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Abstract
Objective: This study aimed to evaluate the metabolic 
changes in patients with recurrent calcium oxalate stones.
Materials and methods: We evaluated 143 patients with 
recurrent oxalate stones and measured serum calcium, 
phosphate, creatinine, urate, and parathormone. In addi-
tion, 24-h urinary output was monitored and collected for 
the measurement of total volume, pH, citrate, calcium, 
urate, oxalate, phosphorus, sodium, and magnesium.
Results: The mean age of the patients was 42.8±10.8 
years, and 132 out of 143 patients (92.3%) had metabolic 
abnormalities. There were no metabolic abnormalities in 
only 11 (7.7%) patients. Thirty (20.1%) patients only had 
one metabolic abnormality, and 102 (71.3%) patients 
had multiple metabolic abnormalities. Hyperoxaluria was 
the major metabolic abnormality (64.4%), but we also 
detected low urinary volume, hypercalciuria, hypocitratu-
ria, hypernatriuria, and hyperuricosuria in 66 (46.2%), 47 
(32.8%), 47 (32.8%), 44 (30.8%), and 21 (14.7%) patients, 
respectively.
Conclusion: There were several metabolic abnormali-
ties in patients with recurrent calcium oxalate stones, and 
the most important were hyperoxaluria, hypercalciuria, 
hypocitraturia, and low urinary volume. These metabolic 
abnormalities should be detected and corrected to pre-
vent the recurrence of stones.
Key words: Metabolic changes; prevention; recurrence; uroli-
thiasis.

Özet
Amaç: Bu çalışmada rekürren kalsiyum oksalat taş 
hastalarında metabolik değişikliklerin değerlendirilmesi 
amaçlanmıştır.
Gereç ve yöntem: Rekürren kalsiyum oksalat taşı olan 
143 hasta değerlendirildi ve serumda kalsiyum, fosfat, 
kreatinin, ürat ve parathormon ölçüldü. Ayrıca 24 saatlik 
idrarda total hacim, pH, sitrat, kalsiyum, ürat, oksalat, 
fosfor, sodyum ve magnezyum bakıldı.
Bulgular: Hastaların ortalama yaşı 42.8±10.8 olarak sap-
tandı. Çalışmaya alınan 143 hastanın 132’sinde (%92.3) 
metabolik bozukluk saptandı. Sadece 11 (%7.7) hastada 
metabolik bozukluk yoktu. Metabolik bozukluk saptanan 
hastaların 102’sinde (%71.3) mikst metabolik bozukluk 
varken 30’unda (%20.1) tek metabolik bozukluk belir-
lendi. Hiperoksalüri (%64.4) temel metabolik bozukluk 
olarak ortaya çıktı. Ancak düşük idrar hacmi 66 (%46.2), 
hiperkalsiuri 47 (%32.8), hipositratüri 47 (%32.8), hiper-
natriüri 44 (%30.8) ve hiperürikozüri 21 (%14.7) hastada 
belirlendi. 
Sonuç: Rekürren kalsiyum oksalat taş hastalarında 
çeşitli metabolik bozukluklar vardır. Bu metabolik bozuk-
luklardan en önemlileri hiperoksalüri, hiperkalisüri, hipo-
sitratüri ve düşük idrar hacmidir. Bu metabolik bozukluklar 
belirlenmeli ve taş rekürrenslerinin önlenmesi için düzel-
tilmelidir.
Anahtar sözcükler: Metabolik değişiklik; önlem; rekürrens; 
ürolitiyazis.
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Urolithiasis is a common disease throughout the 
world that affects the general population. Urolithiasis 
is characterized by a recurrence rate of approxi-
mately 50-60% within 10 years.[1] Several factors, 
such as age, gender, climate, metabolic abnormali-
ties and heredity, are related to the development 
of urinary stones.[2] Insulin resistant states, history 

of hypertension, primary hyperparathyroidism, his-
tory of gout, chronic metabolic acidosis, and surgical 
menopause are also associated with increased risk 
of urinary stones.[3-5] Metabolic abnormalities are the 
most important factors because they can be modified 
to prevent the risk of urinary stones.



