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Abstract
BACKGROUND 
Hypercalciuria is the most common metabolic risk factor for calcium urolithiasis 
and is associated with bone loss in adult patients. Reduced bone mineral density 
(BMD) was already described in idiopathic hypercalciuria (IH) children, but the 
precise mechanisms of bone loss or inadequate bone mass gain remain unknown. 
Life-long hypercalciuria might be considered a risk to change bone structure and 
determine low bone mass throughout life. The peak of bone mass should occur 
without interferences. A beneficial effect of citrate formulations and thiazides on 
bone mass in adult and pediatric patients with IH have been shown.

AIM 
To evaluate whether pharmacological therapy has a beneficial effect on bone mass 
in children and adolescents with IH.

METHODS 
This retrospective cohort study evaluated 40 hypercalciuric children non-
responsive to lifestyle and diet changes. After a 2-mo run-in period of citrate 
formulation (Kcitrate) usage, the first bone densitometry (DXA) was ordered. In 
patients with sustained hypercalciuria, a thiazide diuretic was prescribed. The 
second DXA was performed after 12 mo. Bone densitometry was performed by 
DXA at lumbar spine (L2-L4). A 24-h urine (calcium, citrate, creatinine) and blood 
samples (urea, creatinine, uric acid, calcium, phosphorus, magnesium, chloride, 
hemoglobin) were obtained. Clinical data included age, gender, weight, height 
and body mass index.
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RESULTS 
Forty IH children; median age 10.5 year and median time follow-up 6.0 year were 
evaluated. Nine patients were treated with Kcitrate (G1) and 31 with Kcitrate + 
thiazide (G2). There were no differences in age, gender, body mass index z-score 
and biochemical parameters between G1 and G2. There were no increases in total 
cholesterol, kalemia and magnesemia. Calciuria decreased in both groups after 
treatment. Lumbar spine BMD z-score increased after thiazide treatment in G2. 
There was no improvement in G1.

CONCLUSION 
Results point to a beneficial effect of thiazide on lumbar spine BMD z-score in 
children with IH. Further studies are necessary to confirm the results of the 
present study.

Key Words: Children; Adolescent; Hypercalciuria; Bone mineral density; Thiazides; 
Citrate
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Core Tip: Should pediatric idiopathic hypercalciuria be treated with hypocalciuric 
agents? Reduction in bone mass has already been described in hypercalciuric pediatric 
patients, and the precise mechanisms of bone loss or failure to achieve adequate bone 
mass remain unknown. Initial recommendations for the treatment of hypercalciuric 
pediatric patients consist of lifestyle changes and adequate diet. Children rarely comply 
with those recommendations and require potassium citrate supplementation or thiazides 
to reduce calciuria. However, anticalciuric therapy in children and adolescents is not 
based on strong clinical evidences. We speculate if the anticalciuric effect of pharma-
cologic therapy has a beneficial role on bone mass in pediatric idiopathic hypercal-
ciuria and compromised bone mass in adulthood.

Citation: Penido MGMG, Tavares MS. Should pediatric idiopathic hypercalciuria be treated 
with hypocalciuric agents? World J Nephrol 2021; 10(4): 47-58
URL: https://www.wjgnet.com/2220-6124/full/v10/i4/47.htm
DOI: https://dx.doi.org/10.5527/wjn.v10.i4.47

INTRODUCTION
Idiopathic hypercalciuria (IH) is the leading metabolic risk factor of pediatric 
urolithiasis (UL) and has high morbidity with or without UL. This morbidity is related 
to hematuria, renal colic, abdominal pain, urinary tract infection, voiding dysfunction 
symptoms and bone mass reduction[1]. Studies have showed a decrease in bone 
mineral density (BMD), especially at the lumbar spine, in idiopathic hypercalciuria 
children and adolescents[2-10]. García-Nieto et al[4] in 1997 showed the BMD 
reduction in 30% of their pediatric patients with IH. In sequence, Freundlich et al[10], 
Penido et al[2] and Schwaderer et al[9], demonstrated that 38%, 35% and 47% of their 
pediatric hypercalciuric patients also had significant reduction in BMD.

