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Abstract

Major minerals are important for various biochemical functions in the body
beyond maintaining fluid and acid-base balance. Urinary excretion of these
critical minerals is generally an index of their intake. While it is normal
to see urinary losses of minerals in healthy free-living individuals, the
levels could indicate metabolic disturbances. Therefore, due to mineral’s
involvement in several biological processes, their urinary levels could be
exploited as indicators of well-being, and overall health status.

Keywords: Urinary; Trace elements; Major minerals; Normal urinary values; Mineral metabolism; Mineral excretion.

1. Introduction

Minerals are micronutrients essential for optimal metabolic function and body
homeostasis by their involvement in a variety of biochemical reactions crucial for cellular
functioning [1,2]. Disruption in any of these pathways can dramatically affect the metabolism
and processing of the nutrients resulting in many metabolic imbalances which may lead to a
variety of health conditions [3]. Minerals are classified as either major minerals or trace elements
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based on their utilization [3]. Required in more than 100mg/day, major minerals are sodium,
potassium, calcium, magnesium, phosphorus, sulfur, and chloride whereas trace elements are
iron, zinc, 1odine, selenium, copper, cobalt, chromium, manganese and molybdenum which
are required less than 100 mg/day [2,4]. Minerals travel through the body in different ways
owing to their inorganic structure. Some are excreted by kidneys in urine, some in bile but
almost all are excreted via urine, if present in excess [5]. These urinary inorganic salts levels
may serve as indicators of aberrations in the metabolic pathways where minerals are crucial
or the processes related to mineral utilization themselves, and hence serve as an indicator of
human disease state [6]. The major minerals which are used and stored in large quantities in
the body, their diet sources, recommended daily intakes, handling and use as health status
indicator are discussed below.

2. Major Minerals and their Metabolites

2.1. Sodium

Sodium is an electrolyte and major determinant of extracellular fluid volume (ECFV)
deemed essential for nerve impulse transmission and muscle contraction [4]. Sodium is easily
absorbed by the intestinal tract and travels freely through the blood stream regulating the
volume and pH of bodily fluids until it reaches the kidneys, where excess is filtered out of the
blood and excreted via urine [7].

2.1.1. Recommended daily intake

Recommended dietary allowances of sodium are 110mg/d for newborns up to 6 months
and 370mg/d for infants 7-12 months of age [8].

Children are recommended 800mg/d of sodium from 1-3 years of age, 1000mg/d of
sodium from 4 to 8 years of age, 1200mg/d from 9 to 13 years of age and 1,500 mg/d from 14
years [8].

2.1.2. Sodium handling and human health

Sodium modulation in the body is regulated by the renin-angiotensin-aldosterone system
(RAAS) [9]. In healthy individuals, this system releases a series of hormonal stimuli which
can promote either sodium excretion or reabsorption based on intratubular sodium levels [9].
A chronic activation of this system has been related to pathologies ranging from hypertension
and chronic kidney failure to mental disturbances and inflammatory damage [10].

Normal urinary levels of sodium free cation range around 12477(1863.49-37249.07)
umol/mmol creatinine [11]. These levels can vary rapidly based on the amount of salt and
fluids ingested from food sources including table salt, processed food, meats, eggs, milk and
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vegetables [4,12]. Sodium restricted diets have shown to lower sodium levels in the urine
to 10mEq/L within 3-5 day [13]. Lower levels of sodium in urine relates to decreased blood
volume as it promotes sodium reabsorption by the release of aldosterone [14]. Inversely, high
blood pressure caused by the expansion of extracellular fluids increases sodium excretion
due to elevated renal perfusion press ion [14]. Sodium excretion is also enhanced in response
to hypertension and hypervolemia due to the release of atrial natriuretic peptide from atrial
myocytes which acts against sodium-conserving pathway [14]. In short, alterations in sodium
control mechanisms, may contribute to pathologies that are attributed to the ingestion of this
mineral [ 14]. Abnormally high urinary levels of sodium are seen in conditions such as Addison’s
disease, Hypopituitarism, and Hypothyroidism due to increased anti-diuretic hormone secretion
(ADH), which promotes water reabsorption by the kidneys [14-17]. Cirrhosis, Nephrotic
Syndrome, and Diabetes Insipidus are conditions associated with low urinary levels of sodium
caused by the inappropriate activation of the RAAS system which favors sodium conserving
pathways and can be a risk factor for hypertension [14,18,19].