There are several types of urinary stones, and they 
are classified according to chemical composition. 
Calcium oxalate is the major component of the vast 
majority of stones. In patients with calcium oxalate 
stones, metabolic evaluation and intervention should 
be considered to prevent the recurrence of stones.

The purpose of this study was to determine the 
prevalence of metabolic changes and abnormalities in 
the blood and urine of patients with recurrent calcium 
oxalate stones.

Materials and methods
The present study prospectively examined 143 

patients from December 2004 to April 2006. All 
patients had recurrent idiopathic calcium oxalate 
stones (i.e., calcium oxalate monohydrate or dihy-
drate stones), and the stones were either removed 
by operation or analyzed after spontaneous passage. 
The main criteria for inclusion were the presence of 
calcium oxalate stones and at least two episodes of 
urinary stones (i.e., endoscopic or surgical elimina-
tion of two or more urinary stones). Patients were 
excluded if they were younger than 16 and/or had any 
chronic diseases, chronic drug usage or other urinary 
disorders, such as proteinuria, urinary infection or 
obstruction. 

An informational form about the study design was 
given to all patients, and urine sample collected for 
24-hour and blood sample were obtained for analysis. 
We also evaluated the medical history of each patient, 
including family history, recurrent urinary infections 
and oral fluid intake. In addition, we measured the 
serum levels of calcium, phosphorus, creatinine, urate 
and parathormone. 

Twenty-four-hour urine samples were collected 
from the patients with normal dietary habits with-
out acute stone disease for the measurement of pH 
and total volume. We also measured serum levels of 
citrate, calcium, urate, oxalate, phosphorus, sodium 
and magnesium. In addition, we also collected urine 
samples from patients who underwent urinary surgery 
(samples were not collected until at least six week 
after the surgery). Twenty-four-hour urine samples 
were collected in plastic boxes, which do not react 
chemically by standard methods, and were stored at 
2-8ºC. Hydrochloric acid was used for the determina-
tion of oxalate, and boric acid was used for the deter-
mination of citrate. 

The serum levels of metabolic parameters were 
measured by standard chemical procedures. Serum 
calcium (normal range 8.4-10.2 mg/dL), creatinine 
(normal range 0.5-1.4 mg/dL) and phosphorus (nor-
mal range 2.5-4.5 mg/dL) were measured by colori-
metric assays; urate was determined by an enzymatic 
colorimetric assay (normal range 2.5-8 mg/dL for 
males and 1.5-6.0 mg/dL for females); and parathor-
mone was measured by chemiluminescence methods 
(normal range 0.8-5.2 pmol/L). For 24-h samples, 
levels of calcium, phosphorus, sodium, and urate 
were measured with an Aeroset autoanalyzer with 
special kits (Abbot, Chicago, IL, USA). Oxalate was 
manually measured with Hitachi oxalate oxidase and 
peroxidase assays (Boehringer Mannheim, Laval, 
Quebec), and citrate was manually measured with a 
citrate lyase assay. Urinary pH was measured with 
Orion model 330 pH meter (MSUM Biochemistry, 
Moorhead, MN, USA). Hyperoxaluria was defined 
as a urinary oxalate level greater than 40 mg/day, and 
hypercalciuria was defined as a urinary calcium level 
greater than 300 mg/day. Hypernatriuria was defined 
as a urinary sodium level greater than 220 mmol/
day, hyperuricosuria was defined as a urinary urate 
level greater than 750 mg/day and hypocitraturia 
was defined as a urinary citrate level less than 350 
mg/day. Hypomagnesuria was defined as a urinary 
magnesium level less than 3 mg/day. Hypophospha-
turia was defined as a urinary phosphorus level less 
than 0.9 g/day, and hyperphosphaturia was defined 
as a urinary phosphorus level more than 1.3 g/day. A 
urinary volume greater than 2,000 cc/day was consid-
ered to be normal. 

