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Magnesium (Mg) is the second most abundant intracellular cation and the fourth most abundant mineral in the human body.
Mg is involved in multiple biochemical reactions, and its numerous activities are beneficial to our bodies. This review
outlines the health significance of Mg in its physiologically beneficial role in function, the sources of dietary Mg along
with symptoms of Mg deficiency and the health problems that come from it. Mg is a cofactor in various (more than 300)
enzymes and essential for the synthesis of certain neurotransmitters, muscle cells’ capacity to contract and relax, and brain
functionality. The proper levels of Mg in cells are achieved through membrane channels and transporters (e.g., TRPM7,
MagT1, SLC41A1). These include green leafy vegetables, nuts, seeds, legumes, and whole grains as good sources for Mg.
Low levels of such an essential substance in the body can heighten susceptibility to chronic diseases such as metabolic
syndrome, Type 2 diabetes, obesity, and cardiovascular morbidity. And inadequate Mg can manifest in symptoms like
muscle weakness, fatigue, and cardiac arrhythmias. Not only that, but adequate Mg is needed to maintain bone density and
reduce susceptibility to osteoporosis. A sufficient intake of Mg will help to mitigate health problems caused by a deficit of
Mg and reduce the incidence of chronic diseases. Healthcare providers need to educate patients on consuming Mg-rich
foods and, when indicated, when Mg supplementation is indicated, especially with high-risk individuals and/or those with
chronic conditions.
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INTRODUCTION Mg in our diets, therefore resulting in a higher incidence

f Mg defici d 71.
As an essential mineral, magnesium (Mg) is the of Mg deficiency syndromes [7]

fourth most commonly occurring cation in the human
body and plays a crucial role due to its multifaceted
physiological and biochemical functions [1]. Magnesium
is amongst the most prevalent intracellular cations.
Second only to potassium, Mg is essential to cellular
functions [2]. Approximately 50-60% of the body's Mg
is found in the bones, while the remaining 40-50% of Mg
is stored in the soft tissue and the intracellular
compartment [3]. Magnesium stored in the tissues and
intracellular compartment is critical for regulating the
activity of enzymes; energy metabolism; and moving
ions through cell membranes [4]. Even though Mg has
many essential biological functions, Mg deficiency is an
issue all over the world and is a growing public health
issue. Not getting enough Mg through diet, poor stomach
absorption of Mg, too much Mg loss through urine, and
losses through excessive sweat due to physical activity
are some of the ways low Mg will cause a magnesium
deficiency [5, 6]. More recent dietary trends, which
include an increased intake of processed and refined
foods, have played a significant role in the decrease of

Normal cellular function requires Mg.
Magnesium is a cofactor for more than 300 enzymes.
Enzymes that function in geological and ludimia-
synthesis, and more generally to power the body's energy
metabolism, function through Mg [8]. Magnesium
functions with ATP, the chemical energy used by cells to
produce energy. At the outset, magnesium and ATP are
connected as a full complex (Mg-ATP). In cases where
the amount of magnesium in a cell is insufficient, there
will be a negative impact on the ability of the cells to
utilize ATP and to transfer energy [4]. As a result,
magnesium deficiency can negatively impact the
generation of energy within cells, resulting in fatigue,
muscle weakness, and decreased performance [9]. In
addition to metabolic activities, magnesium also has a
significant role in neuromuscular function and the
cardiovascular system [10, 11]. It acts as an ion channel
regulator, stabilizer of cell membranes, and controls the
flow of calcium, potassium, sodium, and other ions
across the cell membrane [2]. As a result, magnesium
plays a key role in nerve impulse transmission, muscle
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contraction/relaxation, and maintaining a regular
heartbeat [12]. Within the nervous system, magnesium is
active in neurotransmitter release and synaptic plasticity,
which are necessary for healthy cognitive and emotional
well-being [13]. Disruption of magnesium balance has
been linked to neurological disorders, changes in mood
(depression/anxiety), and increased stress responses
[14].