The underlying causes of hyponatremia, blood sodium levels less than 130mmol/L,
can be determined by assessing a patient’s hydration status through the measurement of urine
osmolality [20]. A test of urine sodium is recommended in the cases of euvolemia where
hypotonic hyponatremia is confirmed with urine osmolality greater than 100 msOsm/kg. The
urine Na greater than 20 mmol/L then indicates the presence of syndrome of inappropriate
antidiuretic hormone secretion (SIAD) in which case, First equation ratio ascertains the degree
of fluid restriction needed to correct the hyponatraemia [20]. On the other hand, urine Na lower
than 20mmol/L indicates the possibility of hypo/hypervolemia. Low urine sodium levels in the
case of hypervolemia are often secondary to an underlying condition such as cardiac failure,
renal failure, and liver cirrhosis.20 Urinary sodium is hence a reflection of renal integrity and
its measurement if combined with fractional excretion of sodium can potentially distinguish
acute azotemia from acute tubular necrosis (ATN) [21].

2.2. Potassium

Potassium is the major intracellular cation and aids in maintenance of normal cellular
fluid levels [22]. Sodium-potassium pumps regulate homeostasis and potassium is crucial for
nerve transmission, muscle contraction, cell integrity, and blood pH balance [4,22]. It enters
the body through food ingestion and excess is filtered out of the blood and excreted via urine
by the kidneys [22]. Fruits and vegetables are the main dietary sources of potassium [4].

2.2.1. Daily recommended intake

Recommended dietary allowances of potassium differ for different age groups.
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The requirement is 400mg/d for infants up to 6 months after birth and 860mg/d from
7-12 months [8]. Children are recommended 2,000mg/d of potassium from 1 to 3 years of age
and 2,300mg/day from 4 to 8 years of age [8].

From 9 years and above, the recommendations vary based on gender.

Men require 2,500mg/d from 9-13 of age, 3,000mg/d for 14-18 years, and 3,400 mg/d
for 19 years and above.8 Women are recommended 2,300mg/d of potassium from 9-18 years
of age and 2,600mg/d for 19 years and above [8].

Lactation and pregnancy condition affect potassium RDAs.

For the ages 14-18 and 19-50, pregnant women require 2,600mg/d and 2,900mg/d of
potassium respectively and lactating women require 2,500mg/d and 2,800mg/d [8].

2.2.2. Potassium handling and human health

Potassium handling by the kidneys happens mainly in the glomerulus where free
potassium ions are filtered and can either be excreted through urine or reabsorbed by the
proximal tubule and loop of Henle, and a small portion by the distal nephron [22]. Reabsorption
mainly happens via passive transport, and it is proportional to sodium and water [22]. The
glomerular potassium filtration, reabsorption and excretion in the nephron dictates the daily
levels of urinary excretion of potassium, with normal levels noted to be 3593.14 (553.33-
8078.58) umol/mmol creatinine [11]. Glucose ingestion and insulin release temporarily force
potassium to move from the extracellular fluid (ETF) into the intracellular fluid (ITF) [23].
The kidneys then excrete ingested or excess potassium, increasing K+ ions in the urine in the
following hours after a meal. Adrenaline release and metabolic alkalosis cause the movement
of potassium ions from the ETF to the ITF, leading to a lower excretion of potassium ions
by the kidneys [23]. Metabolic acidosis, noradrenaline and aldosterone release, dehydration,
trauma, burns, rhabdomyolysis, a sodium rich diet, and bleeding in the upper GI tract from
ulcers or esophageal varices, have the opposite effect and cause potassium to move to the
extracellular fluid, increasing the amount of potassium filtered out of the blood [23]. Test for
urine potassium concentration can help determine if the dyskalemia is kidney related [21].
Urine potassium levels of 5-15 mEg/L indicate non kidney originated dyskalemia, while
values higher than 40 mEq/L indicate that the disorder is kidney responsible [21]. The values
of urine potassium lower than 2.5 mEq K+/mmol creatinine can either indicate cell shift due
to hypokalemic periodic paralysis, insulin administration, beta 2-adrenergic stimulation, or
gastrointestinal loss due to diarrhea [21]. Urine potassium greater than 2.5 mEq K+/mmol
creatinine, requires blood pressure and arterial blood volume assessment in order to make a
diagnosis [21]. Urinary potassium measure reflects fluid and electrolyte imbalances and renal
integrity. The levels help establish the pathophysiologic mechanism behind conditions like
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hypokalemia and aids in formulating differential diagnosis (whether its kidney related or not)
[24].

