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Abstract: Non-alcoholic steatohepatitis (NASH) is characterized by an abnormal hepatic lipid accu-
mulation accompanied by a necro-inflammatory process and a fibrotic response. It comprises from
10% to 30% of cases of patients with non-alcoholic liver disease, which is a global health problem
affecting around a quarter of the worldwide population. Nevertheless, the development of NASH is
often surrounded by a pathological context with other comorbidities, such as cardiovascular diseases,
obesity, insulin resistance or type 2 diabetes mellitus. Dietary imbalances are increasingly recognized
as the root cause of these NASH-related comorbidities. In this context, a growing concern exists about
whether magnesium consumption in the general population is sufficient. Hypomagnesemia is a
hallmark of the aforementioned NASH comorbidities, and deficiencies in magnesium are also widely
related to the triggering of complications that aggravate NASH or derived pathologies. Moreover,
the supplementation of this cation has proved to reduce mortality from hepatic complications. In the
present review, the role of magnesium in NASH and related comorbidities has been characterized,
unraveling the relevance of maintaining the homeostasis of this cation for the correct functioning of
the organism.

Keywords: non-alcoholic steatohepatitis (NASH); magnesium (Mg2+); obesity; insulin resistance
(IR); type 2 diabetes mellitus (T2DM); hypertension; cardiovascular diseases (CVD)

1. Introduction
1.1. Non-Alcoholic Steatohepatitis: An Overview

Non-alcoholic steatohepatitis, or NASH, is a term used to define a pathophysiological
stage of the liver characterized by an abnormal lipid accumulation (steatosis), inflam-
mation, hepatocellular damage and fibrosis development [1]. NASH is included in the
group of conditions that define the spectrum of non-alcoholic fatty liver disease (NAFLD),
together with non-alcoholic fatty liver (NAFL or steatosis) and cirrhosis [2]. NAFLD has
an estimated prevalence of 25% in the worldwide population, whereas NASH is estimated
to affect 3–12% of the global population [3]. The highest rates of NAFLD are reported in
South America and the Middle East, followed by Asia, USA and Europe, and they are
expected to increase within the next years due to current lifestyle and dietary habits [3,4].
Remarkably, the development of NAFLD/NASH has been widely characterized as a risk
factor for the development of hepatocellular carcinoma (HCC), contributing to 10–12% of
cases in Western populations, and 1–6% of cases in Asian populations [5,6]. HCC is the
second leading cause of cancer-related death and the fifth most common type of cancer
worldwide [7]. Furthermore, both NASH and NAFLD patients usually present an elevated
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risk not only of liver-related morbidity and mortality, but also other metabolic comorbidi-
ties, such as insulin resistance (IR) and type 2 diabetes mellitus (T2DM), hypertension and
cardiovascular diseases (CVD) or obesity [3].

The liver plays a key role in the metabolism of all biomolecules, but perturbations
in lipid balance lead to the development of steatosis. In NAFLD, the genetic background
or nutritional imbalances lead to a downregulation of the pathways involved in hepatic
lipid clearance: (i) very-low-density lipoprotein (VLDL) secretion and (ii) fatty acid ox-
idation (FAO) or an upregulation in those that promote hepatic lipid content as (iii) de
novo lipogenesis (DNL) and (iv) fatty acid (FA) uptake [8]. Although steatosis is usually
considered a “brand” condition, chronic abnormal lipid deposition together with other hep-
atic insults or even other events beyond the liver, that include, for example, gut dysbiosis
and adipose tissue inflammation, contribute to the development of NASH. In this context,
the most common lipid-derived complications comprise of the excessive development of
reactive oxygen species (ROS) and oxidative stress, the appearance of endoplasmic retic-
ulum stress (ERS), mitochondrial dysfunction with subsequent decreased FAO capacity,
and the production of lipotoxic species, which are of relevance [2,9]. These hits promote
the development of liver fibrosis, characterized by an excessive extracellular matrix (ECM)
deposition because of a chronic damage and a wound healing response [10]. In such an
environment, hepatocytes suffer from an inflammatory and apoptotic signaling that leads
to their death [11], activating Kupffer cells (KCs) to promote the release of inflammatory
cytokines [12] and hepatic stellate cells (HSCs) to secrete ECM components [13].