We all know that the highest accumulation of bone mass occurs during childhood 
and adolescence. The peak of bone mass is reached at the end of the second decade of 
life[11]. A current understanding is that the persistent hypercalciuria would be an 
important contributor to diminished bone mass. Thus, the peak bone mass should 
occur without interference in order to prevent the possibility of osteopenia, 
osteoporosis and fractures during adulthood[11,12]. The mechanisms of bone loss or 
failure of adequate bone mass gain is not completely understood. However, it is a 
consensus that bone mass acquired during childhood and adolescence is one of the 
major determinants of adult bone health[11,12]. The investigation on bone metabolism 
in pediatric IH is necessary to prevent the potential harmful consequences of this 
metabolic disorder.
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In children with IH, the need for hypocalciuric therapy and its nature and duration 
remains to be determined. At present, anticalciuric therapy in pediatric hypercalciuria 
is not based on strong clinical evidence but more on clinical observation. This 
treatment may be required not only to protect against stone formation but also against 
low bone density.

The initial approach to pediatric IH consists in dietary modification with high fluid 
intake, low sodium and the Recommended Dietary Allowances[13] of protein and 
calcium. However, children do not comply with these recommendations, and 
frequently require anticalciuric therapy. If dietary recommendations fail, pharmaco-
logical therapy should be considered[12,13].

A beneficial effect of citrate formulations [particularly potassium citrate (Kcitrate)] 
on bone mass in adult patients with IH has been shown since the 1990s[14-19]. 
Recently, it has been described that supplementation with alkaline potassium salts 
leads to reduction in urinary calcium excretion and reduction in bone resorption[20]. 
Nevertheless, some authors pointed out that the current evidence is still heterogeneous
[21].

In pediatric patients, Kcitrate has been shown to decrease the recurrence of new 
stones and the growth of residual stone fragments following lithotripsy[22,23]. 
However, until now there is no study confirming the beneficial effect of Kcitrate on 
bone mass in children and adolescents.

Studies in vitro have suggested that thiazides reduce osteoclastic activity[24] and 
stimulate osteoblast differentiation and bone mineral formation[25]. Bolland et al[26] 
demonstrated in 122 postmenopausal women that hydrochlorothiazide produces small 
positive benefits on cortical bone density. LaCroix et al[27] demonstrated in a 
randomized, double-blind, placebo controlled study that low-dose hydroch-
lorothiazide could preserve BMD in older adults. As for Kcitrate, up to now there is no 
study confirming the beneficial effect of thiazides on bone mass in pediatric patients. 
In this sense, the aim of this study was to examine whether pharmacological therapy 
has a beneficial effect on bone mass in children and adolescents with IH.

MATERIALS AND METHODS
Design
This is a retrospective cohort study with 40 children and adolescents diagnosed with 
IH. The study protocol is represented in Figure 1.

Patients and treatment
All 40 pediatric patients were evaluated and regularly followed at the Pediatric 
Nephrology Unit of the Nephrology Center of Santa Casa de Belo Horizonte, Belo 
Horizonte and the Pediatric Nephrology Unit of Clinic Hospital, School of Medicine of 
Federal University of Minas Gerais, in State of Minas Gerais, Brazil, between 1990 and 
November 2018. Inclusion criteria included no previous treatment of IH, no history of 
drug use with possible actions on calcium metabolism during the preceding year 
before diagnosis, diurnal and nocturnal continency, symptomatic (defined as lumbar 
and/or abdominal pain, voiding dysfunction or gross hematuria) and urinary calcium 
excretion ≥ 4 mg/kg per 24 h or an increased calcium/creatinine ratios, according to 
age[28-31]. Exclusion criteria included: Patients older than 18 years of age at initial 
evaluation, patients with chronic immobilization, physically impaired, nephrocal-
cinosis, hypercalcemia, defects of the lumbar spine, history of malignancy, 
hyperuricemia, excessive oral ingestion of calcium or vitamin D, tubular defects, long-
term steroid treatment and concurrent conditions associated with metabolic bone 
disease. Patients were kept on a usual diet, water intake, physical exercise and sun 
exposure. All parents/caregivers were asked in detail about the dietary habits. All 40 
patients had a complete evaluation at 4-mo intervals during the entire follow-up 
period, and all clinical and laboratory data were recorded.

