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ABSTRACT
Objectives. This paper aims to examine 
the risk of nephrolithiasis in patients 
with osteoporosis and calcium supple-
mentation.
Methods. This work is based on the  
systematic review of studies retrieved by 
a sensitive search strategy in Medline 
and Embase (1991–2010), and the 
Cochrane Central register of Control-
led Trials (CENTRAL) up to 2010. The 
abstracts of the annual scientific meet-
ings of the American College of Rheu-
matology (ACR) and the European 
League Against Rheumatism (EULAR) 
(2008–2010) were also examined. The 
selection criteria were the following: 
patients with osteoporosis, on calcium 
supplementation alone or associated 
with other treatments for osteoporosis. 
We measured the likelihood of develop-
ing kidney stones, renal colic, changes 
in urinary sediment and serum param-
eters. We selected systematic literature 
reviews, randomised clinical trials 
(RCT) and cohort studies.
Results. We included 10 studies, 8 
RCT and 2 cohort studies of moderate 
quality. All patients had osteoporosis 
(>8.000 patients), they were mostly 
women with a mean age of 50–70 years. 
Daily calcium doses varied from 120 
mg up to 1.500 mg, and treatment du-
ration from 3 days to 3 years. Changes 
in urinary sediment were found, but in 
general they were not clinically rel-
evant. No cases of nephrolitiasis were 
found in more than a half of the includ-
ed studies. In total there were 3 cases 
of kidney stone, 2 urinary tract calci-
fications, 16 cases of nephrolithiasis 
or urolithiasis, 4 of haematuria and 5 
patients reporting kidney pain. 
Conclusion. According to our results, 
calcium supplements in the treatment 
of osteoporosis alone or in combina-
tion with another type of treatment 
does not significantly increase the risk 
of nephrolithiasis or renal colic. 

Introduction 
Osteoporosis is a disorder of bone char-
acterised by reduced bone mass and 
increased fracture risk. Therapeutic 
regimens for osteoporosis include cal-
cium supplementation, with or without 
vitamin D, alone or associated with 
other treatments (including calcitonin, 
raloxifene, biphosphonates, teriparatide, 
strontium ranelate, denosumab and so 
forth) (1-7). 
The use of oral calcium supplementa-
tion for prevention and treatment of 
osteoporosis and osteopoenia is increas-
ing. However, there is concern about the 
safety of calcium supplement, since it 
may cause hypercalciuria and may in-
crease the risk of nephrolithiasis (8, 9). 
Nephrolithiasis is a complex process, 
resulting from interactions among mul-
tiple factors. The increase in urinary 
calcium is not always associated with an 
increase in the risk of nephrolithiasis, if 
alterations in other relevant urinary con-
stituents are in the opposite direction. 
Recent studies, on the other hand, have 
shown that high dietary calcium intake 
or supplements are associated with a 
lower incidence of symptomatic stone 
disease (10). This beneficial effect is 
presumably due in part to an increased 
binding of calcium with oxalate in the 
intestine, leading to decreased oxalate 
absorption and excretion (11, 12). The 
decrease in urinary oxalate may com-
pensate the effect of hypercalciuria on 
calcium oxalate stone formation. But, 
on the other hand, some studies (9) have 
reported an increased risk of calcium 
stone formation with oral calcium sup-
plementation. 
The aim of this study was, therefore, 
to systematically review the literature 
available on the use of calcium supple-
ments in osteoporosis and the risk of 
nephrolithiasis. This information was 
afterwards examined and used by the 
experts of the Spanish Society of Rheu-

Review

Calcium supplementation and kidney stone risk in osteoporosis: 
a systematic literature review

G. Candelas1, J.A. Martinez-Lopez2, M.P. Rosario3, L. Carmona4, E. Loza3 



955

REVIEWCalcium supplementation and kidney stone risk in osteoporosis / G. Candelas et al.

matology Consensus of osteoporosis to 
generate clinical practice recommenda-
tions for rheumatologists.

