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Purpose: The target of our work was to study several biochemical parameters in phos-
pho-calcic and bone metabolism in blood and urine and the bone mineral density of wom-
en with recurrent calcium nephrolithiasis.

Materials and Methods: We conducted a cross-sectional study with a control group of
85 women divided into 3 groups: group 1 consisted of 25 women without a history of
nephrolithiasis, group 2 consisted of 35 women with only one episode of calcium neph-
rolithiasis, and group 3 consisted of 25 women with a history of recurrent calcium
nephrolithiasis. Blood and urine biochemical study was performed, including markers
related to lithiasis, and a bone mineral density study was done by use of bone
densitometry.

Results: Patients in group 3 showed statistically significantly elevated calciuria (15.4
mg/dL), fasting calcium/creatinine ratio (0.14), and 24-hour calcium/creatinine ratio
(0.21) compared with groups 1 and 2. Moreover, this group of women with recurrent
calcium nephrolithiasis had significantly elevated values of beta-crosslaps, a bone re-
sorption marker, compared with groups 1 and 2 (p=0.000) and showed more bone miner-
al density loss than did these groups.

Condusions: Recurrent calcium nephrolithiasis in women has a significant association
with bone mineral density loss and with values of calciuria, both fasting and 24-hour.
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INTRODUCTION

Nephrolithiasis is clinically more frequent during the third
and fourth decades of life, and the most common composi-
tion of stones is calcium. There is a male predominance of
incidence (ratio of 1.5-2 for men compared with women),
and the first event occurs later in women. Likewise, re-
current episodes are more frequent in men than in women,
with a ratio 1.5-1 (for men compared with women) [1].
Metabolic imbalances are thought to be more common in
men with recurrent nephrolithiasis in terms of hyper-
calciuria and hypocitraturia [2,3], and an understanding
of stone formation is important for knowing the diseases
responsible for recurrent calcium nephrolithiasis [4]. One
of the processes related to recurrent calcium neph-
rolithiasis is osteopenia/osteoporosis, which is described in
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60% of patients diagnosed with idiopathic calcium lithiasis
and hypercalciuria. It is also true that bone mineral density
may be reduced in patients with calcium stones and with-
out hypercalciuria [5]. This loss is measureable by bone
densitometry, which allows us to classify patients in the fol-
lowing categories according to the T-score: normal (>-1),
osteopenia (T-score between -1 and -2.5), osteoporosis
(<-2.5), and established osteoporosis (<-2.5 and fracture)
[6]. Another way to measure and indirectly diagnose bone
mineral density loss is by markers of bone formation and
resorption, which permit us to monitor and follow up pa-
tients after the establishment of an antiresorptive treat-
ment [7].

The target of our work was to study the relationship be-
tween recurrent calcium nephrolithiasis and bone mineral
density loss as well as to evaluate biochemical markers in
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the blood and urine of women with recurrent calcium
nephrolithiasis.

MATERIALS AND METHODS

This was a cross-sectional study with a control group. A to-
tal of 85 women were divided into three groups as follows:
group 1 consisted of 25 women aged between 30 and 60
years without calcium nephrolithiasis, group 2 consisted
of 35 women aged between 30 and 60 years with a history
of only one episode of calcium nephrolithiasis, and group
3 consisted of 25 women aged between 30 and 60 years with
recurrent calcium nephrolithiasis.

Women in group 1 were enlisted from among women who
consulted the outpatient department of urology at the San
Cecilio Hospital of Granada because of cystitis. Patients in
groups 2 and 3 were enrolled from the Department of
Urolithiasis and Endourology at the San Cecilio Hospital
of Granada. The study was assessed and approved by the
ethics committee of the hospital.

Imaging study was performed in all patients to diagnose
calcium nephrolithiasis. The imaging included renal and
bladder ultrasonography and conventional radiography
with or without intravenous pyelography.

We considered recurrent calcium nephrolithiasis as two
or more episodes of nephrolithiasis during 3 years or bi-
lateral nephrolithiasis [7]. All patients included in our
study maintained a balanced calcium diet (approximately
1,000 mg/d), which was controlled by anamnesis and diet-
ary recommendations.