Initial approach was high fluid intake and dietary modifications: Calcium and 
protein according to Recommended Dietary Allowances[13], sodium restriction (2.0-
2.4 g/d) and potassium supplementation (3.0-3.5 g/d) with fruits and vegetables. 
However, none achieved a normal calciuria level. Kcitrate (0.5-1.0 mEq/kg per day) 
was added to the treatment for 2 mo, and the first bone densitometry was done, 
according to the protocol study. If no normalization of calciuria occurred after 2 mo on 
Kcitrate or if signs and symptoms continued (chronic abdominal pain or prolonged 
gross hematuria)[12], a diuretic thiazide (0.5-1.0 mg/kg per day) was added. After 12 
mo on Kcitrate alone or Kcitrate and thiazide treatment, the second bone densitometry 
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Figure 1 Study protocol for children and adolescents with idiopathic hypercalciuria. IH: Idiopathic hypercalciuria.

was done. Patients took Kcitrate or Kcitrate in combination with thiazides for at least 1 
year. Nine patients were treated with Kcitrate alone and were called Group 1 (G1). 
Thirty-one patients were treated with Kcitrate + thiazide and were called Group 2 
(G2).

Bone densitometry
Bone densitometry was performed by dual-energy X-ray absorptiometry (DEXA) 
using a Lunar DPX-IQ 2516 device. The exposure to radiation was 0.96 mrem for the 
lumbar spine.

A 76-KeV X-ray source of energy was used and the accuracy of this test was 0.1%. 
BMD was measured in the lumbar spine between L1-L4 and was also corrected for 
volume of the vertebra, as described by Kröger[32] and Gordon et al[33]. Lumbar spine 
BMD Z scores were calculated in relation to individuals of the same gender and age 
range and corrected for height according to the literature[34,35].

Laboratory and clinical data
Two 24-h urine samples were obtained, followed by a two single fasting urine samples 
(were kept refrigerated). A venous blood sample was drawn after the collection of the 
urine samples. Blood samples were analyzed for creatinine, urea, uric acid, calcium, 
phosphorus, magnesium, chloride, sodium, potassium, pH, bicarbonate, parathyroid 
hormone, alkaline phosphatase, hematocrit and hemoglobin. The 24-h urine samples 
analysis included calcium and creatinine. A complete urinalysis was performed on the 
two single fasting urine samples, and the pH determined. Clinical data included 
patient age, gender, weight, height and body mass index (BMI).

Statistical analysis
Clinical, laboratory and bone densitometry data are expressed as median, minimum 
and maximum values. The normality of data distribution was analyzed using the 
Shapiro-Wilk’s test. In the case of non-normal distributions, non-parametric tests were 
chosen and data represented as medians, first and third quartiles and/or range. The 
following tests were used for comparison between groups: The Mann-Whitney U test 
and T test for unpaired samples when normality conditions were fulfilled and the 
Wilcoxon test when they were not. The statistical analysis was conducted with SPSS 
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ver. 18.0 (SPSS, Chicago, IL, United States). Anthropometric data were analyzed with 
AnthroPlus software[36]. The significance level was set at 5%. The comparison 
between lumbar BMD z-scores before and after treatment were analyzed by the 
Wilcoxon paired test. The statistical review of the study was performed by a biome-
dical statistician.

Ethical aspects
The study was approved by the institutional review board of the Clinics Hospital of 
the Federal University of Minas Gerais, Brazil (ETIC 0479.0.203.000-10, December 01, 
2010) and by the Research Ethics Committee of Santa Casa de Belo Horizonte. It was 
conducted in accordance with the ethical standards laid down in the 1964 Declaration 
of Helsinki. The participants and/or their guardians were adequately informed about 
the study and signed informed consent forms.

RESULTS
Study group characteristics
The group of study contained 40 pediatric patients, of whom 22 (55%) were males and 
18 (45%) were females (1.2:1.0, male/female ratio). The mean age of clinical 
presentation was 10.5 ± 3.5 (3.2-19.6) years. The children and adolescents were 
regularly followed for a median time of 6.0 (range 4.5-8.3) years. All patients had 
normal physical examination, including blood pressure evaluation. Blood levels of 
hematocrit, hemoglobin, bicarbonate, pH, creatinine, urea, phosphorus, calcium, 
parathyroid hormone, alkaline phosphatase, sodium, potassium, magnesium, uric acid 
and chloride were all within the normal range. In the same way, the 24-h urine sample 
was collected properly, and its volume evaluated according to Tiselius[37] and 
Hellerstein et al[38]. No patient showed clinical signs of malnutrition or had protei-
nuria and urinary infection during the sample collection. There were no differences in 
BMI z-score and age between G1 and G2 before and after treatment (Table 1). No 
increase in total cholesterol or low-density lipoprotein-cholesterol as well as no 
hypokalemia nor hypomagnesemia were observed with pharmacologic treat-ment 
(Kcitrate or thiazides).