Methods 
As a part of the Spanish Society of 
Rheumatology Consensus of osteoporo-
sis, a systematic literature review was 
performed to address the experts’ ques-
tion on the use calcium supplements 
in osteoporosis and the risk of nephro-
lithiasis. A protocol of the review was 
established and further advice from the 
complete team of the Consensus was 
obtained.

Search strategy
The studies were identified by sensi-
tive search strategies in the main bib-
liographic databases (Table I). For this 
purpose, an expert librarian collaborat-
ed and checked the search strategies.
The following bibliographic databases 
were screened as follows: Medline and 
Embase from 1991 to 20th July 2010, 
and the Cochrane Central register of 
Controlled Trials (CENTRAL) up to 
20th July 2010. The abstracts of the an-
nual scientific meetings of the American 
College of Rheumatology (ACR) and 
the European League Against Rheuma-
tism (EULAR) from 2008 to 2010 were 
also examined. There were no language 
limitations. All the retrieved references 
were managed in Endnote X.2. In the 
end, a hand search was completed by 
reviewing the references of the included 
studies, and all the publications or other 
information provided by the experts re-
lated to the systematic review were also 
examined.

Selection criteria
The studies retrieved by the above 
strategies were included if they met the 
following pre-established criteria. The 
patients studied had to be diagnosed 
of osteoporosis (all ages, both sexes, 
any cause), and they had to be taking 
oral calcium supplements (any kind of 
preparation) alone or associated with 
other treatments for osteoporosis. We 
measured the likelihood of having renal 
colic and oxalate or calcium phosphate 
kidney stones (whether or not it caused 
renal colic), the AP(CaOx) index, 
which is an index that measures the risk 

of developing kidney stones, changes in 
urinary sediment (uric calcium, phos-
phate, uric acid, oxalate uric pH), alka-
line phosphatase (ALP) and other ad-
verse events. We included in the search 
for systematic reviews randomised 
clinical trials (RCT) and cohort studies. 
We excluded articles on cancer or other 
disease other than osteoporosis, animal 
and basic science studies, and studies 
on calcitriol.

Screening of studies, data collection 
and analysis
Two reviewers (G. Candelas and J.A. 
Martinez-Lopez) screened the titles and 
abstracts of the retrieved articles for 
selection criteria independently. This 
process was done in 20-minute ses-
sions. The two reviewers collected the 
data from the studies included by using 
ad hoc standard forms.
All collection was double by article and 
independent. Both reviewers entered the 
data from the forms into spreadsheets. 
If, while doing this, the reviewers found 
any discrepancy between them, then a 
consensus was reached by looking at 
the original article or by asking a third 
researcher (E. Loza). Articles that did 
not fulfil all the inclusion criteria or that 
had insufficient data were excluded. 
To grade the quality, we used a modifica-
tion of the Oxford Centre for Evidence-
based Medicine Levels of Evidence in 
its May 2001 update (13) including the 
following: 1a) systematic reviews of 
RCT with homogeneity; 1b) individual 
RCT with narrow confidence intervals; 
1c) trials in which all patients get harm 
or none does; 2a) systematic reviews of 
cohort studies with homogeneity; 2b) 
individual cohort study, or low quality 
randomised controlled trials; 2c) “out-
comes” research and ecological studies; 
3a) systematic reviews of case-control 
studies with homogeneity; 3b) individ-
ual case-control study; 4) case-series 
and poor quality cohort and case-con-
trol studies; and 5) expert opinion with-
out explicit critical appraisal, or based 
on physiology, bench research or “first 
principles”. 
Evidence tables were produced. Meta-
analysis was only planned in case 
enough homogeneity was present 
among the included studies.

We estimated the incidence rate (IR) of 
nephrolitiasis or urolithiasis (whether 
or not it caused renal colic) due to cal-
cium supplementation per 1.000 pa-
tient-years, with 95% confidence inter-
vals (95%CI) combining all studies.

