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Hypercalciuria is a complex condition associated with kidney stones, osteopenia, and 
osteoporosis. It is typically defined as urinary calcium excretion exceeding 200 mgper day, 
although factors such as age, diet, race, vitamin D levels, and genetics influence this threshold. 
A more practical assessment is the urinary calcium-to-creatinine ratio, with values above 0.20 
indicating hypercalciuria. Evaluating this condition is important, as it indicates disturbances 
in calcium metabolism and homeostasis, involving the kidneys, bones, and intestines through 
endocrine regulation. Hypercalciuria is classified into absorptive, resorptive, and renal types, 
reflecting its underlying pathophysiology and genetic basis. It may result from both primary 
genetic and secondary environmental causes. Clinically, it is a multifactorial disorder caused 
by abnormal calcium transport, influenced by dietary and hereditary factors. Managing 
hypercalciuria is essential to prevent complications such as kidney stones, bone loss, and 
metabolic disturbances. Although it may appear minor, its long-term health impact can be 
significant. Therefore, understanding its causes and mechanisms is crucial to minimising 
risks and maintaining overall well-being.

Introduction
Calcium is a vital micronutrient in humans, playing an essential role in processes ranging from the 

formation and development of the skeleton to the temporal and spatial regulation of brain function. It 
is also involved in numerous processes, such as hormone secretion, heart contraction, blood coagulation, 
and neurotransmission. To perform these everyday functions, the body strives to maintain a constant level 
of calcium in the blood and tissues. A balance between absorbed calcium, secreted calcium, and serum 
calcium is maintained through a complex interaction among calcitonin, 1,25-dihydroxycholecalciferol, 
parathyroid hormone (PTH), and ionised calcium. When blood calcium levels fall too low, parathyroid 
hormone (PTH) signals the bones to release calcium into the bloodstream. This hormone may also 
activate vitamin D, enhancing calcium absorption in the intestines. PTH also signals the kidneys to 
excrete less calcium in the urine. Conversely, when the body has sufficient calcium, a separate hormone 
called calcitonin acts in the opposite direction: it reduces blood calcium levels by inhibiting calcium 
release from bones and directing the kidneys to eliminate more calcium in the urine. On average, renal 
excretion of calcium is about 200 mgper day with a typical adult diet (Jeon, 2008). Excretion of more 
than the average amount of urinary calcium is referred to as hypercalciuria.

Generally, hypercalciuria is considered the most common identifiable metabolic risk factor causing 
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several complex disorders, including calcium nephrolithiasis, osteopenia, and osteoporosis. It is defined 
as urinary calcium excretion exceeding 200 mg per 24-hour collection (or more than 4 mg of calciumper 
kgper 24 hours) (Haleblian and Preminger, 2011). However, the exact definition of hypercalciuria is 
somewhat unclear, and some investigators use higher thresholds to define hypercalciuria in men (>250–
300 mg/day) and women (>200–250 mg/day). Traditionally, it has also been described as daily urine 
calcium excretion of more than 250 mg for women and more than 275 mg for men. This definition 
depends solely on gender and disregards factors such as concentration, age, renal function, and weight. 
In the absence of dietary modification, hypercalciuria is often characterised as 24-hour urine calcium 
excretion greater than 7.5 mmol in males and 6.25 mmol in females (Coe et al., 1982). Since age, race, 
dietary habits, vitamin D status, renal function, and various genetic variables all affect calcium excretion 
(Metz, 2006), different age groups and geographic regions have different cut-off values for normal 
calcium excretion. Therefore, a practical means to characterise or define hypercalciuria is by using 
the urinary calcium creatinine ratio (UCaCrR), which is more suitable and convenient than 24-hour 
urine collection (Emamghorashi and Davami, 2010; Penido et al., 2002). As a result, urinary calcium 
creatinine ratio readings above 0.20 are regarded as hypercalciuria (Leslie and Sajjad, 2024).