As already mentioned, the study sample was divided into two groups: G1 
composed of 9 patients treated with Kcitrate alone and G2 composed of 31 patients 
treated with Kcitrate + thiazide. The mean urinary calcium excretion in G1 before and 
after the treatment were 5.12 ± 0.84 and 2.57 ± 0.82 mg/kg per 24 h, respectively (P = 
0.0004). The median urinary calcium excretion in G2 before and after the treatment 
were 5.2 (4.3-7.0) and 2.9 (2.0-4.3) mg/kg per 24 h, respectively (0.001) (Table 2).

BMD
All patients underwent bone densitometry, and all had BMD z-score of the lumbar 
spine (L1-L4) < -1. The interval between BMD measurements was 1 year. BMD z-score 
of the lumbar spine (L1-L4) increased significantly after the treatment in G2 (from -1.7 
to -1.4; P = 0.04; U-Test Mann-Whitney), and there was no improvement in G1 (from -
1.3 to -1.6; P = 0.16; U-Test Mann-Whitney) (Figure 2).

DISCUSSION
The acquisition of bone mass occurs during childhood and adolescence. The maximum 
peak of bone mass is reached at the end of the second decade of life. It is known that 
bone mass acquired during childhood and adolescence is the major determinant of 
adult bone health. Several studies have already demonstrated reduced BMD in 
hypercalciuric pediatric patients[1-6,9,10]. If reduced BMD in childhood can compro-
mise adult peak bone mass, therapeutic strategies to optimize bone mass in pediatric 
IH should be considered. Considering that the chronic loss of calcium in the urine is a 
risk factor for the reduction of BMD and may therefore compromise the final bone 
mass in adulthood, there is a question that is not yet answered: “should pediatric 
idiopathic hypercalciuria be treated with hypocalciuric agents?” This study evaluated 
the BMD of pediatric patients with IH before and after treatment with Kcitrate and 
thiazides in order to examine whether pharmacological therapy has a beneficial effect 
on its bone mass.
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Table 1 Demographic variables in G1 and G2

Age (yr), mean ± SD Gender, M/F BMIz-score before, mean ± SD BMIz-score after, mean ± SD

G1 (n = 9) 9.11 ± 2.57 4/5 -0.74 ± 0.76 -0.80 ± 0.76

G2 (n = 31) 10.09 ± 3.65 18/13 -0.82 ± 2.06 -0.63 ± 1.15

P value NS NS 10.72 10.80

1T test. There were no differences in age, gender, body mass index z-score, and biochemical parameters between G1 and G2. There were no increases in 
total cholesterol and in low-density lipoprotein-cholesterol as well as hypokalemia and hypomagnesemia. BMI: Body mass index; F: Female; M: Male.

Table 2 Biochemical variables in G1 and G2

Calciuria before (mg/kg per 24 h) Calciuria after (mg/kg per 24 h) P value

G1 (n = 9), mean ± SD 5.12 ± 0.84 2.57 ± 0.82 10.0004

G2 (n = 31), median (Min-Max) 5.2 (4.3-7.0) 2.9 (2.0-4.3) 20.001

1T test (normal distribution).
2Wilcoxon test (abnormal distribution). Calciuria was significantly lower after treatment in G1 as well as in G2.

Figure 2 Comparison of the lumbar spine bone mineral density z-score between Group 1 and Group 2 before and after treatment. Test: U-
test Mann-Whitney. BMD: Bone mineral density; HCTZ: Hydrochlorothiazide.