Statistical analysis was performed using SPSS 
version 12.0 (SPSS Inc. Chicago, IL, USA). Results 
are presented as mean and median percentage and 
assessed statistically using t tests to compare between 
male and female. The frequency of metabolic abnor-
malities was compared using t and chi-square tests. 
P<0.05 was considered statistically significant.

Results
The present study consisted of significantly more 

males (91, 63.6%) than females (52, 36.4%). The 
mean age of the patients was 42.81±10.8 years, 
and the mean ages of the males and females were 
41.2±9.4 years and 45.6±11.3 years, respectively. 
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Out of the 143 total patients, 76 (53.1%) had a family 
history of urolithiasis, and 20 (14.0%) patients had 
a history of recurrent urinary tract infection. Table 1 
shows the gender, history of recurrent urinary tract 
infection and fluid intake of the patients. 

Interestingly, 132 of the 143 patients had meta-
bolic abnormalities, whereas there were no metabolic 
abnormalities in 11 (7.7%) patients. Thirty patients 
(20.1%) only had one metabolic abnormality, and 
102 (71.32%) patients had multiple metabolic abnor-
malities. Table 2 shows the frequency of the meta-
bolic changes that were diagnosed in the patients. 
In this study, hyperoxaluria was the most commonly 
observed metabolic abnormality. Indeed, hyperox-
aluria was found in 92 (64.4%) of the patients [62 
(43.4%) males and 30 (21.0%) females]. Slight 
hyperoxaluria (i.e., a urinary oxalate level between 
40-100 mg/day) was found in 58 (40.5%) patients, 
and severe hyperoxaluria (i.e., urinary oxalate level 
>100 mg/day) was found in 34 (23.8%) patients. In 
addition, 66 (46.2%) patients had low urinary volume 
(urine amount <1 L/day). Other significant metabol-
ic abnormalities were hypercalciuria, hypocitraturia 
and hypernatriuria. Hypercalciuria and hypocitraturia 
were each present in 47 (32.8%) patients, and hyper-
natriuria was found in 44 (30.8%) patients. Twenty-
one (14.7%) patients had hyperuricosuria: 19 (13.3%) 
males and 2 (1.4%) females. Hypomagnesuria and 
primary hyperparathyroidism were found in 13 
(9.1%) patients and 27 (18.9%) patients, respectively. 
Thirteen (9.1%) of the patients had a parathyroid 
adenoma, and this was more prevalent in females (12 
females and 1 male). Secondary hyperparathyroidism 
was found in 2 (1.4%) patients. 

In patients with recurrent calcium oxalate stones, 
the single major metabolic abnormality was hyper-
oxaluria. Interestingly, 21 (14.7%) patients only had 
hyperoxaluria, and only 7 of these patients had severe 
hyperoxaluria. Only 4 (2.8%) patients had hypercalci-
uria as their only metabolic abnormality.  

Discussion
Urolithiasis, which has several etiological factors, 

may occur as a result of metabolic changes and/or envi-
ronmental nutritional factors. The most common stones 
are calcium stones, the majority of which consist of cal-
cium oxalate.[6] Many previous studies have investigat-

ed metabolic abnormalities in several populations,[7-11] 

but further evaluations and metabolic investigations 
are required to prevent the recurrence of stones. Thus, 
the present study evaluated metabolic abnormalities in 
patients with recurrent calcium oxalate stones. 

Urolithiasis is a disease that is known to predomi-
nantly affect males. In recent years, however, the inci-
dence of urolithiasis in women has been increasing. 
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Table 1. The gender distribution, history of recurrent 
urinary tract infection, and fluid intake of the patients

		  Number	 %	 Mean age

Gender	 Male	 91	 63.6	 41.2

	 Female	 52	 36.4	 45.6

Family history	 Yes	 76	 53.1	 40.4

	 No	 67	 46.9	 45.5

History of RUTI 	 Yes	 20	 14.0	 43.9

	 No	 123	 86.0	 42.6

Fluid intake (daily)	 Low (<1 L)	 46	 32.2	 42.1

	 Mild (1-2 L)	 65	 45.5	 43.3

	 High (>2 L)	 32	 22.4	 42.9

Total 		  143	 100.0	 42.8

RUTI: Recurrent urinary tract infection.