2.3. Calcium

Calcium is the most abundant mineral in the body. It is the structural and storage
component of bones and teeth [22]. Calcium also acts as a protein activator, crucial for
processes such as muscle contraction, neurological signaling, hormonal secretion, and blood
clotting [22]. Calcium can be obtained through the ingestion of calcium-rich foods such as
dairy, cereals, legumes, and vegetables [4]. Calcium absorption by the organism is based on
need, excess of which is filtered out of the blood and excreted by the kidneys [25].

2.3.1. Dietary recommended intake

Recommended dietary allowances of calcium for infants up to 6 months after birth are
200 mg/d and 260mg/d for infants 7-12 months after birth [8].

Children from 1 to 3 years of age are recommended 700mg/d of calcium, while children
from 4 to 8 years of age are recommended 1,000mg/d of potassium [8].

For ages 9-18, the requirement is 1300 mg/day for both males and females. For male
adults aged 19-70, the recommendation is 1,000 mg/d and 1,200mg/d after 71 years of age. For
adult females aged 19-51, calcium RDA is 1,000 mg/d and 1,200mg/d after 51 years of age [8].

2.3.2. Calcium handling and human health

A good half of the calcium present in the plasma is freely filtered in the kidneys and
most of it is reabsorbed by passive transport in the renal tubules [26], with normal urinary
levels of calcium average at 200.0 (16.9-520.0) umol/mmol creatinine in healthy individuals
[11]. Absorbed calcium equals excreted urinary calcium, however, this can vary based on age
and sex [27]. Urinary calcium levels balance is regulated by parathyroid hormone (PTH),
which when released in excess such as in primary hyperthyroidism (pHPT) causes the calcium
release from the calcium stores in the bones to the extracellular fluid, increasing urinary
calcium [25]. Urinary calcium excretion is also increased by anti-diuretic hormone (ADH)
and could be an indicator of kidney stones, renal insufficiency, and nephrocalcinosis [25].
Patients with familial hypocalciuric hypercalcemia (FHH), a rare genetic mutation, present
low levels of urinary calcium [28]. A 24-hour urine calcium test is used to distinguish pHPT
from FHH [25]. Urinary calcium is usually moderate/high in patients with pHTP with levels
greater than 400 mg calcium/24 hours while in patients with FHH urine calcium levels are low,
usually less than 100 mg calcium /24 hours [25,28]. Apart from the above-mentioned states,
hypercalciuria can be seen in hyperparathyroidism, multiple myeloma and other osteolytic