Study group characteristics
The male/female ratio of our patients was 1.2:1.0, and the mean age at onset of clinical 
presentation was 10.5 years, in accordance with other studies[9,39]. As shown in 
Table 1, there were no differences in BMI z-score and age between G1 and G2 before 
and after treatment. It should be noted that BMI must not be different in the two 
groups evaluated (G1 and G2). According to García-Nieto et al[40], there is a 
correlation between the improvements in the BMI and BMD values, indicating that the 
BMI is a decisive factor to increase the BMD. Schwaderer et al[9] found a negative 
correlation between BMD and BMI. However, there are some studies reporting the 
opposite. Both weight gain[41] and exercise[42-45] lead to an increase in BMD. A 
Brazilian study showed that the lean body mass is the main predictor of bone mass at 
the end of adolescence in healthy individuals[43]. Inomoto[44] evaluated the effects of 
physical exercise (moderate exercise activities for 2 h) in Japanese children and 
concluded that the observed increase in BMD was associated with an increase in 
overall muscle quantity. In the same way, Sardinha et al[45] reported that daily 
vigorous physical activity for 25 min a day seems to improve femoral neck bone health 
in children. These recommendations should be given to all children and adolescents.
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Laboratorial data and treatment
No increase in total cholesterol, low-density lipoprotein-cholesterol, hypokalemia and 
hypomagnesemia were observed with thiazide use. It is known that diuretics, 
especially thiazides, have a significant effect on lipid profiles. However, Akhtar et al
[46] in a meta-analysis of randomized controlled trials concluded that further research 
is needed because this conclusion is supported by a low number of studies. Hollifield
[47] showed that the undesirable effects of hypokalemia and hypomagnesemia are 
associated with increasing doses of hydrochlorothiazide. In the present study, the 
thiazide dose was low (0.5-1.0 mg/kg per day), and no changes were seen in chole-
sterol, potassium and magnesium levels.

In the two studied groups (G1 and G2), a significant reduction in urinary calcium 
excretion after treatment with Kcitrate and/or thiazides was observed, in accordance 
with García-Nieto et al[40] and Moreira Guimarães Penido et al[3]. There were no 
differences in biochemical and mineral parameters between G1 and G2 before and 
after treatment, as previously demonstrated[3,40].

BMD
BMD z-score of the lumbar spine (L1-L4) increased significantly after the treatment in 
G2, and there was no improvement in G1 (Figure 2). G1 was treated with Kcitrate 
alone and G2 was treated with Kcitrate and thiazides. Our results continued pointing 
to a beneficial effect of thiazide on BMD z-score in children with IH. However, 
pharmacological treatment of children and adolescents with IH is not yet based on 
strong scientific evidence. Usually, this treatment is initiated in patients who do not 
improve calciuria or maintain signs and symptoms with non-pharmacological 
treatment, which includes modification of dietary habits with high water intake.

In IH adult patients a beneficial effect of Kcitrate on bone mass was observed. Pak et 
al[15] treated their adult patients with Kcitrate and observed that spinal bone density 
increased in most of them. Marangella et al[17] suggested that treatment with an 
alkaline salt, such as potassium citrate, can reduce bone resorption. Vescini et al[18] 
showed that long-term treatment with Kcitrate increases forearm BMD in idiopathic 
calcium stone formers. Recently, Lambert et al[20], based on the role of acid-base 
homeostasis as a determinant of bone health and the contribution of supplemental 
alkali in promoting skeletal integrity, performed a meta-analysis study. The authors 
confirmed that supplementation with alkaline potassium salts determined a significant 
reduction in urinary calcium excretion and reduction in bone resorption. Granchi et al
[21] highlighted the main functions of citrate, focusing especially on its role in the 
pathophysiology of metabolic bone diseases. However, the authors believe that 
current evidence is still very heterogeneous. In a model of hypercalciuria, Krieger et al
[48] demonstrated that Kcitrate significantly raises urine citrate levels and lowers 
urinary calcium. However, the increases in phosphate, oxalate, and pH levels would 
lead to increase calcium oxalate and calcium phosphate supersaturation. The authors 
pointed that Kcitrate may not be beneficial in preventing calcium phosphate stone 
formation because it can induce complex changes in urinary chemical constitution[48].

