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Abstract:

Magnesium is an essential mineral that plays a pivotal role in enzymatic reactions,
neuromuscular function, cardiovascular stability, and bone metabolism. In patients with
chronic kidney disease (CKD), impaired renal excretion alters magnesium homeostasis,
predisposing individuals to either hypomagnesemia or hypermagnesemia depending on
the disease stage, comorbidities, and dialysis status.
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Introduction:

Magnesium is the fourth most abundant cation in the human body, serving as a cofactor in more than 300
enzymatic reactions that regulate energy metabolism, protein synthesis, and neuromuscular stability (1).

In the kidney, approximately 70% of filtered magnesium is reabsorbed in the loop of Henle, with further fine-
tuning in the distal tubules, reflecting a tightly regulated process that maintains serum concentrations within a
narrow physiological range (2).

Chronic kidney disease (CKD) disrupts this balance due to progressive nephron loss, altered tubular handling, and

frequent use of medications that interfere with magnesium absorption or excretion (3).

Hypomagnesemia in CKD has been linked to higher cardiovascular risk, increased insulin resistance, and all-
cause mortality, highlighting its importance as a prognostic marker (4).

Conversely, hypermagnesemia is common in advanced CKD and dialysis patients, often resulting from impaired
renal clearance or magnesium-based therapies, and may cause neuromuscular dysfunction and arrhythmias (5).

Emerging evidence suggests that maintaining magnesium homeostasis may help mitigate vascular calcification,
mineral bone disorder, and inflammation, thus potentially improving long-term outcomes in CKD populations (6).

Magnesium Biological Role

Magnesium is the second most abundant intracellular cation and the fourth most abundant cation in the
body. About 99% of total magnesium is located in bone, muscles and non-muscular soft tissue. Extracellular
magnesium accounts for about 1% and is primarily found in serum and red blood cells. Humans have to consume
magnesium regularly to prevent a deficiency. The Institute of Medicine recommends 310-360 mg and 400—420mg
for adult women and men, respectively (7).

Magnesium plays an essential physiological role in many intracellular functions of the body. This role is
achieved through two important properties of magnesium; the ability to form chelates with important intracellular
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anionic-ligands, especially ATP, its ability to compete with calcium for binding sites on proteins and membranes,
modulates insulin signal transduction and cell proliferation, and is important for cell adhesion and membrane
transport (8). Magnesium is essential for the synthesis of nucleic acids and proteins, for intermediary metabolism
and for specific actions in different organs such as the neuromuscular and cardiovascular systems (9).

Magnesium plays an important role in numerous enzymatic reactions, transport processes and synthesis of
proteins, DNA and RNA. Over 300 enzymes are dependent on magnesium. Magnesium containing compounds
present promising oral phosphate binders for the treatment of hyperphosphataemia in patients with chronic kidney
disease (CKD) (1).

Prevalence of hypomagnesaemia is high in the general population and especially in intensive care unit
patients, but often not being detected. Magnesium deficiency increases the risk for several diseases, like diabetes
mellitus type 2, hypertension and atherosclerosis. Moderate hypermagnesaemia, however, seems to have
beneficial effects on vascular calcification and mortality rates in CKD patients (10).

On the other hand, higher serum magnesium levels are reported to be linked to lower PTH levels and results
on the effects on bone are controversial. In addition, low magnesium levels are associated with low bone mass,
osteoporosis and vascular calcification. In dialysis patients serum magnesium levels are dependent mainly on the
dialysate magnesium concentration (11).

Magnesium Metabolism and Physiology

Intestine, bone and kidneys maintain magnesium homeostasis (Figure 1): Magnesium is absorbed in the
gut, stored in bone and muscles and excreted by the kidneys. The majority of magnesium is absorbed by a passive
paracellular mechanism in the ileum and distal parts of the jejunum, while a smaller amount is actively transported
in the large intestine (12) .

Around 24-76% of ingested magnesium is absorbed in the gut and the remaining is eliminated in the feces.
The proportion of absorbed magnesium from the gut depends on the amount of ingested magnesium and the status
of magnesium in the body. The lower the magnesium level, the more is absorbed (1).

Besides intestinal uptake renal excretion is crucial in maintaining magnesium balance. In kidneys a
mechanism comparable to the intestinal uptake regulates magnesium reabsorption. The glomeruli filter around
2400 mg of magnesium per day. About 95% of excreted magnesium is reabsorbed, mainly by the thick ascending
limb of the loop of Henle (65%) and to a lesser extent in the distal tubules (30%). the filtered magnesium is
reabsorbed in a passive paracellular fashion. Only around 100 mg of magnesium is excreted in the urine each day,
and the kidneys can regulate the amount excreted, depending on the serum level of magnesium (13).

In moderate CKD (stage 1-3) loss of renal function is compensated by an increased fractional excretion of
magnesium, while this mechanism fails in advanced CKD resulting in hypermagnesaemia. In dialysis patients,
serum magnesium levels mainly depend on dialysate magnesium and dietary intake. The most common test for
the assessment of the magnesium status is the measurement of serum magnesium levels — a practicable and
inexpensive test (14).

However, it should always be kept in mind that serum magnesium levels do not reflect the total body
magnesium status. Reference ranges for serum magnesium levels are 0.65—1.05mmol/L for total magnesium and
0.55-0.75mmol/L for ionized magnesium in adult blood serum. The prevalence of hypomagnesaemia in
hospitalized patients is high especially in patients on postoperative intensive care units (15).

In the general population, hypomagnesaemia frequently occurs in patients with diabetes, chronic
gastrointestinal diseases, alcoholism and after the use of certain types of drugs. A small but interesting group of
patients have a hypomagnesaemia that is the result of genetic mutations. Specifically, mutations in genes that
encode ion transporters in the distal convoluted tubule can explain many familial forms of hypomagnesaemia (16)

In particular mutations in the TRPM6 magnesium channel have been shown to account for the largest part
of the genetic forms of hypomagnesaemia. (17) .
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Clinical signs of both hypo- & hypermagnesemia are non-specific, can be similar or even absent. Signs
include loss of appetite, fatigue and weakness, later on, as magnesium deficiency worsens, numbness, cramps,
seizures, personality changes, arrhythmias and coronary spasms. Severe hypermagnesaemia might lead to CNS
depression or loss of deep tendon reflexes, hypotension, gut paralysis and ECG-changes. At very high and very
low serum magnesium levels severe neuromuscular dysfunction, hypotonia and even pseudoparalysis, respiratory
depression, areflexia and coma may develop (18).

Daily dietary intake Daily net uptake
360mg 100mg
Blood
compartment
/ ’ < Other tissues
~4,900mg
@ { Bone
~12,900mg
Intestine Kidney Muscle
Absorption: 120 mg Filtration: 2,400mg ~6,600mg
Secretion: 20 mg Reabsorption: 2,300mg
Daily faecal output Daily urinary output
260mg 100mg

Figure 1: Regulation of magnesium homeostasis (13).
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