While helping maintain strong bones through
proper mineral composition and healthy calcium
metabolism, magnesium also activates Vitamin D,
regulating calcium absorption and how much bone is
broken down and rebuilt (bone turnover). A low level of
Magnesium can disrupt the natural equilibrium between
bone growth and bone loss, putting patients at risk for
osteoporosis and fractures. In addition to bone health,
Magnesium is critical to maintaining proper immune
function and modulating inflammatory responses,
establishing magnesium as a key mineral in supporting
systemic health and function. The body maintains its
concentration of magnesium using a variety of
mechanisms to both absorb magnesium through the
intestines and excrete or store it through the kidneys.
Additionally, several transport proteins/channels assist
with the movement of magnesium into and out of cells,
including transient receptor potential melastatin 6/7
(TRPM6/7), magnesium transporter 1 (MagT1), and
solute carrier family 41 member 1 (SLC41Al). A
problem with any of these transport mechanisms hinders
the proper absorption and distribution of magnesium in
the body, greatly increasing the chance of developing a
magnesium deficiency. Magnesium comes from a
variety of food sources, including green leafy vegetables,
legumes, nuts, seeds, and whole grains. In spite of this
wide choice of dietary sources, research suggests that
many people do not consume enough magnesium. Low
magnesium intake can lead to an increased risk for
several chronic conditions, including metabolic
syndrome, Type 2 diabetes, obesity, hypertension, and
cardiovascular  disease, making magnesium an
increasingly important nutrient to consider in both the
clinical and research settings. This review will outline
the biological functions of magnesium in humans, as
well as the regulatory mechanisms that are responsible
for maintaining normal levels of magnesium in our
bodies. Additionally, the review will discuss the different
food sources of magnesium, plus the health-related
complications resulting from insufficient magnesium
intake, thereby providing a comprehensive overview of
the relationship between magnesium and the health
promotion of humans.

Distribution of Magnesium:

An adult has approximately 24 g of magnesium
in his or her body and almost 99% of it is found inside
the cells, mostly in the bones, muscles, and non-muscular
soft tissues. The other 1% is found outside of the cells.
Of the total amount of magnesium stored in the body,
approximately half to a little over half is stored as part of

the bone and the other half to a little less than half is
found in soft tissues and other intracellular
compartments [15]. Bone acts as a large reservoir for
magnesium because it can easily release magnesium and
help stabilize any sudden changes in the amount of
magnesium in the bloodstream. About 33% of the
magnesium stored in bone is readily available for
exchange and helps to keep the level of magnesium in
the bloodstream (extracellular) stable; this is called the
buffering effect [1]. The intracellular concentration of
magnesium is between 5 and 20 mmol/l and 1-5% of this
magnesium is ionized, while the rest is bound to proteins,
other negatively charged molecules, and ATP [16]. The
amount of extracellular magnesium is about 1% of the
total amount of magnesium in the body and is found
primarily in serum and red blood cells. The level of
magnesium in serum consists of three separate fractions,
i.e., the ionized, protein-bound, and complex fractions.
The normal serum magnesium level is between 1.7 and
2.6 mg/dl [17].

Homeostasis of Magnesium:

Magnesium that is absorbed through the
intestine is balanced by the excretion of Mg through the
kidneys, and any acute shortages of Mg are compensated
for through the release of Mg from the bones to maintain
anormal serum level of Mg [18]. Therefore, the intestine,
kidney, and bone make up three primary organs that
regulate and maintain Mg homeostasis.

Most of the Mg the body absorbs occurs in the
jejunum and ileum part of the small intestine via two
mechanisms: Passive paracellular transport and active
transcellular transport. Passive transport occurs through
the tight junctions of enterocytes, while active transport
is done by means of specific Mg transporters called
transient receptor potential melastatin channels 6
(TRPM6) and TRPM7, which help Mg move into the
enterocytes [19]. The Mg absorption process is also
influenced by vitamin D status, total dietary intake, and
other nutrients present [20].

Once Mg has been absorbed into the blood
stream, it is moved throughout the body, with about 99%
of all magnesium stored in the bone and soft tissues, 60%
in bone tissue, and 40% in soft tissue. The rest is found
in just 1% of the extracellular space, but this small
amount of magnesium serves many important functions
within the body [2]. The kidneys are very important
regulators of magnesium balance for the body. After
filtration, approximately 20 to 30 percent of the filtered
magnesium is reabsorbed into the proximal tubule, 60 to
70 percent is reabsorbed in the thick ascending limb of
the loop of Henle, and approximately 5 to 10 percent is
reabsorbed in the distal convoluted tubule [17].
Therefore, the quantity of magnesium excreted from the
kidneys is precisely regulated according to the body's
needs. Parathyroid hormone (PTH) and calcitonin are
reported as the principal players of magnesium
homeostasis. PTH promotes the renal reabsorption and
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calcitonin promotes magnesium retention. In the other
hand vitamin D enhance the intestinal absorption of
magnesium [21].
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Figure 1: Absorption and excretion of magnesium