Results 
The result of the search strategies is 
presented in Table I by specific terms, 
and in total in Figure 1. We found 46 
articles that were studied in detail be-
cause by title or abstract they seemed 
to be related to the study, or because 
they had no abstract to review. Table II 
shows the studies that were excluded 
after detailed review and the reasons 
for exclusion. Finally, 10 studies were 
included (Table III), of which 8 RCT 
(quality level 2a-b) and 2 cohort studies 
(quality level 2b-c), and their data re-
trieved. Table III shows the main char-
acteristics of the included studies. 
Related to the studies population, all 
patients had osteoporosis (>8.000 pa-
tients), mostly were women with mean 
ages around 50–70 years. Daily supple-
ments intake of calcium varied from 
120 mg up to 1.500 mg, and treatment 
duration from 3 days to 3 years. Most 
articles analysed different treatment 
strategies and all measured the abnor-
mal serum and urinary markers of bone 
metabolism and registered nephrolithi-
asis cases. Using data from all the in-
cluded studies, the incidence rate of 
nephrolitiasis or urolithiasis (whether or 
not it caused renal colic) due to calcium 
supplementation was 0.75 per 1.000 
persons/year (95%CI 0.41–1.40).
Another author (quality level 2 b-c) (14) 
analysed the risk of nephrolithiasis with 
calcium supplements (625 mg/d) alone 
or associated with estrogen therapy. 
No significant change0s were found in 
urinary calcium, oxalate, or citrate com-
pared with baseline in any group. The 
urinary excretion of phosphate was sig-
nificantly reduced in both groups, but 
the ratio calcium/citrate and AP (CaOx) 
did not change. There were no cases of 
nephrolithiasis.
In a double-blind placebo-controlled 
RCT (quality level 1c) (15), the effect 
of vitamin D 800 IU/d and calcium sup-
plements 1.000 mg/d in combination or 
alone was analysed. No serious adverse 
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#
9
8
7
6