1.2. Nutritional Imbalances in Non-Alcoholic Steatohepatitis: A Potential Role of Magnesium

Unhealthy nutritional habits and dietary imbalances are beginning to be recognized as
the root cause of many diseases. Particularly, it was previously mentioned that NASH has
metabolic perturbations that are the most common cause of development [14]. High-fat and
high-sugar diets, such as the Western diet, lead to an increased fatty acid uptake by the liver
and adipose tissue while promoting hepatic DNL [15]. Although an excessive calorie intake
leads to the spread of overweight and obesity worldwide, currently affecting 38% of the
worldwide population and expected to increase in the coming years [16], unhealthy dietary
habits are also often accompanied by some imbalances in certain nutrients. In particular,
deficiencies in dietary micronutrients have been identified.

Magnesium, or Mg2+ in its free form, is a micronutrient widely distributed in the food
supply, both in plant and animal foods. Most green vegetables, legumes, peas, beans and
nuts are rich in magnesium, as are some shellfish and spices. The daily recommended intake
(DRI) for elemental magnesium is age-dependent, and lower for women (e.g., 19–30 years:
310 mg; 31 years and older: 320 mg) than men (e.g., 19–30 years: 400 mg; 31 years and
older: 420 mg). Magnesium DRI increases for pregnant women and lactation periods.
The cation is absorbed in the duodenum and ileum by both active and passive processes,
and this process is affected by different nutrients, such as fiber content [17]. Under healthy
conditions, the kidney plays a central role in magnesium homeostasis. In the last few
years, a growing concern has emerged about the defective magnesium consumption in
the general population, as, according to the National Health and Nutrition Examination
Survey (NHANES), 79% of US adults do not meet the DRI of the cation [18].

Mg2+ is the most predominant divalent cation in the cell, with concentrations ranging
from 5–20 mM, and extracellular Mg2+ accounts for only 1% of the total content in the
organism [19,20]. Magnesium plays a role as cofactor in more than 300 enzymatic reactions,
especially in those involving adenosine-triphosphate (ATP) or guanosine triphosphate
(GTP), where the cation forms ATP-Mg or GTP-Mg stable complexes required for many
biological processes such as glucose stabilization, lipogenesis, protein synthesis, nucleic
acids synthesis, coenzymes activity or methylation, among others [19]. The maintenance of
magnesium homeostasis is crucial for the correct development of the organism, whereas
perturbations have been related to the triggering of an inflammatory response, mitochon-
drial dysfunction and the decrease of the antioxidant capacity [21]. These alterations in
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such biological processes have been reported to occur in comorbidities associated with
NASH such as obesity, hypertension, CVD and/or the development of IR or T2DM. Indeed,
perturbations in Mg2+ homeostasis have been reported, not only in liver pathologies but
also in concomitant systemic complications [22–24].

In the present review we aim to highlight the relevance of Mg2+ homeostasis and the
development of systemic complications accompanying NASH.

2. Magnesium and Systemic Complications during Non-Alcoholic Steatohepatitis
2.1. Magnesium in Non-Alcoholic Fatty Liver Disease and Cancer

