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Low Urine Citrate Excretion as Main
Risk Factor for Recurrent Calcium
Oxalate Nephrolithiasis in Males
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Abstract

To better define the relative role of metabolic factors in the recurrence of stone
formation, we studied the 24-hour urinary excretion of calcium (uCa), citrate
(uCit), oxalic acid (uOx) and uric acid (uUa) in 73 male patients with primary
calcium oxalate urolithiasis. According to the episodes of stone formation per
year, we identified 51 recurrent stone formers (RSF) and 22 single stone formers
(SSF). 20 normal adult males constituted the control group (C). uCa and uOx
were higher in RSF than in C, but quite similar in SSF and RSF. The only
difference between RSF and SSF was uCit, significantly lower (2.06 +1.04
mmol/24 h) in RSF than in SSF (3.22+1.18 mmol/24 h, p <0.001) and in C
(3.42 +1.33 mmol/24 h, p <0.001). Hypocitraturia (uCit <1.5 mmol/24 h) was
found in 16 of 51 RSF (31.4%) and in | of 22 SSF (4.5%). These data confirm that
high levels of uCa and uOx represent a risk factor for lithogenesis, but also
strongly indicate the low uCit excretion as the most important urinary abnor-
mality accounting for the recurrence of calcium oxalate stones.
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oxalic acid (uOx) and uric acid (uUa) was higher than in
females, while urinary citrate (uCit) excretion was lower

Idiopathic calcium oxalate nephrolithiasis is a multifac-
torial disease with likelihood of recurrence [l, 2). Some
metabolic abnormalities have been identified as risk fac-
tors: hypercalciuria{3-5), hyperoxaluria[6-8} and hyperuri-
curia [9]. A very important role in the lithogenic process,
even in absence of these conditions, was attributed to a
defective production of urinary inhibitors of stone forma-
tion, mainly hypocitraturia (10, 11]. Both in normal and stone
former males, the total amount of urinary calcium (uCa),

(12). Therefore, males have a higher risk for calcium oxalate
stone formation than females.

The aim of this investigation was to verify the role of
abnormalities in urine chemistry, as cause of recurrent
nephrolithiasis, for the practical purpose of identifying the
patients who need diet and/or medication to prevent stone
recurrences [13, 14]. The study was performed in adult males
to avoid sex-linked differences [12, 15, 16].
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Table 1. Results of 24-hour urinary excretion in male RSF, SSF
and C

RSF SSF C
uV, ml/24 h 2,021 £968* 1,897+ 1067 1495776
uCa, mmol/24 h 6.551+2.82¢% 680272 517177
uOx, mmol/24 h 0.31 £0.09* 0.28 +0.08 0.25+0.09
uUa, mmol/24 h 3.60£0.98 3.18x0.8! 3451069
uCit, mmol/24 h 206+ 1.04**/%*+ 320+ 1.18 342+1.33
uCr, mmol/24 h 13.6+3.1 13.7+£29 14.1£23

The results are expressed as mean £ SD.
*p <0.05; **p <0.001 vs. C; ***p<0.001 vs. SSF. uV = Urinary
Volume.

Table 2. Prevalence of metabolic abnormalities in male RSF, SSF
and C

RSF 51 SSF 22 Cc20
n % n % n %

Hypercalciuria

(uCa>7.5mmol/24h) 16 34 6 276 2 10
Hyperoxaluria

(uOx > 0.5 mmol/24 h) 4 78 0 0 0 0
Hyperuricuria

(uUa>4.2mmol/24h) 10 196 2 9 2 10
Hypocitraturia

(uCit< 1.5 mmol/24h) 16 k] I B 45 0 0

Table 3. uCit excretion in male hypercalciuric (uCa > 7.5 mmol/
24 h) and normocalciuric (uCa < 7.5 mmol/24 h) patients

uCa uCit p value
mmol/24 h mmol/24 h
Hypercalciuric patienis
RSF (n=16) 10.0£2.0 242+ 1.12 <001
SSF(n=6) 104+23 421 ¢ 1.1 ’
Normacalciuric patients
RSF (n=135) 48%1.6 1.90£0.97 <001
SSF (n=16) 54%1. 284+1.00 )