The inclusion criteria were women aged between 30 and
60 years without nephrolithiasis, with only one episode of
nephrolithiasis, or with recurrent nephrolithiasis. The ex-
clusion criteria were as follows: women younger than 30
years or older than 60 years; women with established bone
disease; immobilized patients; women with noncalcium
nephrolithiasis; women with tumor pathology; women re-
ceiving thiazide, sodium bicarbonate, bisphosphonates,
calcium supplements, or vitamin D; and women with neph-
rocalcinosis, primary hyperparathyroidism, distal renal
tubular acidosis, or other pathologies that were seconda-
rily related to bone mineral density loss and nephro-
lithiasis.

1. Study variables

A chemical analysis was performed of the composition of
the stones of patients in groups 2 and 3. Biochemical analy-
sis was conducted of the following variables in blood col-
lected after the subjects had fasted for 8 hours: creatinine,
urea, uric acid, calcium, phosphorus, alkaline phospha-
tase, parathyroid hormone (PTH), osteocalcin, beta-cross-
laps, and vitamin D. Biochemical analysis of urine in-
cluded fasting and 24-hour calcium/creatinine ratio, crea-
tinine clearance, creatinine, calcium, phosphate, uric
acid, oxalate, citrate, chlorine/phosphorus ratio, calcium/
oxalate, and tubular reabsorption of phosphate. Bone den-
sitometry was performed by use of a QDR 4500 (Hologic,
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Bedford, MA, USA), which uses dual-energy X-ray absorp-
tiometry.

2. Statistical analysis

Unpaired, two-tailed Student’s t-tests were applied to com-
pare the mean values of quantitative variables, the
Kolmogorov-Smirnov test was used to examine the normal-
ity of their distribution, and the Levene test was used to
study the variance. The Mann-Whitney U test was used if
the variables were not normally distributed. Qualitative
variables were analyzed with the chi-square test or
Fisher’s exact test if at least one cell had an expected count
<5. Correlations among variables were studied by using
the Pearson coefficient or Spearman’s methods if the varia-
bles were non-normally distributed. Levels of the studied
parameters in the three groups were compared by use of
the analysis of variance test for multiple variables. The to-
tal 85 women were also divided into two groups according
to menopausal status (group A, nonmenopausal women;
group B, menopausal women), and differences in levels of
parameters between the two groups were determined by
using Student’s t-test. The proportion of patients without
nephrolithiasis to that with only one episode and that with
recurrent nephrolithiasis was compared by using the
chi-square test, taking p<0.05 to indicate statistical
significance. The SPSS ver. 17.0 (SPSS Inc., Chicago, IL,
USA) was used for the data analyses.

RESULTS

The average age of the patients was 43.4 years in group 1,
40.3 years in group 2, and 46.3 years in group 3, with no
statistically significant differences among the groups.

The calculi composition in groups 2 and 3 was as follows:
36% of stones composed of calcium oxalate-phosphate, 22%
composed of calcium phosphate, 21% composed of calcium
oxalate monohydrate, 10% composed of calcium oxalate di-
hydrate, and 11% composed of mixed calcium oxalate in
group 2 and 45% of stones composed of calcium ox-
alate-phosphate, 15% composed of calcium phosphate,
14% composed of calcium oxalate monohydrate, 12% com-
posed of calcium oxalate dihydrate, and 14% composed of
mixed calcium oxalate in group 3. There were no significant
differences between the groups.

We observed statistically significant differences in blood
biochemical parameters among the 3 groups: in levels of al-
kaline phosphatase (58.1 U/L in group 1, 59.8 U/L in group
2, and 78.9 U/L in group 3), intact PTH (PTHi; 43.7 pg/mL
in group 1, 46.7 pg/mL in group 2, and 64.7 pg/mL in group
3), and beta-crosslaps (0.335 ng/mL in group 1, 0.326 ng/mL
in group 2, and 0.519 ng/mL in group 3). These differences
in bone metabolism among the three groups were evident
in bone densitometry. There were statistically significant
differences in the T-score of the hip, neck of femur, and lum-
bar spine. These are shown in Table 1.

