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and bone metabolism and lithogenic risk factors in fasting 
urine samples and 24-h urine samples were performed. Sta-
tistical analysis was carried out with SPSS 17.0. A p ≤ 0.05 
was considered statistically significant.
Results Patients in Group 2 presented greater loss of bone 
mineral density and more elevated alkaline phosphatase, 
iPTH, phosphorous and β-crosslaps levels, as compared to 
patients in Group 1. However, Group 1 presented greater 
urine calcium, oxalate and uric acid and a higher propor-
tion of hypocitraturia, hypercalciuria and hyperoxaluria, 
as compared to Group 2. Multivariate analysis revealed 
that advanced age and β-crosslaps levels are risk factors 
for bone mineral density loss, while low urinary calcium 
excretion was protective against bone demineralization.
Conclusion Patients with osteopenia/osteoporosis without 
lithiasis present some urinary biochemical alterations. This 
would explain the lack of lithogenic activity, although low 
calcium excretion in 24-h urine samples is a protective fac-
tor against the loss of bone mineral density.

Keywords Calcium lithiasis · Osteopenia · Osteoporosis · 
Urinary metabolic analysis · Calcium–phosphorous 
metabolism

Introduction

Idiopathic calcium kidney stones are associated with hyper-
calciuria and produce bone mineral density loss in a signifi-
cant proportion of patients [1]. The factor most related with 
the bone mineral density loss and with alterations in bone 
remodeling markers is fasting hypercalciuria, defined as a 
fasting calcium/creatinine ratio greater than 0.11 [2]. Up to 
54 % of patients with calcium stones present osteopenia, 
while 14 % present osteoporosis [3]. The risk of osteoporotic 

Abstract 
Purpose Recurrent kidney stones are associated with bone 
mineral density loss, altered bone remodeling markers, hyper-
calciuria and increased in fasting calcium/creatinine ratio. The 
objective was to determine biochemical alterations in urine in 
patients with osteopenia/osteoporosis without calcium kidney 
stones compared with patients with calcium kidney stones.
Methods This is a cross-sectional study including 142 
patients who were divided in two groups: Group 1 (patients 
with recurrent calcium kidney stones) and Group 2 (patients 
with osteopenia/osteoporosis in the lumbar spine or hip). 
Analyses of bone mineral density, calcium–phosphorous 
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bone fracture is increased with the presence of stones. There-
fore, calcium kidney stones can be considered a risk factor 
for osteoporotic fracture [4]. The diagnosis of bone min-
eral density loss in patients with lithiasis can measure using 
dual-energy X-ray absorptiometry that calculate bone den-
sity, although bone remodeling marker levels—which can be 
measured in urine or blood samples—can be used to follow 
up these patients due to bone densitometry is recommended 
every 2 years. The bone remodeling markers have been ele-
vated in patients with osteopenia/osteoporosis and stones; 
however, dual-energy X-ray absorptiometry is the gold stand-
ard test to diagnose bone mineral density loss [5–9].

A previous study demonstrated that patients with recur-
rent kidney stones and severe lithogenic activity presented 
a high percentage of bone mineral density loss, which can 
reach 50 % of osteopenia in the hip and up to 70 % in the 
lumbar spine [10]. The bone resorption marker, β-crosslaps 
and fasting calcium/creatinine ratio are generally elevated in 
these patients [9, 11]. We observed in other study that a high 
proportion of patients with lithiasis and osteopenia/osteo-
porosis presented hypercalciuria and an elevated fasting 
calcium/creatinine ratio [10]. This is consistent with previ-
ous studies that indicated a fasting calcium/creatinine ratio 
above 0.25 represents a 3.8-fold increase in the risk of bone 
mineral density loss in patients with kidney stones [7].

Therefore, it seems to be a clear relationship between 
recurrent calcium kidney stones and bone mineral density 
loss. However, patients with bone mineral density loss do not 
necessarily develop stones, which led us to analyze and com-
pare the essential biochemical differences between a group of 
patients with calcium kidney stones versus a group of patients 
with osteopenia/osteoporosis in the lumbar spine or hip.

The objective was to determine biochemical alterations 
in urine in patients with osteopenia/osteoporosis without 
calcium kidney stones compared with patients with cal-
cium kidney stones.

Materials and methods

Study groups

A cross-sectional study was performed from January 2013 
to December 2013 including 142 patients from Eastern 
Andalusia, Spain, who were divided in two groups:

Group 1: A total of 75 patients with a diagnosis of recur-
rent kidney stones aged 18–70 years.
Group 2: A total of 67 patients with a diagnosis of osteo-
penia/osteoporosis aged 18–70 years.