Patients and Methods

73 male patients suffering from primary calcium oxalate urolithia-
sis were examined. According to the clinical history, they were divided
into two groups: 51 patients, aged 40+ 11 years, who had formed 2 or
more stones in the 3 years preceeding the study and defined as
‘recurrent stone formers’ (RSF), and 22 subjects, aged 45+ 14 years,
who had had a single episode more than 2 years before, defined as
*single stone former’ (SSF). ’

Patients with primary hyperparathyroidism, medullary sponge
kidney disease and other diseases causing secondary urolithiasis
(obstructive uropathy, enteric hyperoxaluria, prolonged immobili-
zation, sarcoidosis, renal tubular acidosis and Paget’s disease) were
excluded. 20 normal males aged 3511 years formed the control
group (C). All the patients had normal renal function and no
evidence of urinary tract infections.

All subjects were studied as outpatients at the time of the entry in
our Center, with their usual diet and habits, and in absence of any
drug which might interfere with the studied parameters. While
almost all stone formers were given advice to increase their fluid
intake by the family physiciuan, their dietary calcium, oxalate and
purine intake did not change.

uCa, uOx, uUa, uCit and creatinine (uCr) excretion was mea-
sured on 2 consecutive days by using 24-hour urine collections. uCa
was measured with a Kontron autoanalyzer, uUa by enzymatic-co-
lorimetric assay, uOx and uCit by the enzymatic methods previously
described {17, 18). Relative supersaturation (RS) for calcium oxalate
was calculated using Marshall’s nomograms [19].

Results were expressed as mean £ SD. Statistical analysis was
performed by using the Student ‘t’ test for unpaired observations.
Values of p <0.05 were regarded as statistically significant.

Results

The mean values of the studied urinary parameters are
reported in table 1. The prevalence of metabolic abnormali-
ties is shown in table 2.

The only significant difference between RSF and SSF
was the daily uCit excretion (2.06+£1.04 and 3.22+1.18
mmol/24 h, respectively; p <0.001: table 1). uCit concen-
tration was also significantly lower in RSF than in SSF
(fig. 1). A significant difference (p<0.00l) was found
between RSF and C, while the difference in uCit concen-
tration between SSF and C was not statistically significant
(fig. 1).

Hypocitraturia (uCit < 1.5 mmol/24 h) was present in
16 of 51 RSF (31.4%) whereas it was found only in | of 22
SSF (4.5%) and in none of the controls (table 2).

Even when hypercalciuric and normocalciuric patients
were examined, the differences in uCit excretion were still
maintained. RSF showed lower uCit excretion than SSF,
suggesting an imbalance between uCa and uCit excretion
in the former (table 3). In fact, uCa/uCit ratio was mark-
edly higher in RSF (4.1+ 2.8 mmol) than in SSF (2.3
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Fig. 1. RS for calcium oxalate in RSF, SSF and C (a) and uCit
concentrations in the same groups (b).

0.8 mmol, p<0.005) and C (1.7+0.8 mmol, p<0.001).
A statistically significant difference was also detected
between SSF and C (p <0.05).

RS for calcium oxalate salt was similarin both RSF and
SSF, indicating no difference in urinary saturation, where-
as uCit concentration was much lowerin RSF than in SSF,
as it appears in figure 1. In C, the mean values of RS and
uCit concentration were higher (because of the smaller
urinary volume) than in RSF, but a statistically significant
difference was observed only for uCit concentration.

uCa was similar in RSF and SSF, being in both groups
higher than in C (table 1); the prevalence of hypercalciuria
(uCa> 7.5 mmol/24 h) was quite similar in RSF and SSF.
Hypercalciuria was also present in 10% of C (table 2).

uOx was higher in RSF than in C, but no difference was
detected versus SSF (table [). The prevalence of hyperox-
aluria was 7.5% in the RSF group.

The urinary excretion of uUa was similar in RSF, SSF
and in C (table 1). Hyperuricuria was found in 23.5% of
RSF, 9% of SSF and 10% of C, respectively (table 2).

Urinary volume was higherin RSFthanin C(table ). A
possible explanation may be the suggestion of a high fluid
intake by the family physician [20]. A slight, but not
statistically significant difference in urinary volume was
present between SSF and C (table 1).

