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SUMMARY

In the seventies of the last century the term hyperuricosuric calcium oxalate (CaOx) urolithiasis has been coined.
Allopurinol significantly decreased the recurrence in CaOx stone formers. Nevertheless, the role of hyperuricosuria has
been questioned. Other mechanisms could have decreased the risk for recurrence. The underlying mechanisms are not
clear. All these studies have been performed with only a limited number of patients. We studied n=2,480 consecutive
patients with CaOx stones. For stone analysis, x-ray diffraction was used. The following parameters were examined in all
patients: age, sex, body mass index (BMI), arterial blood pressure, stone episodes, diabetes mellitus; blood: creatinine,
glucose, uric acid, calcium, sodium and potassium; urine: pH, volume, calcium, uric acid, citrate, ammonia and urea.
According to the uric acid excretion (UAE), patients were divided into two groups: 1. UAE >4 mmol/d (hyperuricosuria),
2. UAE <4 mmol/d (normouricosuria). We observed significant correlations between UAE and sex, age, BMI, blood
pressure, serum values of creatinine, sodium, urine volume, urine levels of calcium, citrate, urea and ammonia as well as
serum calcium. No significant correlations were seen to the stone frequency (number of stone episodes), serum potassium
and urine pH. In group 1 (n=741), there were 87.2% male and 12.8% female patients; in group 2 (n=1,739), the ratio was
60.6:39.4%. In the hyperuricosuric group, there were significantly more males than in the normouricosuric collective.
Hyperuricosuric subjects had a higher BMI, higher blood levels of uric acid and glucose, a higher diuresis, a higher
excretion of calcium, urea and ammonium, but a lower excretion of citrate than normouricosuric patients. All the other
parameters did not show any significant differences. Especially the number of stone episodes was not different. We
concluded that hyperuricosuria went along with many other risk factors for CaOx stone formation, but was not associated
with an increased risk for recurrence. Therefore, UAE is not a prognostic marker in CaOx urolithiasis. It is unlikely that
hyperuricosuria is a real risk factor for CaOx stone formation and hyperuricosuric CaOx urolithiasis is an own entity.