In the urinary analysis, statistically significant differ-
ences were found among parameters related to calcium ex-
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TABLE 1. Relationship among blood markers and results of the T-score
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Variable Group 1 (n=25) Group 2 (n=35) Group 3 (n=25) p-value

Age (y) 43415 40.3+9.5 46.3+12.8 0.184
Body mass index (kg/m?) 27.3+4.7 25.7+4.3 26.8+5.5 0.460
Creatinine (mg/dL) 0.8+0.,2 0.8+0.1 0.8+0.1 0.212
Uric acid (mg/dL) 4.6+1.1 4.1+0.9 4.5x1 0.154
Calcium (mg/dL) 9.2+0.4 9.1+0.4 9.3+0.5 0.636
Phosphorus (mg/dL) 3.4+0.4 3.1+0.4 3.2+0.4 0.195
Alkaline phosphatase (U/L) 58.1+15.9 59.8+13.9 78.9+45.3 0.014
PTHi (pg/mL) 43.7+14.8 46.7+16.4 64.7+24.3 0.000
Osteocalcin (ng/mL) 15+4.5 15.1+5.7 17.8+6.7 0.156
Beta-crosslaps (ng/mL) 0.335+0.105 0.326+0.108 0.519+0.244 0.000
Vitamin D (U/L) 18.3+4.2 20.8+4.5 22.9+6.5 0.442
Hip BMD (T-score) -0.3x1 -0.6+0.9 -1.1+0.9 0.029
Femoral neck BMD (T-score) -0.4+1 -0.4+0.7 -1.1+0.8 0.032
Lumbar spine BMD (T-score) -0.3+1.1 -0.6+0.9 -1.5+0.9 0.000

Values are presented as mean+standard deviation.

PTHi, intact parathyroid hormone; BMD, bone mineral density.

TABLE 2. Relationship among urinary markers

Variable Group 1 (n=25) Group 2 (n=35) Group 3 (n=25) p-value

Creatinine clearance (mL/min) 110.3+38.2 112.4+27.1 154.4+67.3 0.494
Calciuria (mg/dL) 10.1+6.8 15.4+6.2 15.4+7.7 0.010
Phosphaturia (mg/dL) 48.9+27.1 56.4+26.4 48.5+20.9 0.398
Uricosuria (mg/dL) 34.7+16.2 36.9+13.6 33.2+16.5 0.665
Oxaluria (mg/L) 16.4+7.9 19.2+10 18.4+8.6 0.512
Citraturia (mg/L) 457.5+352.4 453.3+311.9 240.8+174.1 0.014
Fasting Ca/creatinine 0.08+0.04 0.11+0.03 0.14+0.05 0.000
24-Hour Ca/creatinine 0.14+0.08 0.18+0.06 0.21+0.09 0.010
Chlorine/phosphorus 31+3.9 33.4+5.7 32.4+4.4 0.180
Phosphorus tubular reabsorption 83.9+4.7 84.4+4.2 83.1+5.1 0.546
Calcium/oxalate 0.8+0.8 0.9+0.5 1.1+0.8 0.420

Values are presented as mean+standard deviation.

cretion, such as calciuria (10.1 mg/dL in group 1, 15.4
mg/dL in group 2, and 15.4 mg/dL in group 3; p=0.01), fast-
ing calcium/creatinine ratio (0.08 in group 1, 0.11 in group
2, and 0.14 in group 3; p=0.000), and 24-hour calcium/crea-
tinine ratio (0.14 in group 1, 0.18 in group 2, and 0.21 in
group 3; p=0.01). In addition, citrate levels were sig-
nificantly lower in group 3 than in groups 1 and 2 (Table
2).

We divided the 85 patients according to menopausal sta-
tus into group A (nonmenopausal) and group B (menopau-
sal). We observed statistically significant differences in
terms of body mass index (24.7 in group A, 28.7 in group
B; p=0.000) and biochemical blood parameters. Specifi-
cally, uric acid, alkaline phosphatase, and PTHi were high-
er in group B. We also found statistically significant differ-
ences in levels of uric acid excretion and fasting and
24-hour calcium/creatinine ratios, which were higher in
group B, whereas tubular reabsorption of phosphate was
slightly but significant lower in group B than in group A
(Table 3). As shown in Table 4, no significant differences

in nephrolithiasis were found between menopausal and
nonmenopausal patients (p=0.212).

We observed a positive linear relationship between be-
ta-crosslaps and the fasting calcium/creatinine ratio
(r=0.359, p=0.001), between beta-crosslaps and osteo-
calcin (r=0.448, p=0.0001), and between PTH and the fast-
ing and 24-hour calcium/creatinine ratio (r=0.345, p=
0.002, and r=0.365, p=0.001, respectively).