Assessment of hypercalciuria through urinary calcium excretion is an important clinical test 
for various health issues, including hyperparathyroidism, hypoparathyroidism, vitamin D toxicity, 
vitamin D supplementation, and calcium supplementation (Leslie and Sajjad, 2024). The association 
between hypercalciuria and calcium nephrolithiasis has long been recognised, although the nature of 
this relationship remains uncertain. Hypercalciuria is also reported to be a risk factor for less severe 
conditions such as haematuria (Stapleton, 1994) and possibly polyuric enuresis in infants (Aceto et 
al., 2003), but hypercalciuria itself is not harmful. Overall, the significance of hypercalciuria lies in its 
consequences, as it can lead to various complex disorders.

Given the considerable importance of hypercalciuria in a range of complex disorders, the biochemical 
pathways associated with hypercalciuria and the related factors that may be involved require close 
attention to help control its potential consequences. Accordingly, this review will focus on two main 
areas: the pathophysiological pathways leading to hypercalciuria, and the risk factors, including genetic 
and environmental influences, with particular emphasis on dietary factors that induce hypercalciuria.

Pathophysiology pathway involved in hypercalciuria
Although various factors may contribute to hypercalciuria, it is generally attributed to disturbances 

in calcium homeostasis. Calcium homeostasis regulates the coordinated movement of calcium 
through the intestine, kidney, and bone under the influence of parathyroid hormone (PTH) and 
1,25-dihydroxyvitamin D. Abnormalities in calcium homeostasis can result in undesirable outcomes, 
such as abnormally high or low serum calcium levels or insufficient bone mineralisation. According 
to the traditional model of calcium homeostasis, when serum calcium levels decrease, parathyroid 
hormone is released, stimulating the hydroxylation of 25-hydroxyvitamin D to produce the active form, 
1,25-dihydroxyvitamin D. This increases active calcium absorption, renal calcium reabsorption, and 
bone resorption to restore serum calcium levels to the normal range. Numerous organs are involved 
in calcium homeostasis, which is primarily regulated by endocrine mechanisms and fluxes through 
three target organs that work together to maintain calcium balance. Hypercalciuria can be classified 
as absorptive hypercalciuria, resorptive hypercalciuria, and renal hypercalciuria (Pak et al., 1975). This 
classification is significant in terms of both pathophysiology and genetics.

In absorptive hypercalciuria, the primary abnormality is increased intestinal absorption of calcium, 
which raises the renal filtration load and suppresses parathyroid activity due to elevated blood calcium 
levels. One possible mechanism for this increased absorption is a higher level of calcitriol. Calcitriol 
increases the expression of the calcium transport protein TRPV6 in the intestine (Hoenderop et al., 
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2005), and calcium absorption is directly related to calcitriol levels. This combination of increased 
absorption and reduced renal tubular reabsorption of calcium induces hypercalciuria. Absorptive 
hypercalciuria is classified into two types: Type I (AH-I), which is considered more severe, and Type II 
(AH-II), which is mild to moderate.

In renal hypercalciuria, the main abnormality is a decrease in renal tubular calcium reabsorption. 
The reduction in renal calcium reabsorption leads to lower serum calcium levels. This decrease in serum 
calcium stimulates parathyroid function. As a result, excessive calcium is mobilised from bone due to 
increased parathyroid activity, which also enhances intestinal absorption of calcium and stimulates 
renal synthesis of 1,25-(OH)2D. These effects increase the circulating calcium concentration and renal 
filtration load, often resulting in significant hypercalciuria.

Resorptive hypercalciuria is associated with primary hyperparathyroidism. The main feature is 
increased bone resorption caused by excessive parathyroid hormone secretion. Intestinal calcium 
absorption is also elevated due to parathyroid-dependent stimulation of 1,25-(OH)2D production in 
the kidney. These effects raise serum calcium concentration and the renal-filtered calcium load, resulting 
in significant hypercalciuria.