5

4

3

2

1

Results
194

3.422.381
460

1.533.210

1.261.916

1.073.910

36.706

440.597

280.220

Strategy search and terms  
(#7) AND #8 
((#4) OR #5) OR #6 
((#1) AND #2) AND #3 
“Review “[Publication Type] AND Review, Systematic OR Review, Multicase OR Review Literature OR Review, Academic OR Review 
of Reported Cases 
((((“Cohort Studies”[Mesh] OR Cohort Study OR Studies, Cohort OR Study, Cohort OR Concurrent Studies OR Studies, Concurrent OR 
Concurrent Study OR Study, Concurrent OR Historical Cohort Studies OR Studies, Historical Cohort OR Cohort Studies, Historical OR 
Cohort Study, Historical OR Historical Cohort Study OR Study, Historical Cohort OR Analysis, Cohort OR Analyses, Cohort OR Cohort 
Analyses OR Cohort Analysis OR Closed Cohort Studies OR Cohort Studies, Closed OR Closed Cohort Study OR Cohort Study, Closed 
OR Study, Closed Cohort OR Studies, Closed Cohort OR Incidence Studies OR Incidence Study OR Studies, Incidence OR Study, Inci-
dence)) OR (“Longitudinal Studies”[Mesh] OR Longitudinal Study OR Studies, Longitudinal OR Study, Longitudinal OR Longitudinal 
Survey OR Longitudinal Surveys OR Survey, Longitudinal OR Surveys, Longitudinal)) OR (“Follow-Up Studies”[Mesh] OR Follow Up 
Studies OR Follow-Up Study OR Studies, Follow-Up OR Study, Follow-Up OR Followup Studies OR Followup Study OR Studies, Fol-
lowup OR Study, Followup)) OR (“Prospective Studies”[Mesh] OR Prospective Study OR Studies, Prospective OR Study, Prospective) 
(((((((((“Clinical Trial “[Publication Type] OR “Clinical Trial, Phase I “[Publication Type]) OR Clinical Trial, Phase 1 OR “Clinical Trial, 
Phase II “[Publication Type]) AND Clinical Trial, Phase 2 OR “Clinical Trial, Phase III “[Publication Type]) OR Clinical Trial, Phase 3 OR 
“Clinical Trial, Phase IV “[Publication Type]) OR Clinical Trial, Phase 4 OR “Controlled Clinical Trial “[Publication Type]) OR “Multi-
center Study “[Publication Type]) OR “Randomized Controlled Trial “[Publication Type])) OR ((((((((“Clinical Trials as Topic”[Mesh] OR 
Clinical Trial as Topic)) OR (“Clinical Trials, Phase I as Topic”[Mesh] OR Clinical Trials, Phase I OR Phase 1 Clinical Trials OR Phase I 
Clinical Trials OR Clinical Trials, Phase 1 OR Evaluation Studies, FDA Phase I OR Evaluation Studies, FDA Phase 1 OR Microdosing Tri-
als, Human OR Human Microdosing Trial OR Microdosing Trial, Human OR Trial, Human Microdosing OR Trials, Human Microdosing 
OR Human Microdosing Trials OR Drug Evaluation, FDA Phase I as Topic OR Drug Evaluation, FDA Phase I OR Drug Evaluation, FDA 
Phase 1)) OR (“Clinical Trials, Phase II as Topic”[Mesh] AND *Drug Evaluation, FDA Phase II as Topic OR Drug Evaluation, FDA Phase 
2 as Topic OR Evaluation Studies, FDA Phase II as Topic OR Evaluation Studies, FDA Phase 2 as Topic)) OR (“Clinical Trials, Phase III 
as Topic”[Mesh] OR Clinical Trials, Phase 3 as Topic OR Evaluation Studies, FDA Phase III as Topic OR Drug Evaluation, FDA Phase 
III as Topic OR Drug Evaluation, FDA Phase 3 as Topic OR Evaluation Studies, FDA Phase 3 as Topic)) OR (“Clinical Trials, Phase IV 
as Topic”[Mesh] OR Clinical Trials, Phase 4 as Topic OR Drug Evaluation, FDA Phase IV as Topic OR Evaluation Studies, FDA Phase 
4 as Topic OR Drug Evaluation, FDA Phase 4 as Topic OR Evaluation Studies, FDA Phase IV as Topic)) OR (“Randomized Controlled 
Trials as Topic”[Mesh] OR Controlled Clinical Trials, Randomized OR Clinical Trials, Randomized OR Trials, Randomized Clinical)) OR 
(“Multicenter Studies as Topic”[Mesh] OR Multicentre Studies as Topic OR Multicenter Trials OR Multicenter Trial OR Trial, Multicenter 
OR Trials, Multicenter OR Multicentre Trials OR Multicentre Trial OR Trial, Multicentre OR Trials, Multicentre))) OR ((clinical[Title/
Abstract] AND trial[Title/Abstract]) OR clinical trials[MeSH Terms] OR clinical trial[Publication Type] OR random*[Title/Abstract] OR 
random allocation[MeSH Terms]) 
