biochemistry, Fat Soluble
Vitamins. [Updated 2022 Sep 19]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK534869/
Reiter E, Jiang Q, Christen S. Anti-inflammatory
properties of alpha- and gamma-tocopherol. Mol
Aspects Med. 2007; 28(5-6):668-91. https:/ /doi.
org/10.1016/j.mam.2007.01.003

Retsky KL, Freeman MW, Frei B. Ascorbic acid
oxidation product(s) protect human low density

35.

36.

37.

38.

39.

40.

lipoprotein against atherogenic modification.
Anti- rather than prooxidant activity of vitamin
C in the presence of transition metal ions. ] Biol
Chem. 1993; 268(2):1304-9

Roberts L] 2nd, Oates JA, Linton MF, Fazio S,
Meador BP, Gross MD, Shyr Y, Morrow JD.
The relationship between dose of vitamin E and
suppression of oxidative stress in humans. Free
Radic Biol Med. 2007; 43(10):1388-93.https://
doi.org/10.1016/j.freeradbiomed.2007.06.019

Simsek B, Selte A, Egeli BH, Cakatay U. Effects of
vitamin supplements on clinical cardiovascular
outcomes: Time to move on! - A comprehensive
review. Clin Nutr ESPEN. 2021; 42:1-14. https://
doi.org/10.1016/j.cInesp.2021.02.014

Steiner M. (1999). Vitamin E, a modifier
of platelet function: rationale and wuse in
cardiovascular and cerebrovascular disease.
Nut. Rev. 1999; 57(10):306-309. https://doi.
org/10.1111/j.1753-4887.1999.tb06903.x

Su JB. Vascular endothelial dysfunction and
pharmacological treatment. World ] Cardiol.
2015; 7(11):719-41.https:/ /doi.org/10.4330/ wjc.
v7.i11.719

Upston JM, Kritharides L, Stocker R. The role
of vitamin E in atherosclerosis. Prog Lipid Res.
2003; 42(5):405-22. https://doi.org/10.1016/
s0163-7827(03)00024-9

van Gorp RH, Baaten CCFM]J, Habibi A, Jaminon
AMG, Peeters FECM, Leenders P, Crijns
HJGMC, Heemskerk JWM, Reutelingsperger CP,
Spronk HM, Schurgers L]. Vitamin K antagonist
use induces calcification and atherosclerotic
plaque progression resulting in increased
hypercoagulability. Eur Heart ] Open. 2021;
1(2):0eab017. https:/ /doi.org/10.1093/ ehjopen/
oeab017

International Physiology / Volume 12 Number 2-3 / May - December 2024



Letter to Editor

International Physiology
Volume 12 Number 3-4, May - December 2024
DOI: https:/ /dx.doi.org/10.21088 /ip.2347.1506.122234.4

A Call for Commitment to Scholarly Ethics in Medical Research and

Education

Prerna Agarwal

Assistant Professor, Department of Physiology, Government Institute of Medical Sciences, Greater Noida 201310, Uttar

Pradesh, India.
E-mail: dr.preranaagarwal@gmail.com

Abstract

Ethics form the cornerstone of academic work, guiding individuals in their pursuit of
knowledge, truth, and intellectual growth. They emphasize honesty, integrity, and ethical
conduct in all academic endeavors, fostering a culture of trust and respect. However, there
have been many retractions of published papers from journals of great repute in recent
years. Such incidents underscore the importance of scholarly ethics in medical education
and research. As educators and researchers, we bear the responsibility of modelling ethical
standards, which form the foundation of trust in academia and healthcare.

Keywords: Ethics, Research; Plagiarism; Retraction of Publication; Biomedical Research.

Recently, there have been many retractions of
published papers fromjournals of great repute. Such
incidents underscore the importance of scholarly
ethics in medical education and research.” Ethics
form the cornerstone of academic work, guiding
individuals in their pursuit of knowledge, truth,
and intellectual growth. They emphasize honesty,
integrity, and ethical conduct in all academic
endeavors, fostering a culture of trust and respect.
Honesty is especially central to scholarly ethics,
requiring accurate and transparent representation
of ideas and research findings. The growing
pressure to publish has notably increased unethical
practices among students, faculty, and researchers.
Practices such as plagiarism, data manipulation,
and ghost authorship not only compromise
academic integrity but also erode trust within the
community. Plagiarism—the use of others” ideas
or work without proper attribution—seriously
undermines academic integrity and erodes trust
within the academic community. Similarly, while
collaboration is vital for exchanging ideas, it is
essential to distinguish it from cheating, ensuring
fair contributions and proper acknowledgment.
Failing to do so compromises individual and
institutional credibility and undermines the
integrity of medical science, which can ultimately

@ @@@ This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 4.0.

impact patient care. Another unethical practice
that has increasingly plagued academia is the
submission of fake peer reviews using the names
of preferred reviewers, further compromising the
integrity of the scholarly process.®*?>

As educators and researchers, we bear the
responsibility of modelling ethical standards,
which form the foundation of trust in academia
and healthcare. Researchers must conduct studies
ethically, protecting participants’” rights and
ensuring the validity and reliability of findings.
Equally important is upholding ethical principles
in authorship and publication, ensuring that
contributions are fairly represented, credit is
properly assigned, and the highest standards of
integrity are maintained in research reporting.