All three conditions lead to hypercalciuria, although the underlying causes differ and the physiological 
profiles vary in each case. Some researchers have argued against classifying them separately, suggesting 
instead that they should be grouped together as a heterogeneous set of conditions, as it is difficult to 
distinguish and identify the problems in different organs (Moe and Bonny, 2005).

Risk factors of hypercalciuria
Since hypercalciuria is a precursor to various complex disorders, including kidney stone disease, 

several factors may increase susceptibility to hypercalciuria. It is primarily caused by genetic conditions, 
while physical factors such as lifestyle, physiological functioning of calcium absorption by the kidney, 
intestine and bone, biochemical composition of hormones such as PTH, and dietary factors can be 
secondary causes. Figure 2 shows the multi-linear model of various risk factors by which hypercalciuria 
can be induced (fig. 2).

Continuous Variable
Unlike other disorders that can be theoretically or practically divided into yes-no events, hypercalciuria 

cannot be considered a binary status; rather, it is a continuous variable, similar to parameters such as 
blood pressure and body mass. Hypercalciuria is a quantitative trait; the amount of calcium in a urine 
sample can have different interpretations depending on urine volume, pH, and the concentration of 
all the anions that interact with calcium. Furthermore, each of these additional components is also a 
continuous variable.

Secondary and Compensatory Effects
Figure 1 illustrates the three distinct phenomena that constitute the occurrence of hypercalciuria. 

Each displays a different physiological profile associated with a wide variety of secondary symptoms, 
which are either downstream effects or compensatory reactions to the core disturbance of hypercalciuria. 
However, using a single parameter as the “phenotype” may seriously impair the genotype-phenotype 
link unless additional effort is made to distinguish and identify primary, secondary, and compensatory 
alterations (fig. 1).

Phenocopy
A phenocopy is an environmentally induced phenotype in one individual that resembles the 

genotype-determined phenotype of another. Nongenetic factors may influence bone calcium release, 
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renal calcium handling, and gut calcium absorption (Breslau et al., 1982). Several dietary components 
can affect urinary calcium excretion entirely through nongenetic mechanisms. It is extremely difficult 
to exclude increased dietary calcium intake as a cause of hypercalciuria, as this can only be assessed 
through a food history, which is at best semiquantitative. Many other nongenetic factors and dietary 
considerations influence intestinal calcium absorption and bone formationor resorption. The only 
protection against phenocopic artefacts is a robust pathophysiological understanding and information. 
This review will discuss some of the major phenocopy factors later.

Polygenic Influence
Studies suggest that various genes influence the excretion of urinary calcium. In humans, each of 

these genes has numerous fully functional alleles with slight quantitative differences in function. For 
example, the VDR gene is associated with intestinal calcium absorption; genes involved in dRTA can 
alter the ability of dietary acid to release calcium from bone; the PCLN-1 gene regulates paracellular 
calcium permeability in the thick ascending limb; the TRPV5 gene controls calcium absorption in the 
distal convoluted tubule; and CaSR alters the sensitivity of the renal calcium-sensing receptor to plasma 
calcium concentration. If one of these gene products increases urinary calcium excretion by a negligible 
0.5 mmol/d (20 mg), then carrying all five predisposing alleles could increase urinary calcium by 2.5 
mmol/d (100 mg).

Loci Heterogeneity
Locus heterogeneity is justified similarly to polygenic influence. Different underlying genetic lesions 

may initiate the pathophysiological cascade in markedly dissimilar ways, but by the time the lesion 
manifests clinically at the level of the entire organism, they may have converged on a single end organ. 
Two people with the same phenotype could have completely different disease-causing genetic regions. 
Therefore, commencing a genomic search with hypercalciuria as a starting point could lead a researcher 
in several different directions.