Table 2. The frequency of metabolic abnormalities 
diagnosed in patients with recurrent calcium oxalate 
stones [n (%)]

	 Male 	 Female	 Total
	 (n=91)	  (n=52)	 (n=143)

Hyperoxaluria 	 62 (43.4)	 30 (21.0)	 92 (64.4)

Low urinary volume 	 35 (24.4)	 31 (21.7)	 66 (46.2)

Hypercalciuria	 28 (19.5)	 19 (13.3)	 47 (32.8)

Hypocitraturia	 31 (21.7)	 16 (11.2)	 47 (32.8)

Hypernatriuria	 31 (21.7)	 13 (9.1)	 44 (30.8)

Hypophosphaturia	 24 (16.7)	 14 (9.8)	 38 (26.6)

Primer 	 8 (5.6)	 18 (12.6)	 27 (18.9)
hyperparathyroidism	

Hyperuricosuria	 19 (13.3)	 2 (1.4)	 21 (14.7)

Hypomagnesuria	 9 (6.3)	 4 (2.8)	 13 (9.1)

Parathyroid adenoma	 1 (0.7)	 12 (8.4)	 13 (9.1)

Hyperphosphaturia	 8 (5.6)	 2 (1.4)	 10 (7.0)

Secondary 	 1 (0.7)	 1 (0.7)	 2 (1.4)
hyperparathyroidism	

No abnormality	 6 (4.2)	 5 (3.5)	 11 (7.7)



A study by Scales et al.[12] found that the male:female 
ratio of urolithiasis cases diminished from 1.7 to 1.3 
during the last 20 years in the USA. Muslumanoglu 
et al.[13] updated the epidemiological data for urinary 
stone disease and reported that the male:female ratio 
was 1:1. In the present study, we found a male pre-
dominance (i.e., the male:female ratio was 1.75:1). 
Our results seem to be different from the literature, 
indicating the male predominance in patients with 
calcium oxalate stones.

In the present study, the interesting factors in the 
patients’ medical histories were a genetic predisposi-
tion to urolithiasis and dietary fluid intake. Seventy-
six (53.1%) patients had a genetic predisposition for 
stone formation and recurrence. Interestingly, 111 
patients had an inadequate daily dietary fluid intake. 
In addition, 32.2% of patients had a history of fluid 
intake less than 1 L/day, and 45.5% of patients had 
a history of moderate daily (1-2 L/day) fluid intake. 
Metabolic abnormalities were detected in 132 out 
of 143 patients, which demonstrated that metabolic 
abnormalities are common in patients with recur-
rent calcium oxalate stones. In the present study of 
patients with recurrent calcium oxalate stones, 102 
(71.3%) patients had multiple metabolic abnormali-
ties. In a study by Amaro et al.[11] 62.2% of patients 
had multiple metabolic abnormalities; however, the 
patients did not have recurrent calcium oxalate 
stones. Therefore, it can be presumed that multiple 
metabolic abnormalities are more common in patients 
with recurrent calcium oxalate stones.

Medical preventive measures are very important 
in recurrent calcium stone patients. To decrease the 
recurrence of stones in these patients, their metabolic 
profiles should be carefully evaluated, and diet and 
medical preventive measures should be applied. 
The dietary intervention and preventive measures 
should aim to change patients’ sedentary lifestyles 
and prevent diseases such as diabetes, obesity and 
hypertension. In addition, recurrent calcium stone 
patients should attempt to increase their fluid intake 
(mean urinary volume 2-2.5 L/day), restrict sodium 
and oxalate intake, maintain a normal calcium bal-
ance, and follow a diet that contains suitable levels 
of citrate and uric acid. Low urinary volume and 
low fluid intake are risk factors for urolithiasis, and 
increased fluid intake should be encouraged for all 

stone patients.[14] In the present study, we found that 
66 (46.2%) patients  had low urinary volume (less 
than 2,000 cc/day), but 14 (9.8%) of these patients 
had a urinary volume of more than 1,000 cc. In a 
study by Siener et al.[15] 57.9% of patients had low 
urinary volume (less than 2,000 cc/day). In our study, 
low urinary volume was confirmed to be a significant 
risk factor for urolithiasis.

