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Review Article
Hypercalciuria in Children: A Review

Background and Aim: Severe loss of calcium in the urine is called hypercalciuria. This 
study aimed to review the etiology of hypercalciuria in children to provide information on the 
management and complications that can improve the prognosis of hematuria.

Methods: In this narrative review study, information was extracted from the related articles 
found in databases, such as Scopus, Google Scholar, Embase, Web of Science, PubMed, and 
the Directory of Open Access Journals. 

Results: The main cause of nephrolithiasis in children is metabolic cause, and hypercalciuria 
is considered the most common cause. Hypercalciuria increases the risk of urinary stones and 
other problems.

Conclusion: Hypercalciuria is a very important cause of kidney stones. This study provides 
information for the initial evaluation and monitoring of children with hypercalciuria. There 
is no evidence-based method for its diagnostic evaluation. It is recommended that extensive 
public attention should be paid to the cause and management of hypercalciuria in children.
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Introduction

Continuing education activity

alcium is an important factor in cell mem-
brane transport, coagulation, hormone 
secretion, neuromuscular activation myo-

cardial contraction, and many other physiological pro-
cesses in the body. Severe loss of calcium in the urine 
is called hypercalciuria. The main identifiable cause of 
nephrolithiasis in children is metabolic causes, and hy-
percalciuria is considered the most common cause. This 
study describes the etiology, evaluation, presentation, 
and treatment of hypercalciuria and provides an up-to-
date overview.

Study objectives

The objectives of this study include the following items:

● Study of calcium metabolism

● Definition of idiopathic hypercalciuria (IH)

● Prevalence, cause, and symptoms of hypercalciuria

● Diagnosis and evaluate patients with hypercalciuria

● Discuss the treatments for hypercalciuria

Introducing and review calcium metabolism

Elemental calcium (Ca) is a cation that is almost all 
bound in bones. In serum, about 50% of calcium is free 
ionized (Ca2+), 40% is bound to protein, and 10% is 
complexed with bicarbonate, citrate, or phosphate [1, 2]. 
Calcium is obtained in the body through the intestines as 
well as the stores in the bones. Only the free and ionized 
part is responsible for the important biological effects of 
Ca. Extracellular calcium levels are normally maintained 
by a complex system of hormonal interactions. 

Intestinal absorption, renal excretion and transport of 
Ca in bone and soft tissue are controlled by the coor-
dinated action of different hormonal systems and keep 
the blood calcium level within a narrow physiological 
range [1-3]. These include 1,25-(OH)2-vitamin D3, para-
thyroid hormone (PTH), and fibroblast growth factor-23 
(FGF-23). FGF23 is a growth hormone factor produced 
in bone tissue that causes hypophosphatemia in asso-
ciation with PTH and vitamin D [1-3]. Serum-filtered 
calcium is reabsorbed by the proximal tubule (>60%), 
the thick ascending limb of Henle (25%), and the rest 

in the distal convoluted tubule and collecting ducts [1, 
2]. Hypercalciuria means excessive excretion of calcium 
through urine, and it is caused by a genetic disorder in 
one of the ways of reabsorption of calcium in the kid-
ney [1, 4]. The different methods used to diagnose hy-
percalciuria are not yet standardized and the prevalence 
of hypercalciuria varies in different countries [1-4]. The 
recommended normal range for the calcium/creatinine 
ratio varies by age, as infants and neonates typically 
have lower urinary creatinine excretion and higher uri-
nary calcium levels [4-7]. Normal range urinary calcium 
excretion (UCaE) in adults is 100-300 mg/day or <4 mg/
kg/24 hours with standard Ca intake. Hypercalciuria in 
children is defined as UCaE >4 mg/kg/24 h [4-6]:

Normal creatinine ratios (mg/dL:mg/dL) may be as 
high as 0.8 in infants aged <7 months, but a ratio >0.2 
suggests hypercalciuria in older children. Hypercalciuria 
is the most common risk factor for nephrolithiasis and 
nephrocalcinosis in children [1, 7]. Most patients are 
classified as idiopathic hypercalciuria despite increasing 
knowledge of underlying causes [1, 7].