Genetics of hypercalciuria
Not all genetic disorders can be addressed using a Mendelian approach, as there are unavoidable 

uncertainties in both genotyping and phenotyping, regardless of the presence of clinical symptoms or 
mutations. Hypercalciuria is a complex trait and cannot be classified solely by traditional Mendelian 
categories (Moe and Bonny, 2005). However, the core principle of all genetic approaches involves 
some form of genotype-phenotype correlation. Hypercalciuria may develop as a single-gene trait or a 
polygenic trait, in association with other metabolic abnormalities, or as part of a renal tubular disorder. 
Up to 65% of individuals with hypercalciuric nephrolithiasis have a family history of the condition 
(Resnick et al., 1968), and inheritance may be polygenic quantitative or monogenic, with autosomal 
dominant, autosomal recessive, or X-linked recessive modes of transmission.

Autosomal dominant hypocalcemia with hypercalciuria
Autosomal dominant hypocalcaemia is characterised by a low level of calcium in the blood. This 

reduced blood calcium can lead to increased calcium excretion in the urine, resulting in hypercalciuria. 
Some individuals with autosomal dominant hypocalcaemia (hypoparathyroidism) also have low 
levels of parathyroid hormone (Kinoshita et al., 2014). Based on genetic cause, autosomal dominant 
hypocalcaemia is classified into two types. Both types generally present with the same signs and symptoms. 
Type 1 autosomal dominant hypocalcaemia is primarily caused by a mutation in the CaSR gene. Type 
2 cases, which represent a small proportion of all cases, are caused by alterations in the GNA11 gene. 
The CaSR gene provides instructions for making the calcium-sensing receptor protein. This protein 
can monitor and regulate blood calcium levels by binding calcium molecules. Gα11, a protein produced 
from the GNA11 gene, is part of a signalling complex that works with CaSR. When blood calcium 
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concentration reaches a certain level, CaSR activates Gα11 to transmit signals that decrease blood 
calcium. Consequently, blood calcium levels remain low, resulting in hypocalcaemia.

Autosomal recessive hypomagnesemia with hypercalciuria 
It is caused by a mutation in the PCLN-1 (Claudin16/Paracellin-1) channel gene, located at 3q27, 

and is inherited in an autosomal recessive manner (Praga et al., 1995). Claudin16/Paracellin-1 is a 
tight junction protein present in the paracellular route of the thick ascending limb of Henle’s loop. Its 
mutation alters the permeability of paracellular pathways, resulting in persistent hypomagnesaemia and 
hypercalciuria, which lead to early nephrocalcinosis (Simon et al., 1999). A study of PCLN-1 mutations 
shows that affected families from Western and Eastern Europe, the Mediterranean region, and Sri Lanka 
have 24 distinct variants (Weber et al., 2001).

X-Linked recessive 

Dent disease is a rare X-linked genetic disorder characterised by hypercalciuria and proteinuria in 
the proximal renal tubules. This condition typically presents in childhood or early adulthood and 
affects males more severely than females. It is caused by various mutations in the X-linked chloride 
channel CLCN5 gene (Lloyd et al., 1996), located on the short arm of the X chromosome (Xp11.22) 
(Scheinman et al., 1993), which encodes the 746-amino acid protein chloride channel 5 (CIC-5).

Candidate Genes and Loci for Hypercalciuria

Several genes, including sAC, VDR, CaSR, and CALCR, have been studied for their association 
with possible pathophysiological relevance. Their polymorphisms have also been examined in other 
studies as a source of phenotypic variability associated with hypercalciuria.

sAC

Soluble adenylate cyclase (sAC) is expressed in kidney, gut, and bone cells, although its function in 
these organs remains under investigation. Recent research indicates that sAC acts as a bicarbonate sensor. 
It is activated by bicarbonate ions, but the effect of bicarbonate on sAC is regulated by divalent cations 
(Geng et al., 2005). The sAC gene, located on chromosome 1q23.3-24, is associated with hypercalciuria 
(Reed et al., 1999). Sequencing of genes at this locus revealed a link between hypercalciuria and six base 
alterations in the bicarbonate-sensitive sAC gene, with two of these substitutions found exclusively in 
hypercalciuric patients. Bone mineral density decreased as the number of base substitutions increased, 
and osteoporosis was more common in individuals with at least one base substitution (Reed et al., 2002). 
A higher proportion of hypercalciuria was observed in healthy volunteers with nucleotide changes in the 
sAC gene, demonstrating the gene’s importance in calcium excretion (Reed, 1999). However, despite 
using the same microsatellite markers, no such association with chromosome 1q23.3-24 was found 
in nine European hypercalciuric stone-forming families (Muller, 2002). Therefore, further analysis is 
required to clarify its relationship with hypercalciuria.