Recommended Daily Allowance
magnesium:

The RDA for magnesium varies depending on
the individual’s gender, age, and life cycle. Adult males
are recommended to get 400-420 mg of magnesium
daily, while adult females are recommended to get 310-
320 mg daily [22]. Adolescents, pregnant and
breastfeeding women, and those who perform high levels
of aerobic exercise are recommended to have higher
amounts of magnesium intake [23]. A deficiency of
magnesium can lead to various health problems
including muscle cramps, tiredness/fatigue, weakness,
cardiovascular issues and possible long-term effects.
Studies have shown that people with long-term
magnesium deficiencies are at greater risk of developing
cardiovascular diseases, having Type 2 Diabetes,
migraines and osteoporosis [24].

(RDA)  of

Causes of magnesium deficiency:

Magnesium is a mineral that plays an important
role in numerous body functions. Insufficient Mg intake
has become a global issue and is now the primary cause
of Mg deficiency. Most people are consuming less than
the recommended daily intake of Mg [25]. Increasingly
refined food choices, a lack of Mg-rich leafy greens in
the diet, food preparation and cooking methods that
decrease Mg levels, as well as foods rich in phytic acid,
pathogenic gut organisms, and glyphosate exposure all
contribute to lower dietary magnesium levels and
decreased absorption of Mg from the gastrointestinal

tract. [26] Other factors that may lead to Mg deficiency
are excessive alcohol use; inherited disorders that affect
renal transport of Mg; endocrine disorders (type 2
diabetes); and use of some medications that can interfere
with Mg absorption, including diuretics, proton pump
inhibitors, cardiac glycosides, calcineurin inhibitors,
aminoglycoside antibiotics, and amphotericin B [27].

Magnesium, Obesity and Metabolic Syndrome

Metabolic syndrome (MS), a well-characterized
comorbidity of obesity, recently have become a major
public health concern in the world. The obesity and
metabolic syndrome (MS) are interrelated with each
other and are characterized by the excessive
accumulation of fat [28, 29]. Obesity implies just the
excess accumulation of fat, however MS is a condition
of excess fat accumulation along with the low-grade
inflammation, leading to central obesity, hypertension,
dyslipidemia and insulin resistance [29].

The term "obesity" refers to an individual
having an abnormally high amount of body fat.
Metabolic Syndrome, also known as obesity related
comorbidity, is gaining prominence as a global public
health problem [30]. There is a strong correlation
between MS and obesity, as both conditions exhibit
excessive body fat accumulation. While the term
"obesity" generally refers to an individual storing an
excessive amount of fat, the MS requires additional
criteria that indicate a low-grade inflammatory response
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associated with this storage of fat [31, 32]. These
inflammatory responses will usually be characterized by
having elevated blood pressure, dyslipidemia, and
decreased insulin sensitivity in the body [33].

The complexity of obesity and the lack of clarity
surrounding its pathophysiology is matched only by the
complexity of its causes. While there is much debate
regarding the exact role played by different factors, there
is no doubt that the environment, sedentary lifestyles,
and unhealthy dietary patterns are the primary
contributors to the development of obesity [29]. The
result of this combination of risk factors is that many
obese individuals suffer from Mg deficiency as
documented by numerous studies [34, 35, 36]. Obese
individuals demonstrate highly elevated rates of hepatic
glucose metabolism; as such, many of the enzymes
associated with the metabolic processes involved in the
breakdown of glucose are dependent on Mg [37].
Furthermore, Mg is an essential nutrient needed to
convert vitamin Bl to the bioactive form thiamine
diphosphate (TDP), an important coenzyme in oxidative
metabolism [38]. A decrease in the amount of
intracellular Mg can lead to decreased activity of TDP-
dependent pyruvate dehydrogenase (an enzyme involved
in the conversion of pyruvate to acetyl CoA), thereby
driving glucose metabolism toward the oxidative phase
of the pentose phosphate pathway, increasing the
amounts of NADPH produced [37]. Increased levels of
NADPH support the anabolism of fatty acids, leading to
the reformation of triglycerides and increased secretion
of very-low-density lipoproteins [39]. Ultimately, this
results in an increase of triglyceride formation and
storage in adipocytes, thereby worsening obesity and

increasing the risk of comorbid conditions associated
with obesity.