In pediatric patients, there is no study confirming the beneficial effect of Kcitrate on 
bone mass. The mechanism of the association between the use of Kcitrate and 
interruption of bone mass loss can occur through the reduction of endogenous acid 
production with a consequent decrease in urinary calcium excretion[49]. In a study 
involving dietary load of Kcitrate in prepubescent girls, there was no change in 
urinary calcium excretion, although net acid excretion decreased[50]. In the same way, 
rats also did not decrease urinary calcium excretion after a load of alkaline potassium
[51]. The differences observed in bone metabolism between children and adults (bone 
modeling vs remodeling) may be involved in the difference in calciuric response to 
alkaline potassium in these two groups. Jones et al[49] concluded in a cross-sectional 
study of 330 boys and girls that urinary potassium was associated with BMD 
independently of lean body mass in these well-nourished, calcium-replete children. 
The authors also suggested that these findings should be confirmed in longitudinal 
studies. According to Perez-Suarez et al[8] and others, the indiscriminate use of 
Kcitrate and thiazides indefinitely is not advisable[3,8,52-54]. Pharmacological 
treatment should be reserved in three situations: When there are marked clinical 
complaints as sustained dysuria, frequent macroscopic hematuria, or recurrent renal 
colic; when ultrasonography shows stones or nephrocalcinosis or in case of repeated 
fractures[3,9,52].

The effect of diuretic thiazides on the bone may extend beyond its anticalciuric 
actions and probably is related to the stimulation of osteoblastic bone formation[55]. 
Studies have shown that the mitogenic action of the thiazide diuretic may be partly 
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due to the increased proliferation of osteoblastic cells associated with the inhibition of 
osteoclastic bone resorption due to the reduction in osteoclastic cell differentiation, 
which is mediated by the direct inhibition of hematopoietic precursors[55,56]. Data in 
the literature suggest a protective effect of thiazide diuretic treatment on bone health 
by increasing BMD. In fact, thiazides increase renal calcium reabsorption by inhibiting 
the sodium chloride cotransporter in the distal tubule. This action favors an increase in 
sodium urinary excretion and decrease in urinary calcium excretion[57]. Spivacow et al
[58] evaluated retrospectively BMD and biochemical markers of bone turnover in 
response to thiazide therapy in 52 adult female patients with IH and nephrolithiasis 
(25 were pre-menopausal G1, and 27 were postmenopausal G2). The authors 
concluded that correction of hypercalciuria with long term treatment with low-dose 
hydrochlorothiazide/amiloride prevented bone loss. Patients with osteoporosis had a 
significant increase in BMD at the lumbar spine[58]. A systematic review and meta-
analysis evaluated the effectiveness of thiazides on serum and urinary calcium levels 
and BMD in adult patients with osteoporosis. The authors concluded that thiazides 
might play a role in preserving bone mass and be effective in the prevention and treat-
ment of osteoporosis[59]. Recently, van der Burgh et al[60] in a cross-sectional analysis 
of the Rotterdam Study concluded that the decrease in fracture risk in patients who 
used thiazide diuretics is explained by the increase in bone mass and not by the 
improvement in bone microarchitecture[60]. The Rotterdam Study is an ongoing 
prospective population-based cohort study with Dutch citizens and was designed to 
investigate chronic diseases in the elderly.

The administration of thiazides is considered to be an appropriate treatment for 
hypercalciuria in adult patients with IH, however, only a few published articles have 
reported on children with IH treated with thiazides. According to García-Nieto et al
[40], these studies have been cross-sectional and were controversial in relation to the 
used technology to measured bone mass. Although there is evidence showing the 
ability of thiazide to control calciuria, little is known on its impact on BMD, especially 
in children.

Reusz et al[61] showed in their 18 pediatric patients with IH a positive effect of 
thiazides on BMD and an important reduction in urinary calcium excretion. 
Schwaderer et al[9] recommended the pharmacological treatment (Kcitrate and/or 
thiazide) if a decreased in BMD is observed, even if modifications in life habits have 
improved the clinical presentation of the metabolic change. Srivastava and Schwaderer
[12] believe that the use of drug therapy should be reserved for children with 
symptomatic IH and/or rare monogenic disorders. Moreira Guimarães Penido et al[3] 
showed that the BMD of the lumbar spine (L1-L4) and its respective z-scores increased 
significantly after treatment with Kcitrate or Kcitrate and thiazides. The authors 
suggested a possible beneficial effect of this treatment on bone mass and pointed out 
that a normal calciuria with a persistent positive calcium balance could impact and 
contribute to an ideal peak in bone mass and/or an adequate bone mass acquisition 
over the years. García-Nieto et al[40] studied 22 children with IH and bone mass 
reduction who had received thiazides for 2.4 years and compared them with a group 
of 32 IH children also with bone mass reduction, who had not received thiazide 
treatment. The authors concluded that thiazide treatment does not improve the BMD z
-score in children with IH. They also concluded that more than half of the hypercal-
ciuric children showed a spontaneous improvement in their bone mass, suggesting 
that there is a tendency for the spontaneous improvement of BMD, which is associated 
with increased body mass[40]. The same Spanish group (2020) evaluate BMD 
evolution in 34 IH patients through three bone densitometry studies during over 20 
years. They concluded that improved BMD may be related to female sex, increment of 
body mass, and reduction in bone resorption. No relationship with the use of thiazide 
diuretics was mentioned by the authors[8].