Discussion

Stone formation is a complex and dynamic process
involving nucleation, growth and aggregation of crystals
(21, 22]. Abnormalities of metabolism and ion transport in
the kidney and intestine can modify urinary solute compo-
sition and favor stone formation.

Hypercalciuria, hyperoxaluria and hyperuricuria are
frequently associated with calcium nephrolithiasis [23].
However, these abnormalities do not necessarily cause uri-
nary stone formation. On the contrary, stone patients often
do not have any of these abnormalities.

The 24-hour excretion of uCa, uOx, uUa and urinary
volume were not different between RSF and SSF, as it
appears from our results, whereas lower uCit concentration
and absolute excretion were the only feature that distin-
guished male RSF from SSF, with a prevalence of hypoci-
traturia of 31.4% in the former versus 4.5% in the latter.

In RSF, urinary volume, uCa and uOx excretion were
higher than in C, while uCit was lower. In SSF, higher uCa
excretion was the only difference in comparison to normal
subjects.

These data confirm that high uCa and uOx excretions
are risk factors for calcium nephrolithiasis. Our results
point out also that a low excretion of uCit is the only
difference between recurrent and single calcium oxalate
stone formers. Subjects with a well-known cause of hypoci-
traturia, such as renal failure, complete tubular acidosis,
urinary tract infections or malabsorption syndrome were
excluded from our study, and the diet was quite similar in
all the studied groups. Indeed, the mechanism of hypoci-
traturia in RSF may be an enhanced tubular resorption of
citrate, as it was recently described (11, 24).

The urinary saturation for calcium oxalate salt was quite
similar in RSF, SSF and C. The mean values of RS in the
three groups was at the upper limit of metastability (fig. 1).
The reason may be the high water intake of RSF patients,
which, on the other hand, decreases uCit concentration,
worsening the inhibitory defect derived from the lower
daily uCit excretion. Theoretically, high fluid intake de-
creases urinary concentration of inhibitors and it could
eliminate the beneficial effect of reduced saturation. In-
stead, it has been demonstrated that high fluid intake exerts
a protective effect in the management of kidney stone
disease, because urinary dilution reduces calcium oxalate
crystal formation by lowering urinary saturation of compo-
nent ions, without any decrease in formation-product ratio
{20].

It is well known that one of the protective actions of
citrate on the calcium oxalate lithogenetic process is the
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complexation of calcium ions which decreases the calcium
oxalate activity product [15). Moreover, uCit exerts an inhi-
bitory activity on crystal growth and aggregation that is a
major mechanism of stone formation {25].

The importance of a calcium-citrate imbalance in urine
emerges also from the results shown in table 3, where uCitin
RSF is lower than in SSF, both in hypercalciuric and in
normocalciuric patients. Consequently, these results sug-
gest that a low uCit level is a serious risk factor not only in
absolute, but also in relation to uCa excretion [15].

In the present study, ulJa excretion seems not to be a
major risk factor. As a consequence of the high fluid intake,
its urine concentration is low, as well as the risk of uric acid
crystal formation. This finding is consistent with the obser-
vations of some clinical trials which failed to demonstrate a
real protection of allopurinol treatment against calcium

this study, however, no statistical difference was found
between RSF and SSF in uOx, although its mean value in
the former resulted higher than in the latter.

In conclusion, our results suggest that the measurement
of uCit excretion is of great importance in the study of
patients with calcium oxalate nephrolithiasis, and that die-
tary and/or pharmacological measures should be used to
correct hypocitraturia. Hypercalciuria is a common finding
in calcium oxalate urolithiasis, but its role as risk factor of
stone formation seems not to be critical [8], unless relatively
low uCit levels are not associated [15]. In this respect, it may
be reasonable to start thiazide therapy [26, 27} when high
uCa excretion is associated with low uCit levels and, in any
case, to use therapeutic measures to increase citraturia.
Potassium citrate may represent a new and reasonable way
to prevent calcium nephrolithiasis, alone or in association

oxalate stone recurrences {14].
Oxalic acid concentration is of critical importance in
causing oversaturation for calcium oxalate in urine (8]. In

with thiazides [28].
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