neoplasm disorders, osteoporosis, vitamin D overdose, renal tubular acidosis, hyperthyroidism,
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Paget’s disease, and sarcoidosis [27,29]. Drugs such as some antiacids which contain calcium
and calcium supplements can also lead to direct increase of calcium in urine [29]. On the
contrary, decreased urine calcium ions are seen in conditions such as hypoparathyroidism,
pseudo hypoparathyroidism, rickets, hypothyroidism, steatorrhea, and nephritis [29].
Hypocalcaemia can also be caused by drugs such as thiazide and benzothiadiazide diuretics,
as well as estrogen.29 Diet, especially minerals, and vitamins can influence the excreted
amount of calcium by the body [27]. For example, vitamin D availability has been found to
be intrinsically related to regulation of calcium absorption by the large intestine and renal
calcium excretion with vitamin D mediated calcium reabsorption accounting for up to 8%
of all the calcium reabsorbed by the kidneys [27]. Additionally, sulfate has shown to be a
competitive inhibitor of the reabsorption of calcium in both the proximal and distal tubules
of the kidneys, promoting calciuria [30]. A high intake of other dietary components such as
sodium and caffeine has been noted to induce calciuria, however, potassium ingestion induces
an opposite effect [31-33]. The calcium urinary excretion serves as an indicator of renal health,
as a 24-hour calcium urine test is frequently used in the evaluation of kidney stones due to
the high incidence of hypercalciuria in patients with calcium oxalate stone formation [34].
Alterations in calcium excretion also serve as a diagnostic test for hyperparathyroidism where
a calcium load test (CLT) is conducted [35]. Urinary calcium may hence be used to monitor
kidney function in addition to serving as a diagnostic test of disorders of parathyroid, the gland
near the thyroid associated with a variety of physiological functions in the body including
cognitive function [36].

2.4. Magnesium

Magnesium is a mineral essential for glucose and lipid metabolism, signaling pathways,
neurotransmitter release, neuromuscular function, bone development, and energy storage [4].
It can be obtained through the diet from foods such as fruits, vegetables, nuts, dairy, meats, and
fortified cereals [4].

2.4.1. Dietary recommended intake

Recommended dietary allowances of magnesium are 30 mg/d for infants up to 6 months
and 75mg/d for infants 7-12 months of age [8].

Children from 1 to 3 years of age are recommended 80mg/d of magnesium, children
from 4 to 8 years of age are recommended 130mg/d and children from 9 to 13 years of age 240
mg/d [8].

Recommended dietary allowances of magnesium for males aged 14-18 are 410 mg/d,
from the age 19-30 this value goes down to 400mg/d, increasing again after the age of 31 to
420mg/d [8]. For females these values are 360mg/d for the ages 14-18, 310mg/d for the ages

6



Nutritional Deficiency & Impact on Health

18-30, and 320 mg/d for 31 and older [8].

Pregnancy requires a higher magnesium intake in females. Therefore, the RDAs are
400mg/d for the ages 14-18, 350mg/d for the ages 19-30, and 360mg/d for the ages 31-50.
Lactation however does not interfere with the general recommended dietary allowances for
women [8].

2.4.2. Magnesium handling and human health

Magnesium homeostasis is regulated by the kidneys which either reabsorb or excrete
magnesium filtered from the bloodstream [37]. A little over 70% of serum magnesium undergoes
glomerular filtration in the kidneys, with only 4% of filtered magnesium being excreted in the
urine [38]. Magnesium reabsorption in the proximal tubule happens through the Para cellular
shunt pathway, which is dependent on the active reabsorption of sodium, while distal tubule
magnesium follows a transcellular pathway [39]. Normal concentrations of magnesium ions
in the urine range between 262 (42-1189) umol/mmol creatinine [11]. Urinary magnesium
does not correlate with serum levels nor ingested magnesium levels [37]. However, urinary
metabolites of magnesium are influenced directly by its dietary intake [37]. There are several
factors that can increase or decrease urine magnesium levels. Caffeine for example, has shown
to decrease renal capability of magnesium reabsorption, increasing the urinary magnesium loss
during post-caffeine period [40]. Calcium oxalate, a by-product of digestion and an indicator
of gut dysbiosis or a diet high in salt, protein, and/or oxalate, can also directly lead to decreased
urinary levels of magnesium and thus kidney stone formation [41,42]. On the contrary,
the chemotherapy agents (cisplatin) and immunosuppressant’s (tacrolimus, cyclosporine,
rapamycin) can cause abnormally high magnesium excretion with urine magnesium excretion
averaging more than 1 mmol/day [38,43]. Diuretics such as loop and thiazide also causes
increases in magnesium excretion [38]. The urinary excretion of magnesium is also seen to be
altered in some health states. A comparative study with type 2 diabetic patients (38-78 mg/L
approximately) has reported a substantial increase in urinary magnesium compared to healthy
individuals (approximately 28-47 mg/L) [44]. In general, higher urinary magnesium levels
are indicative of renal magnesium wasting that usually accompanies diuretic use or familial
magnesium wasting disorders [45]. Other than disease states, some medications such as the
antiviral foscarnet, the antifungal amphotericin B, and antibiotic aminoglycosides, increase
excretion of magnesium via urine [38]. Whereas the hormones such as PTH, glucagon,
calcitonin, vasopressin, aldosterone, and insulin promote magnesium absorption, lowering
urine magnesium levels [38]. Urinary magnesium is also generally reduced in case of extra-
renal magnesium loss (generally due to malabsorption or laxative use) [38]. Mutations in
the CLDN16 and CLDN19 genes, cause familial hypomagnesemia with hypercalciuria and
nephrocalcinosis due to faulty encoded proteins in the tight junctions of Henle’s loop responsible