Hyperoxaluria, which may result from an increased 
dietary intake of oxalate, endogenous production and/
or excessive intestinal absorption, is the primary risk 
factor for the formation of calcium oxalate stones.[16] 
Interestingly, the rate of hyperoxaluria is not consis-
tent between studies that have evaluated metabolic 
abnormalities. For example, Siener et al.[15] reported 
a 14% prevalence of hyperoxaluria, whereas Amaro 
et al.[11] found a 21% prevalence. In the present study, 
however, hyperoxaluria was most common metabolic 
abnormality with a prevalence of 64.4%. Because 
hyperoxaluria is a metabolic abnormality that can be 
reduced by dietary intervention, medical preventative 
measures should primarily contain dietary interven-
tion for hyperoxaluria.

In the present study, hyperoxaluria was the major 
metabolic abnormality; however, other studies have 
found different results. In a study evaluating patients 
with recurrent calcium oxalate stones, Siener et al.[15] 
showed that the most common metabolic abnormal-
ity was low urinary volume (57.9%), and the second 
most common metabolic abnormality was hypoci-
traturia (57.0%). Conversely, Karabacak et al.[17] 
evaluated adult and pediatric patients with stones and 
found that the most common metabolic abnormality 
was hypercalciuria (50.5%), and the second most 
common metabolic abnormality was hyperoxaluria 
(31.9%). Furthermore, Yagisawa et al.[18] found that 
the most common metabolic abnormalities were 
hypercalciuria and low urinary volume. Taken togeth-
er, the results of these studies show that there are 
several prevalent metabolic abnormalities in patients 
with recurrent calcium oxalate stones. Although 
there are different results in the literature, the most 
common metabolic abnormalities are hyperoxaluria, 
hypercalciuria and low urinary volume. 

Other remarkable metabolic abnormalities in 
our study were hypercalciuria and hypocitraturia. 
Hypercalciuria causes an increase in urinary crystal-
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lization and stone formation; however, restricting cal-
cium is controversial, and some doctors do not believe 
that calcium restriction is necessary in patients with 
calcium oxalate stones.[19] In the present study, hyper-
calciuria was found in 47 (32.8%) patients. In contrast, 
a study by Amaro et al.[11] found a 74% prevalence of 
hyperoxaluria. Citrate is a natural inhibitor of stone 
formation, and its absence in urine causes an increase 
in the risk of stone formation. Numerous studies have 
shown that the prevalence of hypocitraturia is between 
19% and 63%.[20,21] In the present study, the prevalence 
of hypocitraturia was 14%.

In recurrent stone patients, urinary sodium has 
hypocitraturic and calciuric effect.[22] In the pres-
ent study, hypernatriuria was found in 39.8% of the 
patients. Therefore, urinary sodium should also be 
evaluated along with calcium, oxalate and citrate in 
patients with recurrent calcium oxalate stones.

Urate is an end product of protein metabolism, 
and hyperuricosuria is a potential risk factor for the 
formation of urinary stones. In a study by Brockis 
et al.[23] hyperuricosuria and hyperuricemia were the 
most common metabolic changes, and these condi-
tions were more commonly observed in males. In 
a study by Amaro et al.[11] the prevalence of hyper-
uricosuria was 20.2%, and it was more common in 
males. Similarly, we also found hyperuricosuria in 19 
(13.3%) male patients compared with only 2 (1.4%) 
female patients, which confirmed that hyperuricos-
uria is more common in male patients with recurrent 
calcium oxalate stones. 

Hypomagnesuria, which has been considered to 
be a potential risk factor for the formation of cal-
cium oxalate stones,[24] was detected in 9.1% of 
the patients. Magnesium supplementation has been 
shown to be effective in preventing stone recurrences. 