VDR

VDR is expressed in vitamin D-sensitive tissues. VDR polymorphisms increase calcium excretion by 
increasing intestinal calcium absorption. The potential stone-forming effect of VDR polymorphisms 
may be mediated by intestinal calcium absorption, but it could also result from decreased citrate 
excretion, which may be induced by vitamin D (Mossetti et al., 2003). It has often been suggested that 
vitamin D metabolism is predominantly affected in hypercalciuria due to its importance in intestinal 
calcium absorption. The association between chromosome 12, which contains the VDR gene, and 
hypercalciuria was investigated using microsatellite markers spanning the candidate chromosome or 
intragenic RFLP (Scott et al., 1999). In a study of the French-Canadian population, sib pair markers 
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of chromosome 12q12-14 showed an association between the VDR gene locus and hypercalciuria. 
In a linkage study of six Indian families, four families showed an association of the VDR gene with 
hypercalciuria (Khullar et al., 2006). Regardless of the specific polymorphism, VDR variability also 
appears to affect bone mass, calcium absorption, calcium excretion, and stone formation, all of which 
are related to hypercalciuria.

CaSR

The calcium-sensing receptor (CaSR) gene encodes the calcium-sensing receptor, which regulates 
parathyroid hormone (PTH) secretion and calcium reabsorption, making it the primary controller 
of extracellular calcium homeostasis. Activation of the CaSR decreases PTH secretion and reduces 
calcium reabsorption from the thick ascending limb (TAL). CaSR activation thereby increases urinary 
calcium excretion through both direct and PTH-mediated actions on renal tubular cells. Activation 
of the CaSR, particularly in the TAL, leads to hypercalciuria, which is the primary risk factor for renal 
stone formation (Besiroglu et al., 2014). Therefore, any mutation or polymorphism in the CaSR 
gene can cause significant changes in these processes and result in hypercalciuria. Genetic variants of 
CaSR, specifically the SNPs “rs1801725” and “rs1042636”, are being studied in various populations 
for several diseases, including cancer (Wang et al., 2017), hyperparathyroidism (Dsouza et al., 2001; 
Grzegorzewska et al., 2016; Rothe et al., 2011), and renal stone disease (Vezzoli et al., 2011), and have 
shown a potential association with disease pathophysiology. These two SNPs were also studied in the east 
Indian population from Kolkata and were found to be associated with an increased risk of developing 
hypercalciuria and renal stone disease (Guha et al., 2015).

CALCR

The calcitonin receptor (CALCR) is a seven-transmembrane G-protein coupled receptor located 
on the epithelial cells of the thick ascending limb of the loop of Henle, distal convoluted tubules, 
and collecting ducts. It is encoded by the CALCR gene on chromosome 7q21.3 (Masi and Brandi, 
2007). Calcitonin, a hormone related to calcium metabolism, increases absolute calcium reabsorption 
and decreases phosphate reabsorption in renal tubules by binding to CALCR (Carney, 1997). 
Comprehensive screening of the CALCR gene has revealed several polymorphic sites, most of which 
are single nucleotide polymorphisms (SNPs). Prospective studies have established a positive association 
between one SNP, rs1801197 (Leu447Pro), and osteoporosis, hypercalciuria, and renal stones. Another 
SNP, rs1042138, has been found to be strongly associated with osteoporosis in the Korean population 
(Lee et al., 2010) and with hypercalciuric renal stones in the Iranian population (Shakhssalim et al., 
2014). Although the Indian population is highly diverse and complex, with five major ancestries (Basu 
et al., 2016), only two studies have investigated the association of CALCR with hypercalciuria. In 
a study on the North Indian population, an association between rs1801197 and hypercalciuria and 
kidney stone disease was found (Mittal et al., 2004). The single nucleotide polymorphism rs1801197 
was found to be associated with hypercalciuria, which leads to stone formation in paediatric patients 
(Bid et al., 2005), but the study on the adult population yielded negative results (Mittal et al., 2004).