Inclusion criteria: Men and women aged 18–70 years 
(calcium stones is more frequent in this range of age) with 

recurrent calcium lithiasis or osteopenia/osteoporosis. 
Recurrent calcium stones are related to bone mineral den-
sity loss and with bone metabolic disorders. Recurrent cal-
cium stones are considered patients with two or more epi-
sode of calcium stones in different period of time.

Exclusion criteria: Patients aged <18 or >70 years, con-
genital bone disease, congenital kidney disease, hyperpar-
athyroidism, inflammatory bowel disease, renal tubular 
acidosis, biphosphonate treatment, hormone replacement 
therapy, thiazide therapy, potassium citrate therapy, cor-
ticosteroid therapy and calcium and Vitamin D therapy or 
any possible situation which may interfere calcium metabo-
lism (e.g., immobilization syndrome).

Methods

All patients were submitted to anamnesis, physical exami-
nation and measurement of weight, height, BMI and blood 
pressure. Bone mineral density was assessed by dual-
energy X-ray absorptiometry.

Subsequently, serum and urinary biochemical analyses 
were performed along with bone densitometry of the femur 
and lumbar spine.

•	 Blood tests: Creatinine, uric acid, sodium, potassium, 
chlorine, calcium, phosphorous, intact parathyroid hor-
mone (PTHi), alkaline phosphatase, osteocalcin1 and 
β-crosslaps.2

•	 Fasting urine tests: Density, pH, calcium, creatinine, 
oxalate, citrate, uric acid, calcium/creatinine.

•	 24-h urine tests: Diuresis volume, creatinine, urea, 
uric acid, sodium, potassium, chlorine, calcium, phos-
phorous, citrate, oxalate, calcium/creatinine, calcium/
citrate. Hypercalciuria defined as urinary excretion of 
more than 260 mg per day; hypocitraturia defined as 
urinary excretion of less than 320 mg per day; hyperox-
aluria defined as urinary excretion of more than 40 mg 
per day; and hyperuricosuria defined as urinary excre-
tion of more than 750 mg per day.

•	 Bone densitometry by dual-energy X-ray absorptiom-
etry using Hologic QDR 4500 equipment.

Statistical analysis

Student’s t test was performed for qualitative–quantita-
tive variable analysis. Chi-square test and binary logistic 
regression were performed for qualitative variable analysis. 

1 Determined by schimioiluminescence using the automatic analyzer 
LIAISON-Osteocalcin (DIASORIN).
2 Determined by schimioiluminescence immunoassay “ECLIA” 
using the automatic analyzer Elecsys MODULAR ANALYTICS 
E170—(Roche Diagnostic).
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Results were obtained by OR, with a 95 % confidence 
interval. The Kolmogorov–Smirnov test was performed to 
attest the normality of the variables; variance analysis was 
performed by Levene’s test. A p ≤ 0.05 was considered 
statistically significant. Statistical analysis was carried out 
using SPSS 17.0 for Windows.

Ethical considerations

Informed consent was obtained from all patients. This 
study was approved by the Ethics Committee of the San 
Cecilio University Hospital, Granada, Spain, and was 
performed with the financial support of the Fundación 
Progreso y Salud (Andalusian Regional Government, 
Spain).

Results

The mean age was 43.08 ± 11.59 in Group 1 and 
51.88 ± 11.27 in Group 2 (p = 0.0001). Men and women 
were similarly distributed (39 men/36 women in Group 1 
and 35 men/32 women in Group 2).

Bone densitometry (see Table 1) revealed a greater loss 
of bone mineral density either in the femur or in the lumbar 
spine in Group 2 versus Group 1. In relation to serum cal-
cium–phosphorous metabolism, we observed that patients 
in Group 2 presented higher alkaline phosphatase, PTHi, 
β-crosslaps levels and phosphorous levels, compared with 
Group 1 (Table 1).

In the 24-h urine samples, a higher urine calcium, oxa-
late and uric acid excretion in Group 1 versus Group 2 was 
observed (Table 2). In fasting urine samples, higher urine 
oxalate excretion and lower citrate excretion in Group 1 
versus Group 2 were observed (Table 2).

In relation to biochemical alterations in urine, according 
to Table 3, Group 1 presented a higher percentage of hyper-
calciuria, hyperoxaluria and hypocitraturia than Group 2 
(Fig. 1).