Primary hyperparathyroidism and parathyroid 
adenoma were diagnosed in 18.9% and 9.1%, respec-
tively, of patients with recurrent calcium oxalate 
stones. This result was different from the outcome 
of other studies that evaluated all stone patients;[11] 

thus, hyperparathyroidism and parathyroid adenoma 
should be considered in patients with recurrent cal-
cium oxalate stones, especially in females. 

In conclusion, several metabolic abnormalities are 
common in patients with recurrent calcium oxalate 
stones; and hyperoxaluria, hypercalciuria, hypoci-

traturia, and low urinary volume appear to be the 
most important abnormalities. Physicians should 
look for these metabolic abnormalities in patients 
with recurrent calcium oxalate stones, and measures 
should be implemented to prevent the recurrence of 
stones in these patients. 

Conflict of interest

No conflict of interest was declared by the authors.  

References
1.	 Joual A, Rais H, Rabii R, el Mrini M, Benjelloun S. 

Epidemiology of urinary lithiasis. Ann Urol (Paris) 
1997;31:80-3.

2.	 Ekane S, Wildschutz T, Simon J, Schulman CC. 
Urinary lithiasis: epidemiology and physiopathology. 
Acta Urol Belg 1997;65:1-8.

3.	 Parmar MS. Kidney stones. BMJ 2004;328:1420-4. 
[CrossRef]

4.	 Curhan GC, Willett WC, Rimm EB, Stampfer MJ. 
Family history and risk of kidney stones. J Am Soc 
Nephrol 1997;8:1568-73. [CrossRef]

5.	 Mattix Kramer HJ, Grodstein F, Stampfer MJ, Curhan 
GC. Menopause and postmenopausal hormone use 
and risk of incident kidney stones. J Am Soc Nephrol 
2003;14:1272-7. [CrossRef]

6.	 Lewandowski S, Rodgers AL. Idiopathic calcium 
oxalate urolithiasis: risk factors and conservative 
treatment. Clin Chim Acta 2004;345:17-34. [CrossRef]

7.	 Amaro CR, Golberg J, Agostinho AD, Damasio P, 
Kawano PR, Fugita OE, et al. Metabolic investigation 
of patients with staghorn calculus: it is necessary? Int 
Braz J Urol 2009;35:658-63. [CrossRef]

8.	 Giugliani R, Ferrari I. Metabolic factors in urolithiasis: 
a study in Brazil. J Urol 1980;124:503-7.

9.	 Pak CY, Poindexter JR, Adams-Huet B, Pearle MS. 
Predictive value of kidney stone composition in the 
detection of metabolic abnormalities. Am J Med 
2003;115:26-32. [CrossRef]

10.	Abdel Goad EH, Bereczky ZB. Metabolic risk factors 
in patients with renal stones in KwaZulu Natal: an inter-
racial study (Asian and Whites). BJU Int 2004;93:120-3. 
[CrossRef]

11.	Amaro CR, Golberg J, Amaro JL, Padovani CR. 
Metabolic assessment in patients with urinary lithiasis. 
Int Braz J Urol 2005;31:29-33. [CrossRef]

12.	Scales CD Jr, Curtis LH, Norris RD, Springhart WP, Sur 
RL, Schulman KA, et al. Changing gender prevalence of 
stone disease. J Urol 2007;177:979-82. [CrossRef]

13.	Muslumanoglu AY, Binbay M, Yuruk E, Akman T, 
Tepeler A, Esen T, et al. Updated epidemiologic study 
of urolithiasis in Turkey. I: Changing characteristics of 
urolithiasis. Urol Res 2011;39:309-14. [CrossRef]