The spread of unhealthy lifestyle habits, together with inadequate nutritional behavior,
are making NAFLD and the pathologies comprised in its spectrum the leading cause of
chronic liver disease worldwide. Although, to date, the role of Mg2+ in the development of
NASH has not been explored in depth, a clinical study showed a protective effect of Mg2+

intake in patients with liver diseases. Remarkably, an increased intake of 100 mg (25–33%
increase of the daily recommended intake) showed a 49% reduction of liver-derived mor-
tality [25], suggesting a possible role of the cation depletion in the development of liver
diseases. Related to cirrhosis, the most severe stage of the pathologies that comprise the
spectrum of NAFLD, decreased hepatic magnesium levels have been reported to promote
collagen deposition in the liver, a hallmark of liver fibrosis [26,27]. The role of the cation is of
relevance in the mitochondria from hepatocytes, where low intramitochondrial magnesium
content has been described in cirrhosis with the subsequent decreased ATP production and
increased hepatocellular damage [28]. The role of protein kinase Cε (PKCε) and its relation-
ship with Mg2+ has also been characterized, as hypomagnesemia leads to a deficient PKCε
translocation and subsequent fibrinogen and collagen deposition [29]. There is an existing
link between low intrahepatic magnesium levels and an increased inflammatory response,
as under low hepatic Mg2+ content, an over-activation of leukocytes and macrophages
has been characterized, together with the recruitment of more inflammatory cells to the
liver [30]. Moreover, the supplementation of this cation has been proposed as anti-cirrhotic
therapy, because in vivo studies have demonstrated its protective effect [31].

As aforementioned, the development of NASH and other pathologies ranging in
NAFLD may increase the risk of developing HCC. Related to this, the biological functions
of the cation have been characterized, as Mg2+ plays a key role in DNA synthesis. Therefore,
hypomagnesemia leads to dysfunctions in DNA damage repair mechanisms, modulation
of cell cycle progression, cell proliferation and differentiation, and apoptosis with the
subsequent tumor growth promotion and metastasis of the tumor [32,33]. Although
molecular mechanisms that link hypomagnesemia and tumor development have not been
elucidated yet, an in vitro study suggests a possible relationship between magnesium
levels and a dysregulation of mitogen-activated protein kinase (MAPK)/extracellular
signal-related kinase (ERK) signaling [34].

Finally, a continuous magnesium loss has been related to alcohol consumption [35],
leading to the aggravation of alcoholic liver disease [26]. Related to this, Mg2+-deficient liv-
ers show an increased KC activation through the toll-like receptor type 4 (TLR4), promoting
ROS generation [36] and pro-inflammatory cytokine release [37]. Remarkably, Mg2+ supple-
mentation in patients with alcoholic steatohepatitis prevents the progression of the disease,
reducing the transaminases levels in serum and decreasing liver-related morbidity [38].

In summary, even though several studies suggest the relationship between hypomag-
nesemia and the development of liver diseases (Figure 1), to date there is no evidence that
characterizes the relationship between the cation and NASH, so it could be a research topic
of interest.
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Figure 1. Schematic representation of the contribution of decreased and increased magnesium levels
to the development of liver diseases. Abbreviations: PKCε: protein kinase Cε; MAPK: mitogen-
activated protein kinase; ERK: extracellular signal-related kinase; KC: Kupffer cell; ROS: reactive
oxygen species.

2.2. Magnesium in Overweight and Obesity

Overweight and obesity are complex and multifactorial diseases that affect over 1/3 of
the world population. Similar to the epidemiology of NASH and NAFLD, these conditions
are expected to even increase to a 38% prevalence of overweight and a 20% prevalence of
obesity by 2030 [39]. Obesity is defined by an excessive body weight, in consequence of an
excessive adiposity or body fatness. Healthy individuals show a body mass index (BMI)
comprised between 18.5 and 24.99, whereas the BMI of overweight patients is between 25
and 29.99. Regarding the obese population, they can be classified into three subgroups:
class I (BMI from 30 to 34.99), class II (BMI from 35 to 39.99) and class III (BMI higher than
40) [39]. Obesity greatly increases the risk of developing other chronic diseases such as
those mentioned in the present manuscript: liver diseases (NASH/NAFLD), IR, T2DM,
hypertension and CVD. Indeed, the development of NASH and overweight/obesity seem
to follow a parallel direction. The risk of developing metabolic-derived liver complications
has been reported to be two-fold higher in obese patients when compared with healthy
non-obese patients [40].