Dietary factors
As mentioned earlier, hypercalciuria is multifactorial and involves both genetic and environmental 

determinants. Genetic and environmental factors may influence the development of hypercalciuria 
(Özçelik et al., 2004). Secondary hypercalciuria can result from dietary abnormalities and various 
endocrine, renal, and bone conditions (Coe et al., 1992). Dietary intakes of calcium, sodium, potassium, 
protein, carbohydrates, and alcohol have been shown to be closely correlated with urinary calcium 
excretion. These dietary components have been demonstrated to affect calcium metabolism in healthy 
individuals without nephrolithiasis and, to a much greater extent, in those with idiopathic hypercalciuria.
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Dietary Calcium

Calcium increases the supersaturation of mineral crystallisation in hypercalciuria and, by interacting with 
stone-inhibitory substances such as citrate and glycosaminoglycans, removes them (Sandvik et al., 1993). 
Historically, reducing dietary calcium intake has been emphasised as a means of treating hypercalciuria. 
Recommendations to reduce dietary calcium were frequently given to people with hypercalciuria. Although 
higher dietary calcium can increase intestinal absorption and subsequently raise urinary calcium levels, 
limiting calcium intake does not appear to reduce the risk of hypercalciuria. A case-control comparison of 
calcium-rich diet intake by oral consumption with urinary excretion showed that, in case samples, urinary 
calcium excretion is influenced by food, while in control samples, calcium excretion varies according to 
diet (Nishiura et al., 2002). Conversely, increased calcium intake has been shown to reduce the risk of 
hypercalciuria, while lower calcium intake increases it (Sorensen, 2014). Large observational studies have 
also demonstrated a significant negative correlation between dietary calcium intake and the incidence of 
hypercalciuria, with a 34% increase in risk among young males with low calcium intake (Heilberg and 
Goldfarb, 2013). However, individuals who take calcium supplements have a higher risk of developing 
hypercalciuria if they take them outside of meals. This may be due to increased intestinal absorption of 
free oxalate resulting from insufficient oxalate-binding calcium. For example, calcium supplements taken 
without food, and therefore without possible intestinal binders such as oxalate and phytate, result in 
higher urinary excretion and intestinal calcium absorption than supplements taken with meals (Heilberg 
and Goldfarb, 2013). Calcium intake between meals has a different effect than calcium intake combined 
with other nutrients. The general recommendation for preventing hypercalciuria is to maintain a moderate 
dietary calcium intake in line with the dietary reference intakes for age and gender groups.

Dietary Sodium & Potassium

Dietary sodium contributes to hypercalciuria by increasing extracellular volume and through sodium 
ion competition with calcium in the renal tubule. For every 2,300 mg (equivalent to one teaspoon) of 
daily dietary sodium consumed, urine calcium increases by 25–40 mg (Bleich et al., 1979). Some studies 
have also shown that sodium significantly affects urinary calcium excretion; for example, an increase in 
urinary sodium of 25 mmol per day results in a 0.6 mmol per day increase in calcium excretion (Sabto 
et al., 1984). Additionally, high sodium intake has been associated with lower bone mineral density 
(Martini et al., 2000). Medical guidance from a registered nutritionist can help individuals who need 
to reduce their salt intake to prevent excessive urinary calcium excretion. Although many people claim 
not to consume much salt, dietary assessment can help them understand their sodium intake beyond 
recommended limits. Potassium is also a contributing factor to urinary calcium excretion (Lemann et al., 
1991). One study found that dietary potassium deficiency is associated with increased urinary calcium 
excretion in healthy adults consuming normal amounts of sodium (Muldowney et al., 1982). In contrast, 
sodium and potassium also increase urine volume and pH, which is important in cystine lithiasis.