for Para cellular reabsorption of calcium and magnesium [38]. On the other hand, mutations
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in gene encoding claudin-10 protein, enhances the permeability of calcium and magnesium,
leading to a higher reabsorption of these two minerals resulting in hypermagnesemia and
nephrocalcinosis [38]. The urinary magnesium assessment 1s generally recommended post
detection of serum magnesium, calcium and/or potassium levels alterations, as the excretion
and absorption of magnesium is tightly linked to the handling of calcium and potassium by
the body [38]. Urinary magnesium is thus an earlier and more reliable indicator of an evolving
magnesium deficiency, providing an objective estimate of the amount of magnesium that is
systematically absorbed [46].

2.5. Phosphorus

The second most abundant mineral in the body, phosphorus is a major part of the body’s
buffer system, essential to ATP production and constitutes as an important structural component
[22]. Phosphorus is ubiquitous in diet as a component of cell walls and membranes or is used

as a preservative in processed foods [4].
2.5.1. Dietary recommended intake

Recommended dietary allowances of phosphorus for infants up to 6 months after birth
are 100mg/d and 275mg/d for infants 7-12 months after birth [8].

Children from 1 to 3 years of age are recommended 460mg/d of phosphorus, while
children from 4 to 8 years of age are recommended 500mg/d [8].

This value goes up to 1,250mg/d for males and females aged 9-18, and for males and
females aged 19 and older the RDA is 700 mg/d [8].

2.5.2. Phosphorus handling and human health

Phosphorus is mainly present in the body in the form of phosphate and excess of it is
excreted by the kidneys as phosphate ions [47]. The rate of glomerular filtration of phosphorus
is directly proportional to its serum levels at about 7g per day, only 15-25% of which is
excreted in urine, and rest is reabsorbed by renal tubules [38,47]. Urinary levels of phosphate
can vary around 1799 (221-4936) umol/mmol creatinine, fluctuating heavily with diet [11]. The
amount of phosphate reabsorbed in the kidneys is directly proportional to the availability of
co-transporters in the renal tubules [38]. Therefore, some hormones and diet can modulate the
urine excretion of phosphate by changing the availability of sodium phosphate cotransporters
[38].

Renal phosphate handling is regulated by the PTH, vitamin D, calcitonin, fibro genic
growth factor 23 (FGF23) and Klotho coreceptor [22,47]. PTH promotes phosphorus excretion
via urine but is inhibited by hypercalcemia, which consequently induces phosphate retention
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[48]. Calcitonin released by the thyroid gland, acts similarly to PTH by decreasing the renal
tubular capacity for phosphate reabsorption [48]. Vitamin D promotes calcium ions absorption
by the cells which leads to a lower level of calcium circulating in the blood and consequently
raises PTH release inducing phosphorus renal excretion [47]. FGF23 released by osteocytes
and osteoblasts inhibits calcitriol, vitamin D’s active form, in the kidneys which consequently
repress renal phosphorus excretion [47]. FGF23 activation is mediated by the co-factor Klotho
released by the kidneys. Patients with tumoral calcinosis have presented hyperphosphatemia
due to high levels of fragmented FGF23 in the blood [47]. Glucocorticoids, estrogen, and
dopamine promote phosphaturia [38]. Glucocorticoids act inhibiting proximal tubule synthesis
and changes to the lipid brush border membrane [38]. Estrogen decreases availability of
sodium phosphate cotransporters and increase production of FGF23 [38]. Dopamine promotes
internalization of sodium phosphate cotransporters from the proximal tubule [38].