Definition of IH

Severe urinary calcium loss is hypercalciuria, but the 
definition of hypercalciuria is confusing [1, 6]. IH is de-
fined as increased UCaE for no apparent reason, which 
can be an autosomal dominant disorder. IH is defined by 
the following items:

● Persistent hypercalciuria despite normal or restricted 
Ca intake;

● Absence of hypercalcemia or any other etiologies for 
hypercalciuria;

● Despite hypercalciuria, normal levels of PTH, P, se-
rum levels of calcium and 1, 25-dihydroxyvitamin D [7]. 
IH is another name for fasting hypercalciuria because 
urinary calcium remains high despite fasting or a low-
calcium diet [8]. 

Prevalence of hypercalciuria

The prevalence of IH depends on various factors, such 
as occupation, geographical areas, nutritional variables, 
climate, and genetic factors [4]. IH has been reported in 
20% to 40% of children with kidney stones and 40% to 
95% of children who form the first stone [7]. The prev-
alence of IH in the general population without kidney 
stones and children without first-degree relatives with 
stones is 2% to 10% [8, 9]. Hypercalciuria is more com-
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mon in close relatives of affected patients. Up to 40% 
of the first and second-degree relatives of hypercalciuric 
recurrent stone formers will also have hypercalciuria [8-
10].

Review of the etiology of hypercalciuria

A multifactorial cause is assumed with a complex in-
teraction of environmental and genetic factors [1, 4]. The 
traditional view of hypercalciuria includes increased ab-
sorption or reabsorption of intestinal calcium, and renal 
calcium leakage, which is a genetic defect of the kid-
ney. Resorptive is increased in renal reabsorption of Ca, 
such as in hyperparathyroidism and renal phosphate 
leakage [1, 7]. Hypercalciuria is usually associated with 
conditions that lead to the following items: Williams 
syndrome, inherited as an autosomal dominant disor-
der affecting 50% of first-degree relatives are affected; 
drug (loop diuretics, corticosteroid therapy); Cushing 
syndrome; tubular dysfunction (Bartter or Fanconi syn-
drome, distal renal tubular acidosis [RTA]); hypercal-
cemia (primary hyperparathyroidism, hyperthyroidism, 
Paget disease, myeloma, malignancy, immobility, accel-
erated osteoporosis, vitamin D intoxication, immobiliza-
tion, sarcoidosis); dent disease [6, 7-11]. 

Hypercalciuria is the result of decreased tubular reab-
sorption of calcium, which is caused by increased excre-
tion of more sodium in the urine, resulting in an increase 
in sodium in the blood. High salt intake is a contributing 
factor and rarely the only cause of significant hypercal-
ciuria [7, 8]. Hypercalciuria is caused by a diet rich in 
animal protein due to the creation of a high acid load in 
the blood, followed by the inhibition of calcium reab-
sorption in the renal tubules and the release of calcium 
from the bones [7, 8].

Describing the symptoms of hypercalciuria 

In the cases of calcium nephrolithiasis, nephrocalcino-
sis, hypercalcemia, hyperparathyroidism, urinary crys-
talluria, osteopenia, and osteoporosis, hypercalciuria is 
expected. However, there are no specific clinical find-
ings in hypercalciuria [7, 8, 12]. Although the cause of 
hematuria and urinary symptoms of microscopic and 
local tissue damage is not known, it is caused by mi-
crocrystals and focal stones, which are difficult to de-
tect and confirm [6, 10]. Hypercalciuria can cause fever, 
painful urination, recurrent abdominal or flank pain, 
dysuria, nocturnal enuresis, recurrent gross hematuria, 
impairment of renal function, chronic kidney disease, 
nephrocalcinosis, and reduction in bone mineral density 
and increased risk of osteoporosis [9, 13-18]. The most 

common cause of isolated hematuria in children is IH 
[6]. Some studies have reported the prevalence of IH to 
be 20% in children with recurrent urinary tract infections 
[9]. As an important recommendation, the presence of 
IH should be diagnosed in children with urinary tract 
infections with or without vesicoureteral reflux [9, 19]. 
A risk factor in 40%-95% of children with first-time 
kidney stones and 40%-50% of children with recurrent 
nephrolithiasis is IH. IH is present in 40-50% of children 
with recurrent kidney stones and 40-95% of children 
with nephrolithiasis [7, 10]. In patients with calcium 
stones, bone mineral density decreases and the risk of 
osteoporosis increases [7, 16].