PED®EPAT

Yu € rinepypuxo3ypis puzuk ¢axkrTopoM (popMyBaHHSI KAJIbLi€BO-0KcaTaTHUX KoHKpeMeHTIB? IITpomaiiep B.JI.,
Bpyoeans-Tenuep b. TepMmin «rimepypuko3yprudHa KajibIi€BO-OKCaJaTHA CEYOKaM sHa XBOpoOa» Oyio CTBOPEHO Y
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CIMIECSTHX pOKax MHHYJIOro cropiuds. Teparrisi anormypiHOJIOM CYTTEBO 3HM3MJIA 4acTOTy peunauBiB. Takox € iHmi
MEXaHi3MH JJIsI 3HIKEHHSI YaCTOTH PEUINBIB. AJie Il MEXaHi3MH He OCTaTOYHO BUBUEHI. Y Ci I IOCIIKEHHS IPOBOAMINCE
JviIe 3 00MEXEHOI0 KUIBKICTIO mamieHTiB. byno BuB4eHo nani 2480 mariieHTiB 3 KaJIbIi€BO-OKCAIATHOIO CEYOKaM ‘SIHOIO
XBOpoOOr0. AHai3 KaMeHIB TIPOBOJIMBCS 32 METOIOM PEHTIeHiBChKOi audypakmii. bymo BpaxoBaHO HAcTyIHI mapamMeTpu
TMIAIIIE€HTIB: BiK, CTaTh, IHAEKC MACH TiJla, apTepiabHUI THUCK, KUTBKICTh €Mi30iB XBOPOOH, HAsIBHICTH IyKPOBOTO Jia0eTy,
aHaJi3 KpoBi (KpeaTHHiH, TIIFOKO3a, CeYOBa KHCIOTa, Kalliii, HATpil, KaibIlii), aHami3 cedi (pH, 00°‘eM, kabIliii, cedoBa
KHCJIOTa, aMMOHIN Ta ce4oBHHA). [lamieHTiB Oyno po3milieHO Ha ABiI TPyNH 3a piBHEM BHIUICHHSA CEYOBOI KUCIOTH: I.
lnepypuko3ypist (>4 mmouns/n), 2. Hopmoypukosypis (<4 mmoiib/). Mu croctepirany neBHI Kopelsiiii MK piBHEM
BUIJICHHS C€YOBOI KHUCJIOTH Ta CTATTIO, BIKOM, 1HIEKCOM MAacCH TiJia, apTepialbHIM THCKOM, PIBHAMH KPEaTHHIHY, KaJIbIIiI0
Ta HATPIIO y KPOBi, 00°€MOM ceui, pIBHSMH KaJIbLiI0, IUTPATY, aMOHIaKy. 3HAYHMX KOPEJIALIH MiXk piBHAME Kaitito, pH ceui
Ta YacTOTOK €MNi30liB XBOPOOW He criocTepiranock. Y mepuiid rpymi (n=741) Oyino 87,2% uonosikiB Ta 12,8% KiHOK,
CHIBBIIHOIIEHHS Y Apyriit rpymni (n=1739) 6yno 60,6% no 39,4%. VY rinepypuko3ypuuHiii rpymi Oysio 3HAuHO Oinblie
YOJIOBIKIB, aHDK Yy HOpMOYypuKo3ypuuHii. [lamieHTH 3 rinepypuKo3ypiero Many BUIIMH iHAEKC MacH Tijla, MiIBUILIEHUN
apTepiaJIbHUIM THCK, MiJBHILEHI PiBHI CEYOBOI KMCIOTH Ta TJIFOKO3M, OUTHIIMI Jiype3, MiBUILIEHE BUJIUICHHS KaJIBIIiIO,
CEYOBHMHH Ta aMOHIIO y cedi. Y HOPMOYKPHUKO3YPHUIHHUX MAIliEHTIB CHOCTEPIrajioch 3HMKEHE BUALTIEHHS uTpary. CyTTeBUX
PI3HHIG B IHIIUX IapaMeTpax He CHOCTEPirajJoch, OCOOIMBO II€ CTOCYETHCSA KUTBKOCTI emi3oiB xBopoOwm. Hamm Oyio
3pO0JICHO BHCHOBOK, IO TiMEPYPUKO3YPis CYIPOBOKYEThCA OaraThMa iHIMMMHU (DaKTOpaMHu PH3UKY Ui (popMyBaHHS
KaJIbIi€BO-OKCAJIATHIX KAMEHIB, aJie HE aCOILIIOETHCS 3 MTiIBUIICHAM PU3UKOM PelUANBIB. TaKuM YMHOM, PiBEHb €KCKpETIii
CEYOBOI KHCIIOTH HE € IPOTHOCTUIHUM MapKepOM KaJTbI[IEBO-OKCAIATHOI cE€Y0KaM ‘STHOT XBOpOOH. Takok € MajTOHMOBIpHUM
MIPUMYIIECHHS, IO TINepypPHUKO3ypis € CHpaBXHIM (pakTopoM pU3NKy (POpMyBaHHS KalbLi€BO-OKCAJIaTHUX KaMEHIB Ta

BUJIUICHHSI TIIIEPYPUKO3YPHYHOTO KaJIbI[IEBO-OKCATATHOTO yPOJIiTia3y Y CaMOCTIHHY TPYILy.

INTRODUCTION

More than seventy years ago, Smith and
coworkers described hyperuricosuria in calcium
stone formers (Smith et al., 1969). Since that time,
several other authors reported hyperuricosuria as a
risk factor for calcium oxalate (CaOx) stone for-
mation and coined the term hyperuricosuric calcium
urolithiasis (Coe, 1978; Pak et al., 1980). Experi-
mental studies revealed heterogenous nucleation
(Pak and Arnold, 1975), removing inhibitors (Pak et
al., 1977), and salting out (Grover et al., 1993) as
potential mechanisms of action. Consequently, hy-
peruricosuric CaOx stone formers (CaOxSF) were
treated with allopurinol and alkaline citrate (Coe y
Raisen, 1973; Pak and Peterson, 1986). In one
randomized prospective study, it has been shown
that that allopurinol could decrease the recurrence
rate in hyperuricosuric CaOxSF (Ettinger et al.,
1986). Nevertheless, the role of hyperuricosuria has
been questioned only several years later by the same
working group (Ettinger, 1989). Possibly, other
mechanisms than lowering uric acid excretion
(UAE) were responsible for the decreased
recurrence rate. The role of hyperuricosuria as a risk
factor for calcium stone disease has been questioned
later by Curhan and coworkers as they found that
the risk of being a stone former decreased with
increasing UAE in men (Curhan et al., 2001). In a
recent review the role of hyperuricosuria has been
challenged again (Moe y Xu, 2018). One problem is
that all studies on hyperuricosuric CaOxSF have
been performed with only a limited number of
patients. Therefore, we examined the role of

hyperuricosuria in large series of CaOxSF with
complete metabolic evaluation.