Genetic mutations that cause hypophosphatemia rickets also disturb phosphorus
metabolism by inducing phosphate excretion due to elevated serum levels of PTH [49].
Potassium deficiency leads to phosphaturia due to modifications in the composition of the lipid
membrane of the proximal tubule which inhibits the activity of sodium potassium cotransporters
[38]. Hypertension and metabolic acidosis stimulate phosphaturia by removal and inhibition
of sodium phosphate cotransporters in the proximal tubule, respectfully [38]. A 24-h urine
test for phosphate concentration has been noted to be the most accurate method for estimating
short-term ingestion of phosphorus [50]. A phosphate urine test can also be indicated in the
investigation of kidney disease [51].

2.6. Sulfur

Sulfur is an essential mineral constituent of amino acids, enzymes, vitamins, and proteins
[52]. Sulfur can be obtained in the diet through the ingestion of sulfur containing amino acids

such as methionine and cysteine, as well as cruciferous and alliaceous vegetables [53].
2.6.1. Dietary recommended intake

Recommended dietary allowances for sulfur have not been established, however, the
World Health Organization has determined 13mg/kg per 24h as the recommendation for sulfur-
containing amino acids intake in healthy adults [54].

2.6.2. Sulfur handling and human health

Sulfur containing amino acids (SAA) methionine and cysteine are catabolized into sulfate
and taurine as the two main S-containing end products which are excreted almost entirely in
the urine and can be a marker of SAA catabolism and whole-body amino acid catabolism
[55]. Normal concentrations of sulfate in urine are 2407.89 (2171.05-2697.36) umol/mmol
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creatinine fluctuating slightly with diet [55]. Sulfur containing amino acids are converted into
sulfate in the body through an oxidation process known as sulfoxidation pathway [56]. The
penultimate product of this pathway is sulfite which is then further converted into sulfate in
the kidneys and liver by sulfite oxidase (SO) and molybdenum [56]. Therefore, in conditions
where this sulfite is unable to be cleared, due to a mutation in the SO gene (SO deficiency)
or any of the several genes involved in the synthesis of molybdopterin’s (as in molybdenum
cofactor deficiency (MoCD)), toxic sulfite and a secondary metabolite, S-sulfocysteine (SSC)
accumulates in the brain creating neurological damage which progresses rapidly leading to a
high infant mortality rate [55-59]. The serum sulfite levels in healthy individuals stay within
4-5 nmol/L, but increases due to inability or ineffective clearance by kidney, such as chronic
renal diseases [56].

Gender and age differences, growth and thyroid hormones, dietary sulfate, vitamins, and
non-steroid anti-inflammatory drugs (NSAID) can affect sulfate reabsorption in the kidneys
and consequently affect excreted urinary sulfate [60]. Men have shown a significantly higher
24-h urine excretion of inorganic sulfate than women, while children and infants have been
reported to have a lower sulfate excretion than adults [30]. This can be explained by the elevated
levels of sodium/sulfate cotransporters located in the kidneys of infants, young children, and
pregnant women, which promote sulfate reabsorption by the kidneys [30]. Various factors
increase urinary sulfate levels. Decreased sodium/sulfate cotransporter has been reported after
the use of glucocorticoids and NSAIDs, excess ingestion of methionine, vitamin D deficiency,
potassium deficiency, and hypothyroidism, thus inducing increased urinary sulfate levels [30].

