
 ABSTRACT 

 

Epidemiological data indicate that primary hypertension (PH) is a risk factor for the 

development of urolithiasis in adults. This is explained by the promoting influence of some 

etiopathogenetic factors of PH on the processes of lithogenesis. Data on the relationship 

between PH and urolithiasis in the pediatric population are very sparse, and the 

conclusions drawn from them are inconclusive. 

The aim of the study 

The aim of this study was to verify the hypothesis of the influence of PH on the increase of 

metabolic risk of developing urolithiasis in children. In particular, a number of factors 

potentially related to the pathomechanism of urolithiasis have been analyzed in pediatric 

patients with PH, including: 

• selected blood biochemical parameters in relation to sex and age 

• selected physicochemical properties of urine, including the daily volume by sex and age 

• the amount of daily urinary excretion of selected crystallization promoters and inhibitors 

in relation to sex and age 

• selected indicators of the risk of crystallization in urine in relation to sex and age 

• the prevalence of selected metabolic risk factors for urolithiasis by gender and age 

• relationship between systolic blood pressure, diastolic blood pressure and mean arterial 

pressure and the daily urinary excretion of the analyzed crystallization promoters and 

inhibitors as well as the values of urine crystallization risk indicators 

Patients and methods 

The study included 80 children aged 4,1 to 17,6 (median 14,2 years), patients of the 

Department of Pediatric Nephrology, Medical University of Lublin, diagnosed with PH. 

They were characterized by a normal body mass index (BMI), normal kidney function, 

normal urinalysis, negative history of urolithiasis, and no deposits in the urinary tract in 

the current ultrasound examination (USG). Children who had already started 

pharmacological treatment of hypertension were not included in the study group. The 

analyzed parameters were assessed in the entire study group and, with the exception of 

correlations, also in subgroups with regard to sex and age, i.e. <13 and ≥ 13 years of age. 

The control group consisted of 50 children aged 3,4 to 17,9 years (median 12,8 years) 

hospitalized in the Department of Pediatric Nephrology, Medical University of Lublin as 

part of the diagnosis of non-specific pain in the abdomen or lumbar region, in whom 



laboratory and imaging tests excluded organic background of observed symptoms, 

including urolithiasis. All children in the control group had normal BMI, normal kidney 

function and normal blood pressure. 

All children from the study and control groups underwent gasometry and the levels of 

sodium, potassium, calcium, magnesium, phosphate, chloride, native parathyroid 

hormone (PTH), alkaline phosphatase, calcifediol, uric acid, urea and creatinine in blood 

serum were determined. Based on serum creatinine concentration, estimated glomerular 

filtration rate (eGFR) was calculated. 

24-hour urine collection was performed in all children from the study and control groups 

to assess urine pH, its specific gravity and daily volume, as well as the daily excretion of 

the analyzed promoters (calcium, oxalate, uric acid, sodium) and crystallization inhibitors 

(citrate, magnesium). Selected indicators of crystallization risk were also calculated, such 

as calcium-magnesium index (Ca/Mg), calcium-citrate index (Ca/Cit), crystallization 

formula calcium x oxalates/magnesium x citrates (CaOx/MgCit), standard calcium 

oxalate activity index (APCaOx) ) and the relative supersaturation of urine with calcium 

oxalate (RSCaOx) and uric acid (RSUA). 

In the study and control group, the frequency of selected metabolic risk factors for 

urolithiasis, including hypercalciuria, hyperoxaluria, hyperuricosuria, hypocytraturia and 

hypomagnesuria, was determined. 

All children in the study group were diagnosed with hypertension on the basis of the 

ambulatory blood pressure monitoring (ABPM) result. From among the obtained 

parameters, the values of the systolic blood pressure (SBP), the diastolic blood pressure 

(DBP) and the mean arterial pressure (MAP) were used for the purposes of the analyses. 

Arterial hypertension was diagnosed when the SBP and/ or DBP value was at least the 

95th percentile for the age, sex and height of the examined person, and their load 

exceeded 25%. 

In all children from the control group, in order to exclude hypertension, blood pressure 

was measured three times on three different days using the traditional 

sphygmomanometric method. Hypertension was excluded when the systolic and diastolic 

blood pressure in all three measurements did not exceed the 90th percentile for age, sex, 

and body height. 

In the study group, the relationship between systolic blood pressure, diastolic blood 

pressure and mean arterial pressure and the daily urinary excretion of the analyzed 



crystallization promoters and inhibitors as well as the values of urinary crystallization 

risk indices was assessed. 

The statistical analysis of the obtained results was performed with the use of the Statistica 

version 7.1 computer software. 