Diagnosis and description of the evaluation of pa-
tients with hypercalciuria

The presence of hypercalciuria may be recorded in 
different ways, but there is still no standard diagnostic 
method for hypercalciuria [6]. Although it is difficult 
to measure UCa/Cr in 24-h urinalysis in children, it is 
necessary to diagnose hypercalciuria [1, 2]. Previous 
studies have been conducted on the correlation between 
UCa/Cr and 24-h Ca in healthy children [4, 6]. The re-
placement of 24-h UCaE with UCa/Cr is controversial. 
Reports have found inconclusive evidence, while others 
have found strong correlations [5-21]. A 24-h urinaly-
sis is very sensitive and important in diagnosis because 
spot urine chemical analysis has shown poor sensitiv-
ity and specificity for the diagnosis of hypercalciuria 
[8, 20]. Spot urine samples underestimate the 24-h uri-
nary calcium (–71 mg/24 h), and postprandial sampling 
overestimates it (+61 mg/24 h) [8]. Although the exact 
value is not known because this ratio varies with age and 
geographic location, the UCa/Cr cut-off value allows 
screening for hypercalciuria. The random ratio of UCa/
Cr is useful for screening and diagnosis, as well as for 
documenting the benefits and effects of treatment [6].

Treatment in hypercalciuria

In children, treatment of hypercalciuria is primarily di-
etary, at least initially, such as avoiding excessive dietary 
Ca intake, avoiding vitamin D supplements, limiting ani-
mal protein diet, low salt (sodium) and increase fluid intake 
[5, 8, 11, 18, 22-26]. Because Ca is a vital requirement for 
growth and other body functions, restricting Ca in children’s 
diets is not recommended [5]. However, no strong evidence 
supports a relationship between decreased calcium intake 
and decreased urinary Ca levels [5]. Low calcium intake is 
associated with an increased risk of stone formation, which 
is evident in many studies [7]. Hypercalciuria has been 
confirmed to be associated with decreased bone density in 
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patients [5, 7, 8]. In one study, changing the diet from ani-
mal protein to plant protein reduced urinary Ca excretion 
by 50% [8]; if this was also ineffective, start other treat-
ments. Thiazides can increase positive calcium balance and 
reduce UCaE by 40% [8, 27]. From the group of thiazides, 
hydrochlorothiazide, chlorthalidone and indapamide and 
are often used. Chlorthalidone and indapamide have lon-
ger half-lives, but hydrochlorothiazide has a short half-life 
and must be administered twice daily [8, 26]. Thiazides also 
tend to increase the incidence of melanoma, increase serum 
glucose and uric acid levels, and increase urinary excre-
tion of potassium, magnesium, and citrate [16]. If thiazides 
fail, even after adjusting the dose and moderating sodium 
intake, then the patient could have start other treatments. 
It is often helpful to add potassium citrate to these patients 
during thiazide therapy [11, 16, 20]. Potassium citrate in-
creases urinary citrate excretion prevents hypokalemia 
and increases renal calcium reabsorption, which can help 
inhibit the crystallization of Ca salts [8, 16, 26]. Urinary 
calcium excretion was reduced by approximately 30% in 
potassium citrate treatment [28]. If amiloride, a potassium-
sparing diuretic, is added to thiazides, it increases calcium 
reabsorption. Due to the possibility of hyperkalemia, tak-
ing amiloride with potassium citrate is not recommended 
[11, 12]. It is not recommended to use triamterene in pa-
tients with kidney stones because it produces stones [29-
31]. Orthophosphate increases serum phosphate levels, de-
creases vitamin D3 activation and gastrointestinal calcium 
absorption, thereby increasing renal calcium reabsorption. 
Orthophosphates can reduce urinary calcium excretion by 
up to 50% and may be given together with thiazides when 
necessary [8-32]. In IH, the role of cytokines in stimulating 
bone resorption has been established. Several nonsteroidal 
anti-inflammatory agents (e.g. indomethacin, diclofenac) 
have been investigated; however, more studies are needed 
[8, 33]. Omega-3 fatty acids can potentially reduce urinary 
Ca and oxalate excretion and increase urinary citrate, thus 
potentially reducing stone formation by altering prostaglan-
din metabolism [8, 34].

Conclusion

The diagnosis and management of hypercalciuria are 
difficult. According to the current findings, it is recom-
mended to carry out more studies on early diagnosis 
and careful long-term management of this disorder. The 
random screening of UCa/Cr for hypercalciuria is not 
suitable, but it is suitable for diagnosing hypercalciuria 
in children. Evaluation of serum Ca, vitamin D3, PTH, 
and FGF-23 and urine Ca is necessary to investigate the 
causes. There are few published articles. Further large 
studies with multicenter design are recommended. 
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