Reabsorption capability of sulfate in kidney transplant receptors and kidney donors
is greatly decreased ultimately increasing urinary sulfate excretion [60]. Sulfate excretion
increases for some health conditions like Type 1 diabetes and burns. Type 1 diabetes patients
have demonstrated a high urinary sulfate excretion due to progressive decline in glomerular
filtration rate, a risk factor for kidney nephropathy [61]. Burn victims present higher excretion
of sulfate during the catabolic phase [62]. Urinary sulphate is a reflection of dietary protein
intake of foods like meat and fish that are rich in the Sulphur containing amino acids methionine
and cysteine [63]. It may be used as an index of protein-induced calciuria, stones like calcium
oxalate in urine and impaired renal function [63-65].

2.7. Chloride

Chloride is the body’s major extracellular anion. It is necessary for maintaining fluid
and electrolyte balance, muscle contraction, and digestion [4]. Chloride is obtained in the diet,
most commonly in the form of table salt [4]. Additionally, it is present in processed foods,
meats, milk, eggs, and vegetables [4].
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2.7.1. Dietary recommended intake

Recommended dietary allowances of chloride for infants up to 6 months after birth are
0.18g/d and 0.57g/d for infants 7-12 months after birth [8].

Children from 1 to 3 years of age are recommended 1.5g/d of phosphorus, while children
from 4 to 8 years of age are recommended 1.9g/d.8 This value goes up to 2.3g/d for males and
females aged 9-50, then goes down to 2.0g/d for the ages 51-70, and finally 1.8g/d for the ages
of 71 and older [8].

2.7.2. Chloride handling and human health

Chloride concentrations are regulated by the kidneys, with reabsorption occurring in the
distal and proximal tubules through both active transcellular transport and passive paracellular
transport [66]. Excess filtered calcium is excreted via urine [22]. Normal ranges for urinary
chloride vary around 8881.6 (5263.2-17763.2) umol/mmol creatinine [55]. Urinary chloride
excretion mirrors sodium excretion with accordance to dietary intake [21]. Urinary chloride test
can be done to help diagnose acid-base and osmolar disorders, as well as to be used in formulas
such as the anion gap, strong anion gap, strong ion difference, and chloride/sodium ratio used
to assess metabolic acid-base disorders in emergency and critically ill patients [4,67]. For
instance, the anion gap is a sum of the concentrations of chloride and bicarbonate subtracted
from the concentration of sodium, which helps assess bodily chloride/sodium ratios [68]. A
high chloride and low sodium chloride ratio indicates the presence of a competitor cation in the
urine, usually ammonium, which forces chloride out of the body even in a hypochloremic state
[21]. This is usually due to diarrhea, which causes hypokalemia and metabolic acidosis [21].
Excessive chloride loss can happen in patients with renal failure, which leads to hypochloremia
and metabolic alkalosis [4]. In this case, urine chloride levels can be an indicator to whether
the alkalosis is responsive or resistant to treatment with chloride-containing solution [21].
Low urine chlorine, less than 15 mEq/L, means a responsive metabolic alkalosis while a high
urine chloride, more than 15 mEg/L, means a resistant metabolic alkalosis [21]. Excessive
renal bicarbonate loss due to medications that promote bicarbonate excretion increases renal
chlorine reabsorption, leading to hyperchloremia and metabolic acidosis [4]. It has also been
found that mutations in with-no-lysine (WNK) kinase impact body homeostasis by modifying
chloride transport chains and promoting sodium and chloride renal retention [69]. In general,
urinary chloride is an indicator of fluid balance and acid-base homeostasis. In the absence of
acid-base disturbances, urinary chloride reflects chloride taken mainly in the form of sodium
chloride [70].

3. Conclusion

The urinary mineral parameters are thought to be reflective of an individual’s dietary
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habits and there are ongoing research efforts dedicated to assessing the diagnostic value of these
urinary mineral levels as biochemical indicators of nutritional status. Another area where these
levels are being useful is as indicators of mineral metabolism associated disorders, especially
in conjunction with disorders in the renal system.
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