
ABSTRACT 

Urolithiasis is a condition characterized by crystallization of normal or abnormal urine 

constituents which lead to stone formation  within urinary tract. In the last few decades,  

both in adults and children continuous increase in the incidence of urolithiasis  has been 

observed.  Etiopathogenesis of urolithiasis is complex and not completely understood. In 

adults, epidemiological studies drew attention to increasingly frequent coexistence of 

urolithiasis and obesity. Identification of numerous risk factors for urolithiasis in individuals 

with excessive actual body mass could explain this phenomenon  These risk factors, as other 

complications of obesity,  seem to be related to insulin-resistance which cause prolithogenic 

properties of urine. In children and adolescents, data regarding this problem are scarce and 

contradictory. In contrast to initial studies which commonly confirm observations made in 

adults, the results of recent research are not so conclusive.  This is the main reason for 

conducting this study. Another one is the fact that Lublin macro-region is an area of endemic 

occurrence of urolithiasis in pediatric population.    

Purposes of the study  

1.  Analysis of methodology of adequate evaluation of urinary excretion of crystallization 

promotors and inhibitors in children with excessive actual body mass. 

2. Identification of potential risk factors for urolithiasis in children with overweight and 

obesity and analysis of causative relationship between identified potential risk factors for 

urolithiasis and excessive actual body mass.  

3. An attempt to answer the questions if excessive actual body mass in children is 

a significant risk factor for urolithiasis and if epidemic of obesity in children may increase the 

incidence of urolithiasis in this age group. 

Patients and methods 

The study comprised 120 children (64 boys and 56 girls) with overweight or obesity 

aged from 4,3 to 17,9 years (median 13,3 years) hospitalized due to excessive actual body 

mass, arterial hypertension or urolithiasis in the Department of Pediatric Nephrology and in 

the Department of Pediatric Endocrinology and Diabetology with Endocrine-Metabolic 



Laboratory, University Children’s Hospital in Lublin. The patients were  divided into two 

groups: group I- those without urolithiasis (97 children) and group II– those with 

concomitant urolithiasis (23 children).  The control group comprised  82 children (47 boys 

and 35 girls) with normal body mass index (BMI) aged from 3,4 to 17,9 years (median 13,9 

years) hospitalized due to daily voiding disturbances or uncharacteristic abdominal pain in 

the Department of Pediatric Nephrology, University Children’s Hospital in Lublin. In children 

from control group, organic reasons for these symptoms were excluded on the basis of 

laboratory and imaging studies. The study was preceded by obtaining written consent of 

parent/guardian and patients over 16 years of age. The study was approved by Bioethical 

Commission of Medical University in Lublin (KE – 0254/14/2015). 

All patients underwent physical examination with anthropometric evaluation and 

their BMI, body surface area (BSA) and ideal body mass (IBW) were calculated.  Overweight 

and obesity were defined as BMI ≥90 centile and BMI ≥97 centile for patient’s gender and 

age, respectively.   

The diagnosis of urolithiasis was made on the basis of ultrasound study and in some 

patients abdominal plain radiography was additionally performed.    

In each patient, 24-hour urine samples was collected and urinary pH, specific gravity 

and concentrations of calcium, oxalate, phosphate, uric acid, citrate, magnesium, sodium, 

potassium, chloride and creatinine were measured. To assess 24-hour urinary analytes 

excretions they were expressed in relation to actual body mass (kg), standard BSA (1,73m2) 

and IBW (kg). The results were compared to reference values for general population. 

Selected crystallization risk indices were calculated from analytes obtained in 24-h urine: 

calcium-to-magnesium (Ca/Mg) ratio, calcium-to-citrate (Ca/Cit) ratio, calcium x oxalate-to- 

magnesium x citrate (CaOx / MgCit) ratio and standardized CaOx activity product (APCaOx stand) 

index.  Relative urinary supersaturations with CaOx (RS CaOx), apatite  (RS apatite), brushite (RS 

brushite) and uric acid (RS uric acid) were determined by the computer program EQUIL 2.  

In all patients, serum level of creatinine, urea, uric acid, glucose, cholesterol (total, 

LDL-cholesterol and HDL-cholesterol), triglycerides (TG) and electrolytes including sodium, 

potassium, calcium, magnesium, phosphate and chloride were measured. In addition, serum 

level of native parathormone, alkaline phosphatase and vitamin D3 metabolites that is 25-



hydroxycholecalciferol  (25-OHD3), 1,25-dihydroxycholecalciferol (1,25-diOHD3) and 

gasometry (pH and HCO3
- level) were assessed.  In each patient, estimated glomerular 

filtration rate ( eGFR ) was calculated using Schwartz formula: 0.55 x body height (cm) / 

serum creatinine level (mg/dl). Statistical analysis was made by the computer program 

STATISTICA 7 (StatSoft Polska). 

Results  

Median serum uric acid, magnesium, total cholesterol, LDL-cholesterol and TG levels 

were significantly higher and sodium, chloride, HDL-cholesterol and 25-OHD3- lower in group 

I than those in controls.  Group I, group II and controls did not significantly differ from each 

other in median serum pH and median serum HCO3 level. Similarly, group I, group II and 

controls did not significantly differ from each other in median urea, glucose, potassium, 

calcium, phosphate, PTH, 1,25-diOHD3 levels and median eGFR.  In group I, group II and 

controls values of eGFR were normal.  