Results 

Compared to the Controls, children with PH had significantly higher levels of uric acid 

and PTH (5,15 mg/dl vs 4,60 mg/dl; p<0,05 and 37,45 pg/ml vs 33,55 pg/ml; p<0,05, 

respectively). 

Boys with PH showed significantly higher levels of uric acid compared to girls with PH 

(5,50 mg/dl vs 5,20 mg/dl; p<0,01). Moreover, boys with PH, compared to boys in the 

control group, showed a significantly higher level of uric acid (5,50 mg/dl vs 4,50 mg/dl; 

p<0,01). On the other hand, the level of calcifediol was significantly lower in boys with 

PH than in boys from the control group (16,31 ng/ml vs 23,00 ng/ml; p <0,01). Girls with 

PH, compared to girls from the control group, showed a significantly higher level of uric 

acid (5,20 mg/dl vs 4,70 mg/dl; p <0,05). 

Children with PH ≥13 years of age characterized by a significantly higher uric acid level 

than children with PH <13 years of age (5,60 mg/dl vs 4,80 mg/dl; p<0,001). In children 

with PH ≥13 years of age a significantly lower level of PTH was also observed than in 

children with PH <13 years of age (37,0 pg/ml vs 38,20 pg/ml; p<0,05). Children with 

PH <13 years of age compared to Control <13 years of age were characterized by 

significantly higher levels of uric acid (4,80 mg/dl vs 4,20 mg/dl; p<0,05). In children 

with PH ≥ 13 years of age uric acid and PTH levels were significantly higher than in 

Controls ≥13 years of age (5,60 mg/dl vs 5,10 mg/dl; p<0,05 and 37,00 pg/ml vs 32,40 

pg/ml; p <0,05, respectively). 

Significantly lower urine pH values were found in children with PH compared to the 

Control (6,0 vs 6,5; p<0,001). Moreover, children with PH compared to Controls had                

a significantly higher daily excretion of calcium, oxalate and uric acid in the urine (2,08 

mg/kg vs 1,55 mg/kg; p<0,001, 0,28 mmol/1,73m
2
 vs 0,20 mmol/1,73m

2
; p<0,001 and 

427,30 mg/kg vs 279,01 mg/kg; p<0,001, respectively). Moreover, significantly lower 

daily excretion of urinary citrate was observed in children with PH compared to Controls 

(1,60 mmol/1,73m
2
 vs 2,09 mmol/1,73m

2
; p<0,05). 

In boys with PH, the daily excretion of urinary citrates was significantly lower than in 

girls with PH (1,55 mmol/1,73m
2
 vs 2,08 mmol/1,73m

2
; p<0,05). Significantly lower 

urine pH values were found in boys with PH compared to boys from the control group              



(6,0 vs 6,5; p<0,001). The daily urinary excretion of calcium, oxalate and uric acid was 

significantly higher in boys with PH than in boys from the control group (1,89 mg/kg vs 

1,46 mg/kg; p<0,001, 0,26 mmol/1,73m
2
 vs 0,21 mmol/1,73 m

2
; p<0,01 and 488,16 

mg/1,73m
2
 vs 241,66 mg/1,73m

2
; p<0,001, respectively). Moreover, boys with PH, 

compared to boys from the control group, had a significantly lower daily excretion of 

urinary citrate (1,55 mmol/1,73m
2
 vs 1,93 mmol/1,73m

2
; p<0,05). Significantly lower 

urine pH values were found in girls with PH compared to girls from the control group               

(6,0 vs 6,5; p<0,01). The daily urinary excretion of calcium and oxalate was significantly 

higher in girls with PH than in girls from the control group (2,24 mg/kg vs 1,76 mg/kg; 

p<0,01 and 0,29 mmol/1,73m
2
 vs 0,18 mmol/1,73m

2
; p<0,01, respectively). 

Daily urine volume was significantly higher in children with PH ≥13 years of age than in 

children with PH <13 years of age (1400,0 vs 800,0; p<0,01). The daily urinary excretion 

of oxalate and magnesium was significantly higher in children with PH <13 years of age 

than in children with PH ≥13 years of age (0,36 mmol/1,73m
2
 vs 0,25 mmol/1,73m

2
; 

p<0,01 and 1,87 mg/kg vs 1,20 mg/kg; p< 0,01, respectively). The daily urinary excretion 

of uric acid was significantly lower in children with PH <13 years of age than in children 

with PH ≥13 years of age (223,83 mg/1,73m
2
 vs 569,89 mg/1,73m

2
; p<0,001). 