A sub-analysis was performed in group 1 dividing 
patients according to the presence or not of osteopenia/
osteoporosis (T score < −1), noting that patients with 
osteopenia/osteoporosis with kidney stones have higher 
urinary calcium levels versus patients with kidney stones 
without osteopenia/osteoporosis (283.3 ± 112.3 vs. 
224.5 ± 127.3, respectively; p = 0.04). There have been no 
statistically significant differences in levels of citrate, oxa-
late and urinary uric.

Multivariate binary logistic regression analysis revealed 
that increased β-crosslap levels and an advanced age are 
independently related with the bone mineral density loss, 
while a low 24-h urine calcium excretion is protective 
against bone demineralization.

Discussion

Recurrent calcium kidney stones are associated with 
bone mineral density loss [1], altered bone remodeling 
markers, hypercalciuria [12], hypocitraturia and an 
increased calci um/creatinine ratio in 24-h urine samples 
[13]. Some studies [6] indicate that there is a statisti-
cally significant negative correlation between urine cal-
cium excretion and Z score densitometry changes in the 
femoral neck after a 3-year follow-up. This confirms that 
hypercalciuria might be a predictive factor of bone min-
eral density loss in the femoral neck. This is consistent 
with the results obtained in our study due to multivariate 

Table 1  Serum (S.) variables and bone densitometry score (T score 
and Z score) comparing both groups (Student’s t test)

Group 1 Group 2 p

T score lumbar spine −0.99 ± 0.96 −2.27 ± 0.72 0.0001

Z score lumbar spine −0.56 ± 0.93 −1.41 ± 1.05 0.0001

T score hip −0.39 ± 0.89 −1.2 ± 0.77 0.0001

Z score hip −0.08 ± 0.93 −0.46 ± 0.93 0.027

T score femoral neck −0.63 ± 0.80 −1.57 ± 0.72 0.0001

Z score femoral neck −0.08 ± 0.82 −0.69 ± 0.88 0.0001

S. Alkaline phosphatase (U/l) 63.64 ± 18.73 70.74 ± 18.99 0.027

S. calcium (mg/dl) 9.53 ± 0.52 9.57 ± 0.38 0.664

S. phosphorus (mg/dl) 2.91 ± 0.52 3.30 ± 0.54 0.0001

S. iPTH (pg/ml) 46.82 ± 20.18 53.81 ± 18.91 0.036

S. osteocalcine (ng/ml) 17.34 ± 6.30 18.71 ± 8.75 0.280

S. β-crosslaps (ng/ml) 0.45 ± 0.19 0.56 ± 0.20 0.001

S. 25-OH vitamin D (ng/ml) 27.58 ± 8.87 28.93 ± 10.18 0.415

S. β-crosslaps/osteocalcine 0.027 ± 0.008 0.032 ± 0.011 0.0001

Table 2  24-h and fasting urine lithogenic factors comparing both 
groups (Student’s t test)

Group 1 Group 2 p

Creatinine clearance  
(ml/min)

114.18 ± 45.27 102.94 ± 33.80 0.099

Calcium/creatinine 24 h 0.18 ± 0.07 0.17 ± 0.07 0.169

Phosphate tubular  
resorption 24 h (%)