In group I and controls, positive significant correlations between BMI and serum 

levels of uric acid (rS=,401; p<0,001), magnesium (rS=,244; p<0,01), total cholesterol 

(rS=,254; p<0,01), LDL-cholesterol (rS=,244; p<0,01) and TG (rS=,348; p<0,001) were found. 

In these groups BMI had significant negative correlations with serum levels of HDL-

cholesterol (rS=-,318; p<0,001) and 25-OHD3 (rS=,254; p<0,01). No significant correlations 

were found between BMI and the remaining serum analytes.    

In group II, median 24-hour urine volume was significantly higher than that in 

controls (1350 ml vs 900 ml, p<0,05).  Group I, group II and controls did not significantly 

differ from each other in urinary pH and specific gravity. In group I and controls, significant 

negative correlation between BMI and urinary pH (rS=-, 181; p<0,05) was found. In these 

groups, significant correlations between BMI and 24-hour urine volume and between BMI 

and urine specific gravity were not observed.  

In studied patients with excessive actual body mass, evaluation of  metabolic risk 

factors for urolithiasis on the basis of 24-hour urinary excretion of crystallization promoters 

and inhibitors  in relation to actual body mass was found to be inadequate (highly significant 

negative correlation with BMI). In the study, diagnosis of hypercalciuria and hypomagnesuria 



was made on the basis of 24-hour urinary calcium and magnesium excretions in relation to 

IBW and diagnosis of hyperoxaluria, hyperuricosuria and hypocitraturia was made on the 

basis of 24-hour urinary oxalate, uric acid and citrate excretions in relation to standard BSA. 

Using these criteria, significantly higher percentages of hypercalciuria and hyperoxaluria 

were observed in group II in comparison to group I and controls  [21,7% vs 4,1% (n=4) and 

2,4% (n=2) and 17,4% (n= 4) vs 1% (n=1) and 8,5% (n=7), respectively]. In addition, 

significantly higher percentages of hyperuricosuria and hypocitraturia were found in group I 

as compared to controls [14,4% (n= 14) vs 2,4% (n= 2) and 25,8% (n= 25) vs 8,5% (n=7), 

respectively]. The percentages of hypomagnesuria in group I, group II and controls were 

similar [33% (n= 32), 30,4% (n= 7) and 35,4% (n= 29), respectively].  

The study was demonstrated that in children with excessive actual body mass, in 

order to objective evaluation of 24-hour urinary excretion of crystallization  promoters and 

inhibitors it is necessary to express them in relation to IBW.  Taking this into account, group 

II was characterized by significantly higher median urinary calcium and oxalate excretions as 

compared to group I and controls [2,3 vs 1,66 and 1,67 mg/kg of IBW (p<0,01) and 0,76 vs 

0,48 and 0,43 mg/kg of IBW (p<0,01, p<0,001, respectively)]. In addition, in group II median 

urinary uric acid excretion was significantly higher than that in controls [9,97 vs 7,14 mg/kg 

of IBW (p<0,001)]. Similarly, significantly higher median urinary uric acid excretion was 

observed in group I in comparison to controls [9,53 vs 7,14 mg/kg of IBW (p<0,001)]. 

Differences in median 24-hour urinary phosphate, citrate and magnesium excretions 

between group I and group II and were discovered to be insignificant. Group I, group II and 

controls did not significantly differ from each other in median 24-hour urinary phosphate, 

citrate and magnesium excretions.  

Median Ca/Mg and Ca/Cit ratios were significantly higher in group II as compared to 

group I. In addition, group II was characterized by significantly higher median CaOx / MgCit 

ratio than those in group I and controls. Group I, group II and controls did not significantly 

differ from each other in  median APCaOx stand index, median RS CaOx, RS apatite, RS brushite, and 

RS uric acid.  

 

 



Conclusions 

1. In children with excessive actual body mass, in order to objective evaluation of 24-hour 

urinary excretion of crystallization  promoters and inhibitors it is necessary to express them 

in relation to IBW.  Expression of 24-hour urinary excretion of crystallization  promoters and 

inhibitors  in relation to actual body mass and to a less extent to standard BSA may lead to 

their underestimation. In other words, their comparison to reference values for general 

population may lead to false conclusions.   

2. In children with excessive actual body mass, low urine pH and elevated urinary uric acid 

excretion probably related to insulin-resistance are likely to be specific risk factors for 

urolithiasis. It is not clear if these abnormalities, similarly as in adults,  increase the incidence 

of uric acid urolithiasis in children.  

3. In children with excessive actual body mass and concomitant urolithiasis, similarly as in 

general population, risk factors for calcium oxalate stone formation i.e. hypercalciuria, 

hyperoxaluria and elevated calcium oxalate crystallization risk were most commonly found. 

Since these abnormalities do not correlate with BMI, the risk for calcium oxalate urolithiasis 

development in children with excessive actual body mass seems to be the same as in general 

population. In other words, there is no significant influence of excessive actual body mass 

epidemic on an increase in the incidence of urolithiasis in children and adolescents. 

 

 