Related to the possible role that Mg2+ perturbations may have in the development
of alterations in obesity, hypomagnesemia has been identified in serum from obese pa-
tients [41]. Remarkably, a higher consumption of the cation is associated with a lower BMI,
waist circumference and serum glucose levels in patients [42]. Related to the effect of the
supplementation of the magnesium cation, it has been reported to improve the metabolic
profile of normal-weight metabolically obese individuals in several parameters such as
blood pressure (BP), fasting glucose and serum triglyceride levels [43]. Other studies have
associated low magnesium concentrations with chronic inflammatory stress related to obese
subjects, where hypomagnesemia enhances tumor necrosis factor (TNF) and interleukin-6
(IL-6) expression that might even contribute to the aggravation of other pathologies such
as hepatic ones [44]. Additionally, Mg2+ consumption prevents the induction of obesity
in in vivo models, suggesting a pivotal role of the cation in maintaining energy home-
ostasis [45]. However, other studies highlight the relevance of accompanying magnesium
supplementation with a protein-sparing modified low-calorie diet in order to avoid the
loss of the cation from the organism, as the supplementation alone cannot obtain this
goal [46]. Nevertheless, the supplementation of the cation has been deeply characterized to
improve the metabolic profile of obese individuals by decreasing the amount of low-density
lipoprotein (LDL) and increasing high-density lipoprotein (HDL) levels [47].

Finally, other studies have focused on the impact of magnesium modulation in the
adipocyte. It has been known for a long time that the adipocyte is not only a simple
storage depot for body energy, but in fact an endocrine organ playing a very relevant role
in obesity [48]. Interestingly, magnesium supplementation has been shown to result in
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a shift by increasing the frequency distribution of large adipocytes whereas magnesium
deficiency did not modify adipocyte size but increased their number in in vivo models of
obesity [49]. This is far more relevant considering that the age-related changes in adipose
tissue lipid storage may lead to the proliferation of adipocytes in order to sustain lipid
accumulation, making more difficult the loss of adipose tissue in elder patients [49]. In fact,
the adipose tissue expansion by adipocyte proliferation has been characterized to be feasible
for promoting obesity development [50] and magnesium levels appear to modulate this
adipocyte proliferation.

Overall, hypomagnesemia can contribute to the development of obesity, whereas
supplementation with the Mg2+ cation appears to prevent and reduce obesity prevalence
by targeting inflammation and adipocyte proliferation (Figure 2).

Figure 2. Schematic representation of the contribution of decreased and increased magnesium levels
to the development of overweight or obesity. Abbreviations: TNF: tumor necrosis factor; IL-6:
interleukin-6; LDL: low-density lipoprotein; HDL: high-density lipoprotein.

2.3. Magnesium in Insulin Resistance and Type 2 Diabetes Mellitus

Insulin Resistance (IR) and type 2 Diabetes mellitus (T2DM) constitute together with
obesity the main worldwide global epidemics, termed “diabesity”. Whereas the preva-
lence rates of IR syndrome have been reported to be 3–16%, with a higher incidence in
white populations, the global prevalence of T2DM has been estimated to be 6.3% of the
world’s population, being higher in elder patients [51]. IR is primarily an acquired con-
dition related to an excessive body fat, being characterized by a deficient response to
insulin leading to the reduction of glucose incorporation in the liver, adipose tissue and
muscle. Therefore, glucose levels in serum increase and the pancreas synthesizes more
insulin in order to overcome this perturbation. IR precedes the development of T2DM
by 10–15 years of chronicity, in the case of a persistent hyperglycemia and an impaired
insulin secretion [52]. The elevated levels of endogenous insulin are associated with IR and
results in weight gain, which exacerbates IR in turn, fueling a vicious cycle that persists,
with pancreatic β-cells that cannot meet the insulin demand. Furthermore, the deficient
glucose incorporation by the three aforementioned tissues (adipose tissue, liver and mus-
cle) has an impact in promoting hepatic gluconeogenesis through the impaired insulin
secretion [52]. Likewise, this promotes DNL, contributing to steatosis development and
blunting hepatic homeostasis.