The weaknesses of our study were the fact of being retrospective, the small number 
of patients, especially in the K-citrate only group, the lack of long-term follow-up, and 
the fact that the thiazide treated patients received also K-citrate, which may have 
protected from hypokalemia and hypomagnesemia. Further prospective longitudinal 
studies with two subgroups of symptomatic hypercalciuric children (thiazides group 
vs no treatment group) are necessary.

CONCLUSION
BMD should be considered in the management of pediatric patients with IH. The 
diagnosis and prevention of bone mass reduction should be detected in these patients 
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because they are considered to be at risk of reduced bone mass. Low BMD with 
subsequent osteopenia, osteoporosis, and increased fracture risk can have a consid-
erable impact on the health system and in patient quality of life.

Some authors believe that hypercalciuria is not a disease but the physiology of 
people who occupy one extreme of a continuous spectrum of urine calcium excretion 
rates[52]. However, if this spectrum of high calcium excretion can cause harmful 
consequences and diseases in adulthood, it could be considered as a disease in 
pediatric patients. In fact, in most cases, it is simply a benign metabolic abnormality 
and as such should be conducted. However, it is known that reduced BMD is reported 
in pediatric hypercalciuria and can impact the health of adult bone.

Studies with IH pediatric patients indicated that citrate or thiazide diuretic 
treatment may improve BMD[3,61]. However, the treatment with these medications 
has very well-defined indications for use. As aforementioned, the initial approach of 
IH consists of dietary modifications and high fluid intake. In case of no normalization 
of calcium excretion with the dietary modifications and high fluid intake, hypocal-
ciuric agents are considered. The first line of hypocalciuric agents is Kcitrate. Thiazide 
should be initiated combined with potassium citrate only if there is low BMD and/or 
fractures, and no improvement of calciuria levels and symptoms was obtained[3,4,6,
12,13]. Controlled studies in the future will be able to define if children and adole-
scents with IH should or should not be treated.

In conclusion, we continue to speculate if thiazide has a role in bone mass and if 
steady positive calcium balance could impact on the achievement of optimal peak 
bone mass. However, we do believe that prospective randomized controlled studies 
are the key to test the effectiveness of pharmacological therapy in children with IH and 
if it prevents impairment of bone mass in adulthood.

ARTICLE HIGHLIGHTS
Research background
Idiopathic hypercalciuria (IH) is the leading metabolic risk factor for pediatric 
urolithiasis. The reduction in bone mass has already been described in hypercalciuric 
children. Life-long hypercalciuria might be considered a risk to change bone structure 
and determine low bone mass throughout life. A beneficial effect of citrate formu-
lations and thiazides on bone mass in adult and pediatric patients with IH have been 
shown.

Research motivation
Considering that HI can cause a reduction in mineral bone density in children and 
adolescents and lead to osteopenia, osteoporosis, and an increased risk of fractures in 
adulthood, it would be important to know how to diagnose and treat this metabolic 
disorder.

Research objectives
Evaluated whether pharmacological therapy has a beneficial effect on bone mass in 
children and adolescents with IH.

Research methods
This is a retrospective cohort study that evaluated hypercalciuric children non-
responsive to lifestyle and diet changes. They were treated with potassium Kcitrate or 
with Kcitrate combined to thiazides. Before and after treatment they underwent bone 
densitometry.

Research results
Forty IH children, median age 10.5 years and median time follow-up 6.0 years, were 
evaluated. Nine patients were treated with Kcitrate (G1) and 31 with Kcitrate + 
thiazide (G2). Calciuria decreased in both groups after treatment. Lumbar spine bone 
mineral density z-score increased after thiazide treatment in G2. There was no improve
-ment in G1.

Research conclusions
Results point to a beneficial effect of thiazide on lumbar spine bone mineral density z-
score in children with IH.
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Research perspectives
Future perspectives are to understand better the pathogenesis of HI in order to treat 
children and adolescents, preventing bone mass reduction.
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