The main characteristics of MS include central
obesity, long-term low-grade inflammation, high blood
sugar, insulin resistance, and combinations of high blood
pressure, high triglycerides, and low HDL cholesterol
[40]. Low dietary Mg consumption has been linked to an
increased risk of developing MS. Mg consumption and
MS were found to be inversely correlated in a meta-
analysis by Youngyo Kim ef al., [41]. In a similar vein,
individuals who took more magnesium had a lower
likelihood of acquiring MS, in ten-year research
evaluating the association between magnesium
consumption and MS-related risk [42]. Additionally, an
analysis of China Health and Nutrition Survey (CHNS)
participants revealed a strong correlation between
magnesium consumption and MS, as well as all of its risk
factors [43].

Another study conducted in Siberia by Zorica
Rasic et al. shown that Mg supplementation may be a
useful strategy for preventing MS in regions with low
Mg levels in drinking water [44]. It has been estimated
that, MS increases the risk of myocardial infarction by
three to four times and stroke by two to four times [29].
When these two disorders are combined, morbidity and
mortality increase dramatically. A statistically
significant reduction in risk factors for cardiovascular
disease (CVD), type 2 diabetes mellitus, and overall
mortality is associated with maintaining an appropriate
intake of magnesium. Additionally, individuals who
have enough magnesium in their blood are less likely to
develop cardiovascular disease [45].

Magnesium intake
Intestinal absorption
Impaired renal function
Drugs
Genetic factors

Obesity

IR
Impaired glucose tolerance
('intracellular Mg )

Inflammation
Cytokines
Oxidative stress

‘ — Metabolic Syndrome d
Type 2 diabetes » ; HTN

Figure 2: Illustrating the consequences of Mg deficiency
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Magnesium and type 2 diabetes mellitus

A chronic deficiency of the mineral Mg has
been documented to be a contributing factor to the onset
of type 2 diabetes mellitus (T2DM) [46]. The incidence
of Mg deficiency is especially high in T2DM individuals
whose levels are poorly controlled, have been diagnosed
with T2DM for long periods, and/or have chronic
microvascular or  macrovascular  complications
associated with T2DM [45]. Increased insulin resistance
and a disrupted tricarboxylic acid cycle, which plays a
critical role in energy metabolism, can result from
chronic insufficiency in magnesium [6]. Therefore, this
condition is thought to be associated with an increased
risk of developing T2DM. A reduced intracellular Mg
concentration has been found in T2DM patients, in
comparison to nondiabetic individuals. In a meta-
analysis of 286,668 individuals, the results concluded
that people who maintain their daily magnesium
consumption at or above 100 mg experience a decrease
in their risk for developing T2DM by 15% [47]. The
mechanisms through which Mg deficiency occurs in
those with T2DM remain not completely known, but the
storage of Mg in the cells may be inhibited due to
insufficient cellular Mg uptake or complications related
to the production and use of ATP. An increased loss of
Mg through urine, due to altered renal function, may play
a crucial role in the development of Mg deficiencies in
patients with T2DM [48].

Magnesium and cardiovascular disorders
Magnesium deficiency manifests in two forms:
hypomagnesemia and chronic latent magnesium
deficiency. Hypomagnesemia is easily recognized,
resulting in decreased serum magnesium levels (less than
1.5-1.8 mg/dL) [49]. On the other hand, chronic latent
deficiency may remain stable despite normal serum
concentrations, complicating its detection. This form
requires a magnesium tolerance assessment using
intravenous infusion and urine testing to identify it [6].
However, it is complex and also not always available in
the late 1990s and early 2000s, it became evident that
insufficient dietary magnesium could result in
hypomagnesemia, which may have an impact on
cardiovascular function [7]. Prior studies have shown
that Mg presence in blood has a negative association with
the occurrence of several cardiovascular diseases,
including hypertension, stroke, ischemic heart disease,
abnormal lipid profiles, heart failure, and overall
cardiovascular morbidity and mortality [50]. Mg has
been shown to have important functions in
cardiovascular system like facilitating flow of ions
across cell ~membranes, endothelium-dependent
vasodilation, lowering blood pressure, mitigating
inflammation, improving insulin sensitivity, and glucose
metabolism. As well, magnesium partially regulates
ionic channels for calcium, sodium, and potassium [51].
Mg also shows antiplatelet and anticoagulant action that
serve as endogenous calcium inhibitors [52]. The
transient and sustained calcium channel antagonism with
Mg is particularly protective against activation.