Hypomagnesemia in both IR and T2DM patients has been described, as they often
show not only a reduced intake of the cation but they also present an augmented urinary
loss [22,53]. As mentioned earlier, urinary excretion of magnesium by the kidneys is
very pertinent, and both hyperglycemia and hyperinsulinemia in T2DM increase urinary
excretion and decrease tubular Mg2+ reabsorption [54]. T2DM patients in particular have
also been characterized to present alterations in the status of the cation, especially in
poorly controlled glycemic patients [55]. For instance, it has been estimated that around
50% of T2DM patients suffer from hypomagnesemia [56]. Related to this, more elevated
glycated hemoglobin levels, as a marker of chronic T2DM development, are frequently
observed in those elder patients that are more prone to suffer from hypomagnesemia [23].
The development of hepatic nephropathy as a T2DM-derived complication is also promoted
under hypomagnesemia conditions [57]. Related to the molecular mechanisms that connect
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magnesium and the development of IR/T2DM, the cation plays a role as a co-factor
in the phosphatidylinositol-3-kinase/protein kinase B (PI3K/AKT) pathway by which
insulin exerts its role in peripheral tissues [58]. The transition from a transient IR stage
to T2DM development might imply hypomagnesemia as a potential mediator, as Mg2+

deficiencies have been reported to alter the pancreatic insulin recreation by disrupting the
normal activity of β-cells [59]. In β-cells, the insulin secretion is mainly controlled by the
GLUT2/glucokinase (GK) tandem that acts as a glucose sensor and Mg2+ directly affects the
GK activity [56]. Thus, hypomagnesemia impacts the ATP-sensitive K+ (KATP) channels
that depolarize the β-cell membrane for the insulin release, leading to an uncontrolled
insulin secretion [59]. Furthermore, hypomagnesemia may also reduce insulin sensitivity
by promoting oxidative stress and/or inflammation as free radicals are often increased
in T2DM [60] and pro-inflammatory cytokines such as IL-6 decrease the expression of
GLUT4 and the activity of the PI3K pathway responsible in insulin-mediated signaling [61].
Remarkably, the effect of Mg2+ perturbations over insulin resistance development has been
reported to be reversible, so that the recovery of normal levels of the cation could solve the
pathology [62]. In this context, Mg2+ supplementation shows a significant improvement in
plasma glucose, lipoprotein and triglycerides profile and BP in diabetic patients [63].

Therefore, as summarized in Figure 3, a depletion of magnesium, favored by the
reduced intake as well as its continuous excretion by the urinary system together with a
decreased reabsorption, may contribute to IR and T2DM development. On the contrary,
the supplementation of the cation has been shown to exert a protective effect both on IR
and T2DM.

Figure 3. Schematic representation of the contribution of decreased and increased magnesium
levels to the development of insulin resistance and type 2 diabetes mellitus. Abbreviations: PI3K:
phosphatidylinositol-3-kinase; AKT: protein kinase B.