Significantly lower urine pH values were found in children <13 years of age with PH 

compared to Control <13 years of age (6,0 vs 6,5; p<0,001). The daily urinary excretion 

of calcium and oxalate was significantly higher in children <13 years of age with PH than 

in Controls <13 years of age (2,16 mg/kg vs 1,42 mg/kg; p<0,01 and 0,36 mmol/1,73m
2
 

vs 0,21 mmol/1,73m
2
; p<0,01, respectively). Significantly lower urine pH values were 

found in children ≥13 years of age with PH compared to the Control ≥13 years of age 

(6,0 vs 6,5; p<0,001). The daily urinary excretion of calcium, oxalate and uric acid was 

significantly higher in children ≥13 years of age with PH than with Control ≥13 years of 

age (2,05 mg/kg vs 1,63 mg/kg; p<0,01, 0,25 mmol/1,73m
2
 vs 0,18 mmol/1,73m

2
; p<0,05 

and 569,89 mg/1,73m
2
 vs 373,02 mg/1,73m

2
; p<0,001, respectively). 

The values of the Ca/Cit ratio, CaOx/MgCit and APCaOx formulas were significantly 

higher in girls with PH than in girls from the control group (1,50 vs 1,07; p<0,001, 0,10 

vs 0,06; p<0,001 and 0,47 vs 0,24; p<0,05, respectively). 

In children with PH <13 years of age values of Ca/Mg index, Ca/Cit index, CaOx/MgCit 

formulas and APCaOx were significantly higher than in the Control <13 years of age (0,62 

vs 0,45; p<0,01, 1,42 vs 0,75; p<0,01, 0,12 vs 0,05; p<0,001 and 0,71 vs 0,21; p<0,01, 

respectively). In children with PH ≥13 years of age values of Ca/Mg index, Ca/Cit index 



and CaOx/MgCit formula were significantly higher than in Control ≥13 years of age, 

(0,84 vs 0,69; p<0,05, 1,87 vs 1,07; p<0,001 and 0,13 vs 0,06; p<0,001, respectively). 

Hyperuricosuria was observed significantly more often in children with PH than in 

Controls (15,0% vs 2,0%; p<0,05). Also hypocytraturia and hypomagnesuria were 

significantly more frequent in children with PH than in the Controls (26,3% vs 4.0%; 

p<0,01 and 41,3% vs 24,0%; p<0,05, respectively). 

Hyperuricosuria was observed significantly more often in boys with PH than in boys 

from the control group (19,1% vs 0,00%; p<0,05). Hypocytraturia and hypomagnesuria 

were also significantly more frequent in boys with PH than in boys of the control group 

(25,3% vs 3,7%; p<0,05 and 42,6% vs 18,5%; p<0,05, respectively) . 

Hyperuricosuria and hypomagnesuria were observed significantly more often in children 

with PH ≥13 years of age than in children with PH <13 years of age (22,6% vs 0,0%; 

p<0,05 and 50,9% vs 22,2%; p<0,05, respectively). Hypocytraturia was observed 

significantly more often in children with PH <13 years of age than in Control <13 years 

of age (22,2% vs 0,0%; p<0,05). 

A statistically significant negative correlation was found between SBP and the daily 

urinary citrate excretion (rS -0,22; p<0,05). In children with PH, no correlation was 

observed between DBP and the daily urinary excretion of the analyzed promoters and 

inhibitors of crystallization. There were also no statistically significant correlations 

between SBP and DBP and the studied indicators of the risk of crystallization in urine. 

In children with PH, no statistically significant correlation was found between MAP and 

the daily urinary excretion of the studied promoters and inhibitors of crystallization. 

There were also no statistically significant correlations between MAP and the 

investigated indicators of the risk of crystallization in urine. 

 

Conclusions   

1. Children with PH, compared to healthy children, are characterized by significantly 

higher urinary excretion of promoters (calcium, oxalates and uric acid) and reduced 

excretion of crystallization inhibitors (citrates) with a significantly lower urine pH. In this 

group, significantly higher calcium excretion concerns especially children <13 years of 

age, and uric acid- older children. This phenomenon increases the risk of crystallization 

of calcium oxalate and appears to be gender independent. 



2. Among the metabolic risk factors for urolithiasis, the occurrence of hyperuricosuria, 

hypocitraturia and hypomagnesuria is significantly more frequent in children with PH. 

3. Although urinary citrate excretion in children with PH correlates negatively with mean 

diurnal systolic blood pressure values, the exact pathomechanoism of procamic disorders 

in children with PH remains unknown and its explanation requires further research. 

4. In view of the increased risk of developing urolithiasis, pediatric patients with PH 

should be subject to the principles of anti-stone prophylaxis (a healthy diet and copious 

supply of fluids) and should be periodically monitored by ultrasound examination of the 

urinary tract. 

 