14.	Pak CY. Medical prevention of renal stone disease. 
Nephron 1990;81:60-5. 

250 Türk Üroloji Dergisi - Turkish Journal of Urology 2011;37(3):246-251

http://dx.doi.org/10.1136/bmj.328.7453.1420
http://dx.doi.org/10.1097/00006205-199708000-00036
http://dx.doi.org/10.1097/01.ASN.0000060682.25472.C3
http://dx.doi.org/10.1016/j.cccn.2004.03.009
http://dx.doi.org/10.1590/S1677-55382009000600004
http://dx.doi.org/10.1016/S0002-9343(03)00201-8
http://dx.doi.org/10.1111/j.1464-410X.2004.04569.x
http://dx.doi.org/10.1590/S1677-55382005000100006
http://dx.doi.org/10.1016/j.juro.2006.10.069
http://dx.doi.org/10.1007/s00240-010-0346-6


15.	Siener R, Schade N, Nicolay C, von Unruh GE, Hesse 
A. The efficacy of dietary intervention on urinary risk 
factors for stone formation in recurrent calcium oxalate 
stone patients. J Urol 2005;173:1601-5. [CrossRef]

16.	Siener R, Ebert D, Nicolay C, Hesse A. Dietary risk 
factors for hyperoxaluria in calcium oxalate stone 
formers. Kidney Int 2003;63:1037-43. [CrossRef]

17.	Karabacak OR, Ipek B, Ozturk U, Demirel F, Saltas 
H, Altug U. Metabolic evaluation in stone disease 
metabolic differences between the pediatric and adult 
patients with stone disease. Urology 2010;76:238-41. 
[CrossRef]

18.	Yagisawa T, Hayashi T, Yoshida A, Okuda H, Kobayashi 
H, Ishikawa N, et al. Metabolic characteristics of the 
elderly with recurrent calcium oxalate stones. BJU Int 
1999;83:924-8. [CrossRef]

19.	Lewandowski S, Rodgers AL. Idiopathic calcium 
oxalate urolithiasis: risk factors and conservative 
treatment. Clin Chim Acta 2004;345:17-34. [CrossRef]

20.	Rudman D, Kutner MH, Redd SC 2nd, Waters WC 
4th, Gerron GG, Bleier J. Hypocitraturia in calcium 

nephrolithiasis. J Clin Endocrinol Metab 1982;55:1052-7. 
[CrossRef]

21.	Cupisti A, Morelli E, Lupetti S, Meola M, Barsotti 
G. Low urine citrate excretion as main risk factor for 
recurrent calcium oxalate nephrolithiasis in males. 
Nephron 1992;61:73-6. [CrossRef]

22.	Kok DJ, Iestra JA, Doorenbos CJ, Papapaulos SE. The 
effect of dietary excesses in animal protein and in sodium 
on the composition and the crystallisation kinetics of 
calcium oxalate monohydrate in urines of healthy men. J 
Clin Endocrinol Metab 1990;71:861-7. [CrossRef]

23.	Brockis JG, Levitt J, Cruthers SM. The effects of 
vegetable and animal protein diets on calcium, urate and 
oxalate excretion. Br J Urol 1982;54:590-3. [CrossRef]

24.	Asplin JR, Murray JF, Coe FL. Nephrolithiasis. In: 
Brenner BM, editor. The kidney. Philadelphia: W. B. 
Saunders; 2000. p. 1774-819.

Correspondence (Yazışma): Uzm. Dr. Mustafa Kıraç. 
Ümit Mah. Meksika Cad. Yeni Çağın Sit. A Blok No: 38 Ümitköy 
06530 Ankara, Turkey.
Phone: +90 312 287 97 97 e-mail: mkirac@gmail.com
doi:10.5152/tud.2011.046

Kıraç et al. Metabolic evaluation in patients with recurrent calcium oxalate stones 251

http://dx.doi.org/10.1097/01.ju.0000154626.16349.d3
http://dx.doi.org/10.1046/j.1523-1755.2003.00807.x
http://dx.doi.org/10.1016/j.urology.2010.01.036
http://dx.doi.org/10.1046/j.1464-410x.1999.00057.x
http://dx.doi.org/10.1016/j.cccn.2004.03.009
http://dx.doi.org/10.1210/jcem-55-6-1052
http://dx.doi.org/10.1159/000186838
http://dx.doi.org/10.1210/jcem-71-4-861
http://dx.doi.org/10.1111/j.1464-410X.1982.tb13602.x