Dietary Protein

A study reveals that comparatively high urinary calcium excretion is caused by high protein 
consumption, especially animal protein (Reddy et al., 2002). Protein, by its action, significantly 
contributes to forming a link between calcium (increased calcium) and uric acid (decreased citrate). 
While balanced protein intake is necessary to stimulate metabolism, excessive consumption increases 
the strain on the kidneys and liver (Ambühl, 2011). It also leads to increased urinary calcium excretion, 
renal citrate reabsorption, renal acid excretion, and calcium reabsorption, all of which contribute to 
hypercalciuria (Reddy et al., 2002).

Dietary Carbohydrate

A high-carbohydrate diet may temporarily increase urinary calcium excretion (Penniston and 
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Nakada, 2013). Carbohydrates inhibit calcium reabsorption at the distal tubule; however, further 
research has shown that high concentrations of glucose can promote intestinal calcium absorption 
(Li, 2014). Fructose also increases the excretion of oxalate and calcium in the urine, both of which are 
significant risk factors for hypercalciuria. It is recommended that people who consume large amounts 
of refined carbohydrates, such as sweetened drinks, juices, processed grains, sweets, and foods with high 
added sugar content, including sugary breakfast cereals, should instead choose less refined whole grains, 
whole fruits, and low-calorie beverages.

Alcohol & Caffeine

Alcohol and caffeine may increase calcium excretion in urine (Weaver et al., 2006). Acute alcohol 
consumption results in hypoparathyroidism, hypercalciuria, and hypocalcaemia. After acute alcohol 
intoxication, parathyroid hormone (PTH) levels may decline by 70%. However, moderate alcohol 
consumption over time elevates PTH levels. Long-term alcohol use leads to low serum vitamin D levels, 
which impairs intestinal calcium absorption and causes hypocalciuria. Alcohol consumption appears 
to have a direct inhibitory effect on osteoblast activity, an effect that is amplified in smokers. During 
periods of alcohol intake, urinary calcium excretion may increase by more than 200% compared with 
healthy individuals. Alcohol use has also been associated with osteoporosis.

Caffeine has been shown to increase urinary calcium excretion. However, the clinical significance 
is minimal unless extremely large doses of caffeine are consumed. Consumption of 34 ounces of 
caffeine is required to produce a loss of 1.6 mmol of total calcium. Caffeine-induced hypercalciuria 
appears to correspond with changes in urinary prostaglandin F2-alpha (PGF2-alpha), suggesting that 
prostaglandins may play a role in hypercalciuria. Whether alcohol or caffeine should be limited or 
avoided depends on individual preferences and typical consumption levels.

Conclusion
In light of the preceding factors, evidence acquired thus far supports that hypercalciuria is a complex 

condition, at least from a genetic perspective, and can be classified into distinct pathophysiological 
categories based on different initiating events. Various forms, including both primary and secondary 
hypercalciuria, are induced by genetic and environmental factors. Research on hypercalciuria has 
identified several candidate genes, such as sAR, VDR, CaSR, and CALCR, in its aetiology. Conversely, 
clinical observations also indicate that hypercalciuria is a multifactorial disorder characterised by 
abnormal calcium transport due to various combinations of genetic and dietary factors. Urinary 
calcium must be regulated to control hypercalciuria-related health complications such as kidney stones, 
metabolic disorders, bone loss, and osteoporosis. Although hypercalciuria may appear to be a minor 
disorder, its potential impact on health and quality of life is significant. Given its importance, it is 
advisable to understand the causal factors of hypercalciuria to minimise its possible consequences.
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Images
Fig 1 - Diagrammatic presentations of forms of hypercalciuria (a) Absorptive hypercalciuria (b) Renal hypercalciuria (c) 
Resorptive hypercalciuria. 

Fig 2 - Hypercalciuria as a complex trait and encounters the linear model. 