MATERIALS AND METHODS

A total of 2,480 consecutive patients with
CaOx stones treated in the Department of Urology
and Paediatric Urology at the Regiomed-Klinikum
Coburg, Germany were studied. Patients with
primary hyperparathyroidism, hyperoxaluria and
distal renal tubular acidosis were excluded.

Stone analysis was performed via polarization
microscopy and x-ray diffraction.

A detailed history including age, sex, the number
of stone episodes and the presence of diabetes mellitus
was recorded. Arterial blood pressure (RR) was
measured according to the recommendations of the
World Hypertension League sitting after 5 minutes at
rest. the body mass index (BMI) was assessed as well.

The following biochemical parameters were
determined in all patients: urine pH profiles on three
consecutive days in the morning (fasting), noon
(postprandial) and evening (postprandial). For urine
pH measurements, dipsticks, which allowed pH
measuring in 0.1 steps (Madaus GmbH, Cologne,
Germany), were used. The mean urinary pH was
calculated in every patient.

Blood was drawn to measure creatinine (Jaffé
reaction, Dade Behring Marburg, Germany), potas-
sium (atomic absorption), calcium (indirect ion
sensitive electrode), glucose (postprandial; hexoki-
nase-glucose-6-phosohate dehydrogenase method,
Flex™ Siemens Healthcare Diagnostics Newark, DE,
USA) and uric acid (modified uricase method, Dade

85



YPOIOTIA
UROLOGIYA
2022.T. 26, Ne 2

Behring Marburg, Germany). A 24 h-urine specimen
was collected to determine the excretion of citrate
(citrate lyase method, Boehringer Mannheim, Ger-
many), creatinine (Jaffé reaction, Dade Behring Mar-
burg, Germany), calcium (indirect ion sensitive elec-
trode), uric acid (modified uricase method, Dade
Behring Marburg, Germany), ammonia (modified
glutamate dehydrogenase method using NADPH, test
kit Ammonia Flex™, Dade Int., Newark, DE, USA)
and urea (urease-glutamate dehydrogenase, Dade Beh-
ring Marburg, Germany) as markers for protein intake.

According to the UAE patients were divided
into two groups: 1. UAE >4 mmol/d (hyperuri-
cosuria), 2. UAE <4 mmol/d (normouricosuria).

For statistical analysis, means and standard
deviations were calculated. Significant differences
(p<0.05) were assessed by Student’s t-test in case of
Gaussian distribution and equal variance, otherwise
the non-parametric Mann-Whitney test was used. Fur-
thermore, corelations were calculated (Spearman r).

= Males

= Females

a
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For these analyses, the programme Prism 9
(GraphPad Software, San Diego, CA, USA) was
used. Calculations were performed on a personal
computer.

RESULTS AND DISCUSSION

The study population (n=2,480) consisted of
1,949 males (78.6%) and 531 females (21.4%). There
were 347 patients with diabetes mellitus (14.0%).

We observed significant correlations between
UAE and sex, age, BMI, blood pressure, serum values
of creatinine, sodium, urine volume, urine levels of
calcium, citrate, urea and ammonia (p<0.0001) as
well as serum calcium (p=0.023). No significant
correlations were seen to the stone frequency (number
of stone episodes), serum potassium and urine pH.

In group 1 (n=741; 29.9%), there were 87.2%
male and 12.8% female patients; in group 2 (n=1,739;
70.1%), the ratio was 60.6:39.4% (Fig.).

= Males

= Females

b

Sex distribution in hyperuricosuric (a) and normouricosuric CaOxSF (b)

In the hyperuricosuric group, there were
significantly (p<0.0001) more males than in the
normouricosuric collective. Hyperuricosuric subjects
had a higher BMI (Table 1), higher blood levels of
uric acid and glucose (Table 2), a higher diuresis, a
higher excretion of calcium, urea and ammonium, but
a lower excretion of citrate than normouricosuric
patients (Table 3). All the other parameters did not
show any significant differences. Especially the
number of stone episodes was not different.