To address challenges to scholarly ethics, higher
education institutions should establish clear
guidelines and promote academic honesty through
integrity policies, workshops, and rigorous peer-
review processes. Faculty must lead by example,
mentoring students on transparency, honesty, and
accountability.l also advocate for academic journals
to maintain stringent review and plagiarism
detection processes and encourage authors toadhere
to the highest ethical standards. By upholding these
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principles, we can create an environment where 3.

academic excellence is achieved through merit and
integrity. Our commitment to scholarly ethics will
go a long way in the advancement of healthcare
research.
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Introduction

State the background of the study and purpose
of the study and summarize the rationale for the
study or observation.

Methods

The methods section should include only
information that was available at the time the
plan or protocol for the study was written such as
study approach, design, type of sample, sample
size, sampling technique, setting of the study,
description of data collection tools and methods;
all information obtained during the conduct of the
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Reports of randomized clinical trials should
be based on the CONSORT Statement (http://
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Results
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and interpretation); Interpretation and implications
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Copyrights

The whole of the literary matter in the journal is
copyright and cannot be reproduced without the
written permission.

Declaration

A declaration should be submitted stating that
the manuscript represents valid work and that
neither this manuscript nor one with substantially
similar content under the present authorship
has been published or is being considered for
publication elsewhere and the authorship of this
article will not be contested by any one whose
name(s) is/are not listed here, and that the order of
authorship as placed in the manuscript is final and
accepted by the co-authors. Declarations should be
signed by all the authors in the order in which they
are mentioned in the original manuscript. Matters
appearing in the Journal are covered by copyright
but no objection will be made to their reproduction
provided permission is obtained from the Editor
prior to publication and due acknowledgment of

International Physiology / Volume 12 Number 2-3 / May - December 2024



71

Guidelines for Authors

the source is made.

Approval of Ethics Committee

We need the Ethics committee approval letter
from an Institutional ethical committee (IEC) or
an institutional review board (IRB) to publish
your Research article or author should submit a
statement that the study does not require ethics
approval along with evidence. The evidence could
either be consent from patients is available and
there are no ethics issues in the paper or a letter
from an IRB stating that the study in question does
not require ethics approval.

Abbreviations

Standard abbreviations should be used and be
spelt out when first used in the text. Abbreviations
should not be used in the title or abstract.

Checklist
*  Manuscript Title
*  Covering letter: Signed by all contributors

* Previous publication/ presentations
mentioned, Source of funding mentioned

e Conflicts of interest disclosed

Authors
e Middle name initials provided.

e Author for correspondence, with e-mail
address provided.

*  Number of contributors restricted as per the
instructions.

* Identity not revealed in paper except title page
(e.g. name of the institute in Methods, citing
previous study as ‘our study’)

Presentation and Format
* Double spacing
* Margins 2.5 cm from all four sides

» Title page contains all the desired information.
Running title provided (not more than 50

characters)

* Abstract page contains the full title of the
manuscript

e Abstract provided: Structured abstract

provided for an original article.

* Keywords provided (three or more)

¢ Introduction of 75-100 words

* Headings in title case (not ALL CAPITALS).
References cited in square brackets

*  References according to the journal’s instructions

Language and grammar
e Uniformly American English

*  Abbreviations spelt out in full for the first time.
Numerals from 1 to 10 spelt out

*  Numerals at the beginning of the sentence spelt out

Tables and Fig.s
*  No repetition of data in tables and graphs and in
text.

* Actual numbers from which graphs drawn,
provided.

*  Fig.snecessary and of good quality (color)

e Table and Fig. numbers in Arabic letters (not
Roman).

*  Labels pasted on back of the photographs (no names
written)

* Fig. legends provided (not more than 40 words)

e Patients’ privacy maintained, (if not permission
taken)

*  Credit note for borrowed Fig.s/tables provided

e  Manuscript provided on a CDROM (with double
spacing)

Submitting the Manuscript
* Isthejournal editor’s contact information current?

e Is the cover letter included with the manuscript?
Does the letter:

1. Include the author’s postal address, e-mail address,
telephone number, and fax number for future
correspondence?

2. State that the manuscript is original, not previously
published, and not under concurrent consideration
elsewhere?

3. Inform the journal editor of the existence of any
similar published manuscripts written by the
author?

4. Mention any supplemental material you are
submitting for the online version of your
article. Contributors’” Form (to be modified as
applicable and one signed copy attached with the
manuscript)

International Physiology / Volume 12 Number 2-3 / May - December 2024



72

Instructions to Authors

Submission to the journal must comply with the Guidelines for Authors.
Non-compliant submission will be returned to the author for correction.

To access the online submission system and for the most up-to-date version of the Guide
for Authors please visit: http:/ /www.rfppl.co.in

Technical problems or general questions on publishing with IP are supported by
Red Flower Publication Pvt. Ltd.'s Author Support team
(http:/ /rfppl.co.in/article_submission_system.php?mid=5#)

Alternatively, please contact the Journal’s Editorial Office for further assistance.

Editorial Manager
Red Flower Publication Pvt. Ltd.
48/41-42, DSIDC, Pocket-11
Mayur Vihar Phase-I
Delhi - 110 091(India)
Mobile: 9821671871, Phone: 91-11-79695648
E-mail: author@rfppl.co.in

International Physiology / Volume 12 Number 2-3 / May - December 2024



