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Abstract This paper aims to study the correlation
between biochemical risk factors of the stone former and
the type of oxalate stone formed, namely calcium oxalate
monohydrate (COM) and calcium oxalate dehydrate
(COD). A retrospective study of 487 patients who had been
attending the urinary stone clinic, Trivandrum during
1998-2007 was conducted. The stones retrieved from them
were subjected to chemical analysis and FTIR spectro-
graphic analysis. They were categorized into COM, COD,
mixed COM+COD and others. Of 142 pure calcium oxalate
stone patients, 87 were predominantly COM stone formers
and 55 COD stone formers. Their metabolic status of 24 h
urine and serum was assessed. The values of urine calcium,
phosphorus, uric acid, magnesium, creatinine, oxalate, cit-
ric acid, sodium and potassium, serum values of calcium,
phosphorus, uric acid, magnesium and creatinine and calcu-
lated values of creatinine clearance, tubular reabsorption of
phosphate, calcium magnesium ratio and calcium oxalate
ratio were recorded. Comparison was made between the
COM stone group and the COD stone group. Patients
forming COM stones had significantly higher mean values
for urine calcium (P < 0.05), oxalate (P < 0.01) and mag-
nesium (P < 0.05) levels and significantly lower level of
urine calcium-oxalate ratio (P < 0.01) and urine calcium—
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magnesium ratio (P < 0.01) compared to COD stone form-
ing patients. All other values failed to show significant
difference. Patients, with higher urine oxalate, formed
COM stones. Those with low magnesium (which is an
inhibitor) formed more of COD stones. Urine calcium was
high in both groups without showing significant variation
from the mean. In patients with high calcium—oxalate and
calcium—magnesium ratios, there is higher chance of form-
ing a COD stone than COM. Identification of the crystalli-
zation pattern of the calcium stone will help in selecting
treatment modalities.

Keywords COM stone - COD stone - Metabolic status -
Calcium - Oxalate - Magnesium - Calcium—oxalate ratio -
Calcium—magnesium ratio

Introduction

Kidney stone disease is a common disorder, affecting
mostly males in third and fourth decades. Majority of the
stones are idiopathic and calcium oxalate forms the most
common type [1], followed by mixed stones, uric acid,
phosphates and rarer types. More than 60% of the patients
who present to the clinic for the first stone episode are
likely to form stones again within 10 years. There are
mainly two types of oxalate crystals: calcium oxalate
monohydrate (COM) and calcium oxalate dihydrate
(COD). Occurrence of COM stone is higher compared to
COD in our populations [2]. The aim of this paper is to
study whether there is any correlation between biochemical
risk factors of the stone former and the type of oxalate stone
formed. We have tried to derive this in order to get an
insight into the etiology of the specific type of stone
formation.
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Materials and methods

The setting of the study was the urinary stone clinic Trivan-
drum. A retrospective study of 487 patients who had been
attending the clinic during 1998-2007 was conducted. All
the patients had been assessed for epidemiological factors
and metabolically analysed. The patients were asked to col-
lect 24 h urine samples in thymol while on ordinary diet.
Serum was also collected. The biochemical tests performed
included 24 h urine calcium, phosphorus, uric acid, magne-
sium, creatinine, oxalate, citric acid, sodium and potassium,
serum levels of calcium, phosphorus, uric acid, magnesium
and creatinine and calculated values of creatinine clearance,
tubular reabsorption of phosphate, calcium—magnesium
ratio and calcium—oxalate ratio. The stones retrieved from
the patients were subjected to chemical analysis and FTIR
spectrographic analysis. They were categorized into pure
COM stones, pure COD stones, mixed COM+COD and
others. Of 142 pure calcium oxalate stone patients, 87 were
predominantly COM stone formers and 55 COD stone
formers. These data were analyzed using statistics program
SPSS 10.5. Comparison was made between the values of
the COM stone forming group and the COD stone forming
group using small sample Student #-test.

Results

The various biochemical values of the two groups of
patients are detailed in Table 1. Patients with COM stones
had significantly higher (P < 0.05) mean values for urine

calcium level (303.9 mg/day) compared to the calcium
level (267.3 mg/day) of the COD stone forming group. The
24 h urine oxalate level was also significantly higher
(106.7 mg/day) as against the value (72.3 mg/day) of the
COD patients (P <0.01). COD patients had significantly
low mean value (9.9 mg/day) for urine magnesium com-
pared to the value of 5.3 mg/day of the COM stone forming
patients (P < 0.05). COD patients had significantly higher
mean values for urine calcium—oxalate ratio (P < 0.01)
compared to COM. In addition, COD patients had signifi-
cantly high mean values for calcium—magnesium ratio
compared to COM patients (P <0.01). All other values
failed to show significant difference. The difference in bio-
chemical environment has a significant effect on the pattern
of crystallization of calcium oxalate stones. In those
patients who have comparatively higher values of urine
oxalate, there was higher chance of forming a COM type of
stone than COD, while in those who have lower values of
magnesium (which is an inhibitor), there was higher chance
of forming a COD type of stone than COM. Urine calcium
was high in both the groups without showing significant
variation from the mean. In patients with high cal-
cium—oxalate and calcium—magnesium ratios there was
higher chance of forming a COD stone than COM.