Our results showed that hyperuricosuria cor-
related with many metabolic parameters and stone
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risk factors in CaOx stone formers. 29.9% of our
CaOxSF were hyperuricosuric. Similar numbers
have been reported already previously (Arowojolu
and Goldfarb, 2014; Coe, 1978). Hyperuricosuria
was associated with age, male sex and higher BMI.
This in accordance with previous reports (Del Valle
et al., 2012; Otto et al., 2017; Wang et al., 2018).
Hyperuricosuric SF also showed a higher 24-h urine
volume, ammonia, and wurea excretion. These
findings go along with a study on the composition of
24-h urine in diabetic and non-diabetic stone for-
mers (Hartman et al., 2015).
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TABLE 1. General parameters (means +- standard deviations) om hyperuricosuic (group 1) and

normouricosuric (group 2) CaOxSF

Group 1 Group 2
Age (years) 49.7+12.7 53.7£15.4
BMI (kg/?) 30.1£5.7% 27.844.9
Diab. mellitus (%) 14.4 13.9
Stone episodes (n) 1.8+1.4 1.8+1.2
BP sys (mm Hg) 138+15 136+15
BP dia (mm Hg) 83+8 81+8

Significant differences: * p<0.0001.

TABLE 2. Blood parameters (means +- standard deviations) om hyperuricosuic (group 1) and

normouricosuric (group 2) CaOxSF

Group 1 Group 2
Creatinine (mg/dl) 1.1£0.3 1.0£0.3
Sodium (mmol/l) 140+6 140+4
Potassium (mmol/I) 4.1+0.4 4.1+0.4
Calcium (mmol/1) 4.7+0.3 4.7+0.3
Uric acid (mg/dl) 5.2+1.0%* 2.8+0.8
Glucose (mg/dl) 125+42%* 118+40

Significant differences: * p<0.0001.

TABLE 3. Urine parameters (means +- standard deviations) om hyperuricosuic (group 1) and

normouricosuric (group 2) CaOxSF

Group 1 Group 2
pH 6.1+0.4 6.2+0.4
Volume (I/d) 3.0+£1.4% 2.5£1.3
Calcium (mmol/d) 6.8+£3.3*% 5.1£2.9
Uric acid (mmol/d) 5.2+1.1 5.2+1.1
Citrate (mmol/d) 2.5+1.6* 2.8+0.8
Urea (mmol/d) 490+142* 304+119
Ammonia (mmol/d) 57+£37* 38+39

Significant differences: * p<0.0001.
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CONCLUSION

All these findings demonstrate that UAE is
not an independent risk factor for CaOx stone
formation. Conclusively, there was no correlation to
the stone frequency and no association with an
increased risk for recurrence. The number of stone
episodes was comparable between hyperuricosuric
and normouricosuric CaOxSF. Therefore, UAE 1is
not a prognostic marker in CaOx urolithiasis. It is
questionable whether hyperuricosuria is a real risk
factor for CaOx stone formation. Our conclusions
which are drawn from a large series of CaOxSF
confirm the assumptions previously drawn from
theoretical considerations and smaller clinical series
(Ettinger, 1989). Although a linear relationship
between uric acid excretion and the stone risk index
FRPcaox has been demonstrated (Pak et al., 1977
Pak et al., 1978), this did not result in higher real
world stone formation as the stone frequency did not

urologiya.dmu.edu.ua

correlate with the UAE highlighting again that
surrogate parameters as stone risk indices to not
necessarily reflect the real stone events.

STATEMENTS AND DECLARATIONS

The authors have no competing interests to
declare that are relevant to the content of this article.
The authors did not receive support from any
organization for the submitted work.

This is an observational study. According to
the laws in Germany, a vote of an Ethic Committee is
not required as it is a retrospective study based on
completely anonymized data that cannot be traced
back to individual patients. It was exempt from the
Regiomed-Kliniken Institutional Review board as it
used only de-identified patient data.

ACKNOWLEDGEMENT

We thank Dr. Maxim Kovalkov for translating
the Summary and the Key Words into Ukrainian.

REFERENCES

Arowojolu, O. & Goldfarb, D. S. (2014). Treatment
of calcium nephrolithiasis in the patient with
hyperuricosuria. Journal of Nephrology, 27(6), 601-
605. https://doi.org/10.1007/s40620-014-0084-x

Coe, F. L. (1978). Hyperuricosuric calcium oxalate
nephrolithiasis. Kidney International, 13(5), 418-
426. https://doi.org/10.1038/ki.1978.60

Coe, F. L. & Raisen, L. (1973). Allopurinol treatment
of uric-acid disorders in calcium-stone formers.
Lancet (London, England), 1(7795), 129-131.
https://doi.org/10.1016/s0140-6736(73)90197-9

Curhan, G. C., Willett, W. C., Speizer, F. E. & Stam-
pfer, M. J. (2001). Twenty-four-hour urine che-
mistries and the risk of kidney stones among women
and men. Kidney International, 59(6), 2290-2298.
https://doi.org/10.1046/j.1523-1755.2001.00746.x