Furthermore, magnesium is involved in coronary vessel
spasm reduction and regulating vascular muscle tone and
systemic arterial blood pressure. [53] Hypomagnesemia
impairs these reactions and causes increased
concentration of sodium and calcium in the cytoplasm.
Intracellular levels of calcium also have been associated
with ischemia in the heart. In response to physiological
signals, Mg enters the cell through membrane-integrated
Mg transporter proteins [54, 55]. Research indicates that
Mg plays a role in numerous cellular functions, notably
within mitochondria, which act as the main intracellular
reservoir for Mg. Changes in the distribution of
mitochondrial Mg have been shown to affect both
mitochondrial integrity and ATP production [56].

Magnesium and inflammatory reactions

Animal studies indicate that insufficient
magnesium levels can initiate an inflammatory response.
This response activates leukocytes and macrophages,
leading to the release of inflammatory cytokines and
acute-phase proteins, alongside an increase in free
radicals [57]. The inflammatory process involves the
activation of phagocytic cells, which triggers a reaction
characterized by elevated levels of substance P, a
tachykinin neuropeptide that encourages the secretion of
pro-inflammatory cytokines and stimulates nuclear
factor kappa B (NFkB), a transcription factor responsible
for regulating genes associated with inflammation [58].
A lack of magnesium increases the recruitment of
phagocytic cells, resulting in heightened production of
reactive oxygen species (ROS) [57]. The excessive
generation of ROS can lead to tissue damage, thus
categorizing inflammatory stress as a contributing factor
for various chronic diseases. Additionally, an increased
entry of intracellular Ca?" through the N-methyl-D-
aspartate receptor has been connected to higher
production of substance P, which correlates with
elevated pro-inflammatory cytokine levels in animals
deficient in magnesium [59]. Recent research suggests
that magnesium deficiency is associated with NFkB's
role in promoting TNF-alpha and IL-1B expression [60].

Under conditions of magnesium scarcity,
intracellular Ca®" concentrations rise due to increased
influx through Ca?' transporter channels and greater
release from cellular reservoirs like the sarcoplasmic
reticulum [61]. These observations suggest that rising
cellular Ca?" is a crucial mechanism through which
magnesium deficiency induces inflammatory stress.

Magnesium and muscle contraction

Magnesium is vital for both muscle contraction
and relaxation. It regulates calcium homeostasis, a
fundamental process in muscle physiology [62]. By
blocking calcium channels, magnesium aids in muscle
relaxation by preventing excessive calcium entry into
muscle cells [56]. A magnesium deficiency has been
linked to issues such as muscle cramps, impaired muscle
function, and spasms [56]. Additionally, magnesium is
crucial for energy metabolism because it acts as a

© 2026 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 195



Birendra Kumar Jha; Saudi J Med, May, 2026; 11(5): 191-198

cofactor in the production of ATP within muscle cells
[63]. Numerous studies emphasize the significance of
magnesium supplementation for enhancing muscle
function and performance, underscoring the importance
of maintaining adequate magnesium levels [56, 52, 64].

CONCLUSION

Magnesium is a key micronutrient that is
involved in hundreds of enzymatic reactions regulating
energy metabolism, protein synthesis, and nucleic acid
stability. It helps muscle contraction and relaxation,
neurotransmitter synthesis, and neuromuscular function.
Magnesium is also important for bone health, immune
modulation, and ion transport (most notably calcium and
potassium balance). Even though magnesium is
important, deficiency of magnesium is prevalent due to
poor diet, processed food intake, absorption problems,
certain diseases, or medications. And the intake of
valuable things like leafy greens, whole grains, legumes,
nuts, and seeds are too little and often underconsumed. A
deficiency is linked to elevated susceptibility to
metabolic syndrome, type 2 diabetes, obesity, and certain
cardiovascular diseases. It’s also connected to chronic
inflammation and neuromuscular signs such as cramps
and fatigue. It is very important to get adequate amounts
through a well-balanced diet, supplemented in high-risk
populations if necessary. Healthcare providers are the
gatekeepers of deficiency and ensure the right intake and
the right supplementation. More awareness and
additional research are required to enhance magnesium
status and improve health status.
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