DISCUSSION

Around 70% of patients with one episode of calcium neph-
rolithiasis experience a relapse during the first 10 years.
Thus, this population must be closely followed and, even
after this first episode, be evaluated with a complete meta-
bolic study because the rule is recurrence [8,9]. Some au-
thors defend that metabolic study and analysis of stone are
important for determining different profiles of lithogenic
risk, which allows for adequate treatment to be based on
risk [10]. In this sense, there are several articles about met-
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TABLE 3. Distribution of variables according to patient age
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Variable Nonmenopausal women (n=47) Menopausal women (n=38) p-value
Body mass index (kg/m?) 24.7+4.3 28.7+4.4 0.000
Serum creatinine (mg/dL) 0.8+0.1 0.8+0.2 0.253
Serum uric acid (mg/dL) 4.1+0.9 4.7+1.1 0.007
Serum calcium (mg/dL) 9.1+0.5 9.3+0.4 0.102
Serum phosphorus (mg/dL) 3.3+0.5 3.2+0.3 0.287
Alkaline phosphatase (U/L) 56.9+15.3 75.2+37.3 0.003
PTHi (pg/mL) 44.6+£19.8 59.5+18.2 0.001
Osteocalcin (ng/mL) 14.9+4.9 17.1+6.6 0.078
Beta-crosslaps (ng/mL) 0.372+0.154 0.401+0.209 0.475
Vitamin D (U/L) 29.5+4.8 24.3+6.5 0.078
Creatinine clearance (mL/min) 107.2+29.2 146.7+43.5 0.233
Calciuria (mg/dL) 13.8+7.2 13.9+7.2 0.930
Phosphaturia (mg/dL) 56.4+27.9 46.1+19.7 0.068
Uricosuria (mg/dL) 38.6+15.2 30.6+14.1 0.018
Oxaluria (mg/L) 18.7+8.7 17.5+9.4 0.550
Citraturia (mg/L) 376.8+241.3 408.7+373.1 0.646
Fasting calcium/creatinine 0.09+0.03 0.13+0.05 0.002
24-Hour calcium/creatinine 0.16+0.07 0.21+0.09 0.013
Chlorine/phosphorus 32+5.5 32+3.9 0.486
Phosphorus tubular reabsorption 84.7+4.5 82.6+4.6 0.041
Calcium/oxalate 0.8+0.5 1+0.8 0.306
Hip bone mineral density (T-score) -0.7+£0.8 -0.7+1.1 0.947
Femoral neck bone mineral density (T-score) -0.5+0.8 -0.8+0.9 0.070
Lumbar spine bone mineral density (T-score) -0.5+0.9 -1.1+1.1 0.033

Values are presented as mean+standard deviation.
PTHi, intact parathyroid hormone.

TABLE 4. Distribution of nephrolithiasic events according to
menopause

Group 1 Group 2 Group3 Total

Nonmenopausal women 16 (34) 21(44.6) 10 (21.4) 47
Menopausal women 11 (28.9) 13(34.2) 14(36.9) 38
Total 27 34 24 85

Values are presented as number (%). p=0.212 (chi-square test).