2.4. Magnesium in Hypertension and Cardiovascular Diseases (CVD)

Hypertension is a growing health concern that over a decade ago was already esti-
mated to affect around 31.1% of the global population (1.39 billion patients) [64]. This condi-
tion is characterized by an elevated BP and can be caused by many risk factors, such as high
sodium intake, low potassium intake, obesity, alcoholic consumption, physical inactivity
and an unhealthy diet [64]. Hypertension can be classified into stage 1 and stage 2 hyperten-
sion if systolic pressure is between 130–140, or higher than 140, respectively. Interestingly,
elevated glucose levels caused either by IR or T2DM are also a risk factor of developing this
condition [65]. Apart from being a major public health problem, hypertension is a major
risk factor for the development of CVDs as it promotes left ventricular hypertrophy [66].
CVDs are by far the leading cause of death in the world, with 17.9 million deaths in 2015,
which is expected to be at 22.2 million deaths by 2030 [67]. Concerning the different alter-
ations that comprise the spectrum of CVDs, the most relevant are coronary artery disease,
cerebrovascular disease, peripheral artery disease and aortic atherosclerosis [68]. Similar to
hypertension, unhealthy lifestyle habits such as smoking, alcohol consumption and dietary
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imbalances highly increase the risk of developing CVDs [69]. Moreover, cardiovascular
mortality is the most important cause of metabolic syndrome-related deaths.

Regarding the involvement of magnesium perturbations in the development of hyper-
tension and cardiovascular diseases, there are several works than point out a relationship
between the two conditions. Similar to the other conditions previously mentioned, the sup-
plementation of the cation reduces BP in case of IR, pre-T2DM and other non-communicable
chronic diseases [70]. Remarkably, a higher effect is observed in those patients with the
most elevated BP [71]. Additionally, Mg2+ deficiencies are related to a reduction in en-
dothelial functionality, a risk factor for atherosclerosis [24,72], while the supplementation
regulates vascular tone and calcification, preventing atherogenesis and thrombosis develop-
ment [73]. The cation is essential for many physiological, biochemical and cellular processes
that regulate cardiovascular function, modulating vascular smooth muscle tone and the
endothelial function [24]. Investigators also have characterized that Mg2+ plays a role in
the proliferation and migration of endothelial and vascular muscle cells, the modulation of
neuronal excitation and intracardiac conduction, as well as the myocardial contraction [73].
During cardiac potential, Mg2+ plays a role in the depolarization–repolarization processes,
in that Mg2+ depletion alters electrocardiogram activity [74]. Low serum levels of the cation
are related to increased atherosclerosis, coronary artery disease, arrhythmias and heart
failure [73]. Correlated to this, lower intracellular levels of Mg2+ in skeletal muscle are
related to aortic distensibility [75] and the appearance of arrhythmias [76]. The cation has
been also reported to be essential for maintaining cell membrane potential, mitochondrial
integrity from cardiomyocytes and to play a role in anti-oxidative pathways. [77]. Patients
with T2DM that show perturbations in Mg2+ levels show alterations in echocardiographic
indices and increased heart volume [78]. Similar to other studies in obese, IR or T2DM
patients, the supplementation of Mg2+ in patients with CVD has also been reported to exert
a protective role [77]. Houston and colleagues characterized that Mg2+ acts as a calcium
channel blocker, increasing the production of nitric oxide (NO), improving endothelial
dysfunction and inducing vasodilatation [79]. Additionally, scientific evidence highlights
the relationship between Mg2+ deficiencies and an elevated risk of stroke [24]. Regarding
the mechanisms that contribute to the aforementioned processes related to hypomagne-
semia, the development of oxidative and inflammatory stress is of relevance [22], together
with the contribution of the lipid profile and the increased susceptibility of lipoproteins
to peroxidation [80]

Overall, magnesium appears to play a role in the development of CVDs as deficiencies
in the cation are related to atherogenesis and perturbations in skeletal muscle functionality
(Figure 4).

Figure 4. Schematic representation of the contribution of decreased and increased magnesium levels
to the development of hypertension and cardiovascular diseases.

3. Discussion

Between the systemic complications that normally accompany NASH development,
obesity, IR and TD2M, hypertension and CVDs are the most common and relevant [3].
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Indeed, it is evident that a relationship exists among all of them, as the development of
one pathology is often accompanied by another. The development of NASH is frequently
the consequence of a chronic overweight or obese state, whereas the metabolic disorders’
consequence of obesity lead to dysregulations that disturb glucose homeostasis, leading
to IR or T2DM. In the meantime, elevated glucose levels in serum are also another cause
of hypertension, where dysregulations in lipid metabolism lead to atherogenesis and
promote the development of CVDs. In such an environment, the existence of an oxida-
tive and inflammatory stress condition contributes to the development or aggravation of
all aforementioned pathologies. Related to this, the role of Mg2+ deficiencies has been
widely characterized.