81.24 ± 8.53 83.63 ± 4.82 0.050

Fasting calcium (mg/dl) 16.52 ± 8.76 15.14 ± 7.27 0.321

Fasting calcium/ 
creatinine

0.16 ± 0.06 0.16 ± 0.05 0.955

Fasting oxalate (mg/dl) 1.48 ± 1.30 1.11 ± 0.68 0.044

Fasting citrate (mg/dl) 30.09 ± 15.04 42.32 ± 26.39 0.001

Fasting uric (mg/dl) 31.34 ± 12.70 34.57 ± 18.48 0.20

Calciuria mg 24 h 269.98 ± 119.49 207.06 ± 98.12 0.001

Oxaluria mg 24 h 29.83 ± 24.41 22.11 ± 16.49 0.031

Citraturia mg 24 h 537.72 ± 292.64 617.64 ± 315.86 0.121

Uricosuria mg 24 h 587.24 ± 222.20 511.91 ± 167.06 0.025

Calcium/citrate 24 h 0.63 ± 0.46 0.56 ± 1.08 0.585
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analysis revealed that a low urine calcium excretion is a 
protective factor against the bone mineral density loss. 
Therefore, calciuria plays an essential role in the patho-
genesis of osteopenia/osteoporosis and should be con-
sidered in the diagnosis of patients although they have 
no calcium kidney stones. It is evident that the presence 
of osteopenia/osteoporosis—which is present in a sig-
nificant proportion of recurrent calcium stones patients 
with hypercalciuria [14]—does not determine lithogen-
esis by itself. In this study, patients in Group 2 presented 
a lower proportion of alterations in lithogenic urinary 
factors, versus Group 1. Hypercalciuria was found in 
50.4 % of patients in Group 1, while it was present in 
25 % of patients in Group 2, and it was the most fre-
quent lithogenic risk factor presented. It is notable that 
we are talking about fasting hypercalciuria, due to the 
increased fasting calcium/creatinine ratio in both groups. 
This is associated in most cases with an intrinsic bone 
disorder that may represent a fourfold increase in the 
risk of fracture in patients with hypercalciuria and lithia-
sis [15]. Consequently, hypercalciuria is the most impor-
tant lithogenic factor, and it is associated with the bone 
mineral density loss when it is not related with diet [16, 
17]. In agreement with previous studies performed by 

our research group [1, 18], we did not observe a clear 
and direct influence of iPTH and Vitamin D on calcium 
stones or bone mineral density. Nevertheless, iPTH 
was slightly higher in Group 2, but within normal lim-
its. However, bone remodeling markers—especially the 
resorption marker β-crosslaps—were increased in both 
groups above the threshold (0.311 ng/ml) established 
in other studies [19]. So, although we found no altera-
tions in Vitamin D levels, we cannot deny that there 
might be an increase in Vitamin D receptors’ sensitiv-
ity, as other studies indicate [20–22]. This sensitivity 
would condition the loss of bone mineral density due to 
increased bone resorption. Hypocitraturia is another risk 
factor that affects 25 % of patients with calcium kidney 
stones. However, it is only found in 7.5 % of patients 
with osteopenia/osteoporosis. We have observed in other 
studies [13] that low urine citrate levels are an impor-
tant determinant of bone mineral density loss and lithi-
asis. This is probably due to a latent state of metabolic 
acidosis that produces citrate consumption as a buffer 
effect. Hyperoxaluria is the third most frequent meta-
bolic alteration in urine in Group 1 patients, where it is 
increased in 21 % of patients, versus 9 % in Group 2 
patients. Finally, we observed that patients in Group 2 
presented fewer alterations in the urine metabolic analy-
sis, with a low percentage of hypercalciuria and hyper-
oxaluria, and a very low percentage of hypocitraturia. 
This means that we found no important urinary altera-
tions that conditioned the presence of stones. However, 
multivariate analysis revealed that low urine calcium 
excretion is a protective factor against bone mineral den-
sity loss; therefore, it should be considered at diagnosis, 
due to increased calciuria, and its ratios (calcium/creati-
nine and calcium/citrate) may produce the appearance of 
stones and the gradual bone mineral density loss. This 
study revealed the importance of calciuria in patients 
with osteopenia/osteoporosis without stones, because, 
probably the hypercalciuria was the first phenomenon 
previously to appear the calcium stones. However, is 
necessary to perform a prolonged follow-up to deter-
mine exactly whether osteopenia/osteoporosis, hyper-
calciuria and later stones are the correct order about the 
physiopathology of calcium stones related to bone min-
eral density loss.

Conclusion

Patients with osteopenia/osteoporosis without lithiasis 
present some urinary biochemical alterations. This would 
explain the lack of lithogenic activity, although low cal-
cium excretion in 24-h urine samples is a protective factor 
against the loss of bone mineral density.

Table 3  Percentage of patients of both groups having hypercalciuria, 
hyperoxaluria, hyperuricosuria and hypocitraturia (Chi-square test)

Group 1 (%) Group 2 (%) p

Hypercalciuria (>260 mg 24 h) 50.7 25.4 0.002

Hyperoxaluria (>40 mg 24 h) 21.3 9 0.04

Hypocitraturia (<320 mg 24 h) 25.3 7.5 0.005

Hyperuricosuria (>750 mg 24 h) 17.3 12.8 0.14

Fig. 1  Percentage of patients in both groups with hypercalciuria 
(>260 mg/24 h), hypocitraturia (<320 mg/24 h), hyperuricosuria 
(>750 mg/24 h) and hyperoxaluria (>40 mg/24 h)
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