abolic alterations in patients with nephrolithiasis and as-
sessment of these according to age and sex. Lancina Martin
et al. [1] published in 2002 that women with calcium stone
disease have hypercalciuria as the most frequent metabol-
ic disorder and absorptive disorder as the most common of
these, although resorptive hypercalciuria was more preva-
lent in women than in men with a statistically significant
difference. Those authors described a calcium/creatinine
ratio in this group of women of 0.17, which is similar to the
value we obtained in our group of women with recurrent
calcium nephrolithiasis, both fasting and 24-hour (0.14
and 0.21, respectively). Meanwhile, Yagisawa et al. [2] pub-
lished a similar study that showed that urinary calcium ex-
cretion is the determining factor of the appearance of re-
current nephrolithiasis, a fact with which we agree. We
showed in our study that calciuria and the fasting and
24-hour calcium/creatinine ratio were significantly higher
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in the group with recurrent calcium nephrolithiasis. As
Spivacow et al. [11] and Vella et al. [12] remind us in their
work, monitoring patients by serial metabolic study is very
important, because 50% of these patients are going to show
metabolic alterations along years of evolution of stone
disease. A relationship between these metabolic changes
and bone metabolism has been established, and in some
cases, bone mineral loss is directly connected with neph-
rolithiasis, with the second being a consequence of the first.
Up to 60% of patients with calcium nephrolithiasis show
hypercalciuria, and many of them also show bone mineral
density loss, which could be caused by diet or by changes
in the balance of bone formation and resorption [5,13]. We
demonstrated a close relationship between recurrent
nephrolithiasis and bone mineral density loss, because
bone mineral density loss was significantly higher in group
3 than in groups 1 and 2. In addition, we showed a sig-
nificant increase in beta-crosslaps, a bone resorption
marker, in group 3. Although there were no significant dif-
ferences in calciuria between groups 2 and 3, bone re-
sorption was increased in group 3. This may have been due
to decreased calcium intake in these women, which would
result in hypocalcemia, increased PTH, and increased bone
resorption without an excessive increase in calciuria to
maintain serum calcium values. Tsuji et al. [14] observed
that stone-former patients with hypercalciuria suffer from
greater bone mineral density loss than do normocalciuric
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patients, especially when patients are more than 40 years
old, which is likely related to menopause. In this sense, af-
ter dividing our study group according to menopause
(menopausal and nonmenopausal women), we only found
differences in bone density loss of the lumbar spine
(p=0.033), although these patients did have differences in
bone density of the femoral neck that were close to being
statistically significant (p=0.07). However, we did not find
a higher incidence of recurrent nephrolithiasis in meno-
pausal patients (p=0.212). Giannini et al. [15] observed
that postmenopausal women with osteoporosis show hy-
percalciuria that is directly related to lumbar spine miner-
al density loss and recommend analysis of calciuria in these
patients. Moreover, a higher incidence of bone fractures
has been observed in patients with nephrolithiasis who
were treated with thiazide, which decreases urinary cal-
cium excretion and seems to prevent these fractures.

Nowadays, bone densitometry is considered the gold
standard for the diagnosis of osteoporosis [1,16], but recent
research has highlighted that measuring bone formation
and resorption markers could improve diagnosis. Several
lines of research have shown that bone markers are in-
creased even in the premenopausal period without evident
changes in bone mineral density loss as shown by densi-
tometry [5]. These markers could be useful for diagnosis;
in fact, we highlighted in our study that alkaline phospha-
tase and beta-crosslaps were significantly higher in group
3 (patients with recurrent calcium nephrolithiasis), which
was the group of women with higher bone mineral density
loss. Although it is not written in guides, these markers
could be used for monitoring patients with osteopenia/os-
teoporosis who are treated with antiresorptive therapy
[17,18].

As we have observed, an accurate assessment of the met-
abolic factors that trigger stone disease will help us to take
steps in prevention or treatment and in managing the sta-
bilization of stone disease and bone mineral density.
Tiselius [19] established a group of preventive recom-
mendations about eating habits that decrease disease re-
lapse . If we specifically refer to hypercalciuria, treatment
with thiazide has shown efficacy in these patients [20,21],
and if the patients also show associated bone mineral den-
sity loss, they can profit from monotherapy or combined
treatment with bisphosphonates [22,23].

We have shown a relationship between increased uri-
nary calcium and bone mineral density loss. In a cross-sec-
tional study, it is difficult to establish causality. As a hy-
pothesis for future studies, we can establish that the loss
of calcium by the kidneys produces hypocalcemia, which is
corrected by an increase in PTHi with a consequent in-
crease in bone resorption. However, hypercalciuria due to
renal calcium loss is rare and it is more logical to think that
a decrease in calcium intake results in hypocalcemia and
increased bone resorption mediated by PTH. It will be im-
portant to address these two hypotheses in future studies
of patients with prolonged follow-up.
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CONCLUSIONS

Women with recurrent calcium nephrolithiasis show bone
mineral density loss that is revealed by the presence of high
calciuria, as in fasting and 24-hour urine. Moreover, these
patients show higher levels of beta-crosslaps, a bone re-
sorption marker that is related to higher fasting calciuria
levels and higher bone mineral density loss. Accurate diag-
nosis is very important to make treatment and monitoring
easier in these patients.
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