Although NASH and related pathologies have their own specific complications,
studies about the role of magnesium point in the same direction. Low magnesium concen-
trations have been related to many liver pathologies as cirrhosis, liver cancer or alcoholic
liver disease. Moreover, hypomagnesemia is related to the development of a higher
BMI—characteristic of obesity development—a higher risk of developing T2DM, and the
development of atherogenesis and alterations in the cardiac muscle that lead to CVDs.
Indeed, in the case of the pancreas, the cation has been characterized to play a role in
insulin secretion by β-cells so that the loss of Mg2+ could contribute to the transition from
IR to T2DM [59] and, in the meantime, decrease the insulin response from peripheral
tissues [61]. Cardiomyocytes and endothelial cells in the cardiovascular system also require
the cation for their correct functioning [77,79]. Another common feature of the cation in
all of the conditions is the fact that the supplementation of the subjects, either in vivo or
in clinical samples, prevents the development of such conditions. It must be mentioned
that the role of the cation in NASH development has not been totally elucidated to date.
However, the supplementation of the cation reduces the risk of liver-related death [25]
so a positive effect is expected. Similarly, such supplementation also exerts a protective
role over obesity, IR or T2DM and CVD development. Herein, the aforementioned role of
Mg2+ in the prevention of oxidative and inflammatory stress could be a common mecha-
nism. Moreover, considering the impact of mitochondrial dysfunction in the NASH-related
comorbidities, other potential underlying mechanisms include the role of magnesium in
the regulation of mitochondrial function. Finally, as the Mg2+ content can influence Ca2+

levels, and, for example, it has been shown that T2DM may cause endothelial dysfunction
by remodeling the intracellular Ca2+ toolkit [81], this mechanism should be taken into
account when investigating the protective roles of Mg2+ in IR, T2DM, CVD, and other
NASH-related comorbidities.

On the one hand, considering the preventive role of the supplementation of Mg2+,
the encouragement of the global population by health authorities to increase their nu-
tritional intake of Mg2+ may reduce the prevalence of the pathologies mentioned in the
present work. This can be achieved either by supplementation or by promoting the con-
sumption of magnesium-rich food, such as green vegetables, nuts, seeds and unprocessed
cereals [82]. Considering the information from NHANES that reveals that 79% of the adult
population does not fulfill the DRI of 300–400 mg/day, this is a key point that preventive
actions should focus on [18]. The potential effectivity of magnesium supplementation may
be a research topic of interest towards the development of therapies. Thus, it would be
interesting to evaluate its properties in either preclinical or clinical studies.

On the other hand, the physicochemical properties of the cation make essential the
activity of Mg2+ transporters that allow its flux across cell membranes participating in
the processes of intake, excretion and reabsorption [83]. In this aspect, although several
transporters such as the cyclin M family (CNNM), magnesium transporter 1 (MagT1),
MRS2 or the solute carrier family 41 (SLC41) have been characterized [84–86], their poten-
tial role in the development of NASH and related comorbidities remains largely unknown.
CNNMs have been associated with a number of genetic diseases affecting ion flux and
cancer development via their association with phosphatases of regenerating liver (PRL) [87],
whereas deficiencies in MagT1 have been linked to immunodeficiencies [88]. Otherwise,
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mutations in MRS2 have been linked to demyelination [89] and SLC41 are related to abnor-
mal locomotor functioning [90]. Related to the role of perturbations of Mg2+ homeostasis
in the development of several diseases in which immune responses or essential biological
processes are altered, the role of these proteins might be a research topic of interest for
therapy development against NASH or related morbidities.
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