Del Valle, E. E., Negri, A. L., Spivacow, F. R.,
Rosende, G., Forrester, M. & Pinduli, 1. (2012).
Metabolic diagnosis in stone formers in relation
to body mass index. Urological Research,
40(1), 47-52.
https://doi.org/10.1007/s00240-011-0392-8

Ettinger, B. (1989). Does hyperuricosuria play a role
in calcium oxalate lithiasis? The Journal of
Urology, 141(3 Pt 2), 738-741.
https://doi.org/10.1016/s0022-5347(17)40998-0

Ettinger, B., Tang, A., Citron, J. T., Livermore, B. &
Williams, T. (1986). Randomized trial of allo-
purinol in the prevention of calcium oxalate
calculi. The New England Journal of Medicine,
315(22), 1386-1389.
https://doi.org/10.1056/NEJM198611273152204

88

Grover, P. K., Ryall, R. L. & Marshall, V. R. (1993).
Dissolved wurate promotes calcium oxalate
crystallization: Epitaxy is not the cause. Clinical
Science (London, England: 1979), 85(3), 303-307.
https://doi.org/10.1042/cs0850303

Hartman, C., Friedlander, J. I., Moreira, D. M., El-
samra, S. E., Smith, A. D. & Okeke, Z. (2015).
Differences in 24-h urine composition between
nephrolithiasis patients with and without diabetes
mellitus. BJU International, 115(4), 619-624.
https://doi.org/10.1111/bju.12807

Moe, O. W. & Xu, L. H. R. (2018). Hyperuricosuric
calcium urolithiasis. Journal of Nephrology, 31(2),
189-196. https://doi.org/10.1007/s40620-018-0469-3

Otto, B. J., Bozorgmehri, S., Kuo, J., Canales, M.,
Bird, V. G. & Canales, B. (2017). Age, Body
Mass Index, and Gender Predict 24-Hour Urine
Parameters in Recurrent Idiopathic Calcium
Oxalate Stone Formers. Journal of Endourology,
31(12), 1335-1341.
https://doi.org/10.1089/end.2017.0352

Pak, C. Y. & Arnold, L. H. (1975). Heterogeneous
nucleation of calcium oxalate by seeds of mono-
sodium urate. Proceedings of the Society for
Experimental Biology and Medicine. Society for
Experimental Biology and Medicine (New York,
N.Y.), 149(4), 930-932.
https://doi.org/10.3181/00379727-149-38929

Pak, C. Y., Barilla, D. E., Holt, K., Brinkley, L., To-
lentino, R. & Zerwekh, J. E. (1978). Effect of oral
purine load and allopurinol on the crystallization
of calcium salts in urine of patients with



YPOJIOI'TA

hyperuricosuric  calcium  urolithiasis.  The
American Journal of Medicine, 65(4), 593-599.
https://doi.org/10.1016/0002-9343(78)90846-x

Pak, C. Y., Britton, F.,, Peterson, R., Ward, D.,

Northcutt, C., Breslau, N. A., McGQGuire, J., Sa-
khaee, K., Bush, S., Nicar, M., Norman, D. A. &
Peters, P. (1980). Ambulatory evaluation of
nephrolithiasis. Classification, clinical pre-
sentation and diagnostic criteria. The American
Journal of Medicine, 69(1), 19-30.
https://doi.org/10.1016/0002-9343(80)90495-7

Pak,C.Y. & Peterson, R. (1986). Successful

treatment of hyperuricosuric calcium oxalate
nephrolithiasis with potassium citrate. Archives of
Internal Medicine, 146(5), 863-867.
https://doi.org/10.1001/archinte.1986.003601700
59007

Pak, C. Y., Waters, O., Arnold, L., Holt, K., Cox, C.
& Barilla, D. (1977). Mechanism for calcium
urolithiasis among patients with hyperuricosuria:
Supersaturation of urine with respect to mono-
sodium urate. The Journal of Clinical Investigation,
59(3), 426-431. https://doi.org/10.1172/JCI108656

Smith, M. J., Hunt, L. D., King, J. S. & Boyce, W. H.
(1969). Uricemia and urolithiasis. The Journal of
Urology, 101(5), 637-642.
https://doi.org/10.1016/s0022-5347(17)62393-0

Wang, Q., Hu, W., Lu,Y., Hu,H.,, Zhang,J. &
Wang, S. (2018). The impact of body mass index
on quantitative 24-h urine chemistries in stone
forming patients: A systematic review and meta-
analysis. Urolithiasis, 46(6), 523-533.
https://doi.org/10.1007/s00240-018-1044-z

89