Discussion
Calcium and phosphate metabolisms were initially consid-

ered to be important in the process of calcium oxalate stone
formation [3]. However, with the passage of time, the interest

Table 1 Biochemical values

of the COM and COD groups No. Parameter COM group COD group T value P value
of stone patients 1 Urine calcium (mg/day) 303.9 267.3 2.67 <0.05
2 Urine phosphorus (mg/day) 2,650 2,340 1.74 NS
3 Urine uric acid (mg/day) 640.7 670.2 1.36 NS
4 Urine magnesium (mg/day) 9.9 53 2.65 <0.05
5 Urine creatinine (mg/day) 2.3 2.1 1.42 NS
6 Urine oxalate (mg/day) 106.7 72.3 3.03 <0.01
7 Urine citrate (mg/day) 3124 282.7 1.33 NS
8 Urine sodium (mEq/day) 310.6 269.4 1.74 NS
9 Urine potassium (mEq/day) 10.6 9.7 1.67 NS
10 Serum calcium (mg%) 9.3 9.7 1.45 NS
11 Serum phosphorus (mg%) 3.9 4.1 1.18 NS
12 Serum uric acid (mg%) 6.2 6.7 1.27 NS
13 Serum magnesium (mg%) 1.8 1.6 1.16 NS
14 Serum creatinine (mg%) 1.2 1.1 1.24 NS
15 Creatinine clearance (mg%) 108 99 1.73 NS
16 Tubular reabsorption of phosphate 79.4 83.6 1.26 NS
17 Calcium—magnesium ratio 37.6 57.2 3.48 <0.01
18 Calcium—oxalate ratio 3.1 4.6 6.61 <0.01
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of scientists in the two factors has gradually dwindled. The
findings of the present study appear to give a value for the
calcium metabolism. The higher calcium value in the COM
stone forming group shows the increasing importance of
calcium on the type of stone than the COD group.

Oxalate metabolism has been considered to have a major
involvement in calcium oxalate urinary stone formation
[4-6]. Oxalate first forms as calcium oxalate trihydrate in
the tubules, but before long, it gets dehydrated to calcium
oxalate dihydrate which is seen as a normal occurrence in
the human urine. If, however, the oxalate dihydrate crystal
stays longer in the tubular lumen, it gets further dehydrated
to monohydrate form and this is considered a pathological
entity in the human urinary deposit. The finding of the pres-
ent study confirms that the oxalate level in the urine is
higher in the COM group of stones indicating the role of
higher oxalate content in the formation of such stones.

Citrate is a very well-known inhibitor of calcium oxalate
stone formation. Much work has been done in calcium oxa-
late stones in general [7-11], but studies are not forthcom-
ing on the differences in the citrate levels between the COM
and the COD groups of stone formers. The findings of the
present study indicate that the citrate values are not very
different between the two groups of stone formers.

Magnesium is not considered as significant an inhibitor as
citrate. Much has been discussed in the past about the role of
magnesium in inhibiting stone formation and hence in the
management of stone disease [12-22]. However, recent litera-
ture does not give much thought on the role of magnesium.
The present findings in this study indicate that magnesium
would probably have a greater role in the formation of the
COD stones. The magnesium—calcium ratio has been reported
to be relevant in the causation of stone disease [23]. It appears
to be true considering the findings of the present study. A
higher calcium—magnesium ratio is an indicator of calculogen-
esis. The present study showed that this was higher in the COD
stone group. It is thus presumed that different types of stone
may form due to different mechanisms and in different individ-
uals. Hence prophylaxis of future stone formation should be
planned keeping all possible parameters under consideration.

Conclusion

It is important to differentiate the crystallization pattern of
the calcium stone which will help in selecting treatment
modalities. If urine oxalate value is high, then there is
higher chance of forming a COM stone and if urine magne-
sium value is low, then there is higher chance of forming a
COD stone. Therapy should be based on stone analysis
along with biochemical studies. Knowledge about stone
composition will help to predict the most probable cause of
the calculogenesis.
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