((((((((((“Kidney Calculi”[Mesh] OR Calculi, Kidney OR Calculus, Kidney OR Kidney Calculus OR Renal Calculi OR Calculi, Renal OR 
Calculus, Renal OR Renal Calculus OR Kidney Stones OR Kidney Stone OR Stone, Kidney OR Stones, Kidney)) OR (“Nephrolithiasis
”[Mesh])) OR (“Urinary Calculi”[Mesh] OR Calculi, Urinary OR Calculus, Urinary OR Urinary Calculus OR Urinary Stones OR Stone, 
Urinary OR Stones, Urinary OR Urinary Stone OR Urinary Tract Stones OR Stone, Urinary Tract OR Stones, Urinary Tract OR Urinary 
Tract Stone)) OR (“Urolithiasis”[Mesh] OR Urinary Lithiasis OR Lithiasis, Urinary)) OR (“Ureteral Calculi”[Mesh] OR Calculi, Ureteral 
OR Calculus, Ureteral OR Ureteral Calculus))) OR (“Urinary Bladder Calculi”[Mesh] OR Bladder Calculi, Urinary OR Bladder Calculus, 
Urinary OR Calculi, Urinary Bladder OR Calculus, Urinary Bladder OR Urinary Bladder Calculus OR Bladder Stones OR Bladder Stone 
OR Stone, Bladder OR Stones, Bladder OR Calculi of Urinary Bladder OR Urinary Bladder Stones OR Bladder Stone, Urinary OR Blad-
der Stones, Urinary OR Stone, Urinary Bladder OR Stones, Urinary Bladder OR Urinary Bladder Stone OR Vesical Calculi OR Calculi, 
Vesical OR Calculus, Vesical OR Vesical Calculus OR Bladder Calculi OR Bladder Calculus OR Calculi, Bladder OR Calculus, Bladder 
OR Cystoliths OR Cystolith)) OR (“Ureterolithiasis”[Mesh] OR Ureterolithiases))) OR (“Renal Colic”[Mesh] OR Colic, Renal OR Colics, 
Renal OR Renal Colics OR Acute Renal Colic OR Acute Renal Colics OR Colic, Acute Renal OR Colics, Acute Renal OR Renal Colic, 
Acute OR Renal Colics, Acute OR Ureteral Colic OR Colic, Ureteral OR Colics, Ureteral OR Ureteral Colics) 
(((“Calcium”[Mesh] OR Coagulation Factor IV OR Factor IV, Coagulation OR Factor IV OR Blood Coagulation Factor IV)) OR (“Calci-
um Carbonate”[Mesh] OR Carbonate, Calcium OR Milk of Calcium OR Calcium Milk OR Vaterite OR Calcite OR Limestone OR Marble 
OR Chalk OR Aragonite)) OR (“Calcium, Dietary”[Mesh] OR Dietary Calcium) 
(((((((“Osteoporosis”[Mesh] OR Osteoporoses OR Osteoporosis, Post-Traumatic OR Osteoporosis, Post Traumatic OR Post-Traumatic 
Osteoporoses OR Post-Traumatic Osteoporosis OR Osteoporosis, Senile OR Osteoporoses, Senile OR Senile Osteoporoses OR Senile 
Osteoporosis OR Osteoporosis, Age-Related OR Osteoporosis, Age Related OR Bone Loss, Age-Related OR Age-Related Bone Loss OR 
Age-Related Bone Losses OR Bone Loss, Age Related OR Bone Losses, Age-Related OR Age-Related Osteoporosis OR Age Related 
Osteoporosis OR Age-Related Osteoporoses OR Osteoporoses, Age-Related)) OR (“Osteoporosis, Postmenopausal”[Mesh] OR Perimeno-
pausal Bone Loss OR Bone Loss, Postmenopausal OR Bone Losses, Postmenopausal OR Postmenopausal Bone Losses OR Osteoporo-
sis, Post-Menopausal OR Osteoporoses, Post-Menopausal OR Osteoporosis, Post Menopausal OR Post-Menopausal Osteoporoses OR 
Post-Menopausal Osteoporosis OR Postmenopausal Osteoporosis OR Osteoporoses, Postmenopausal OR Postmenopausal Osteoporoses 
OR Bone Loss, Perimenopausal OR Bone Losses, Perimenopausal OR Perimenopausal Bone Losses OR Postmenopausal Bone Loss)) 
OR (“Female Athlete Triad Syndrome”[Mesh] OR Female Athlete Triad)) OR (“Decalcification, Pathologic”[Mesh] OR Decalcification, 
Pathological OR Pathological Decalcification OR Pathologic Decalcification OR Corticosteroid Induced Osteoporosis OR glucocorticoid 
induced osteoporosis OR Idiopathic Osteoporosis OR Involutional Osteoporosis OR Juvenile Osteoporosis OR Primary Osteoporosis OR 
Secondary Osteoporosis OR Bone Fragility Endocrine Osteoporosis OR Osteoporotic Decalcification)) OR (“Bone Density”[Mesh] OR 
Bone Densities OR Density, Bone OR Bone Mineral Density OR Bone Mineral Densities OR Density, Bone Mineral OR Bone Mineral 
Content OR Bone Mineral Contents OR BMD)) OR (“Fractures, Bone”[Mesh] OR Broken Bones OR Bone, Broken OR Bones, Broken 
OR Broken Bone OR Bone Fractures OR Bone Fracture OR Fracture, Bone)) OR (((((((((((((Bone mineral density[All Fields])) OR (low 
bone mass)) OR (low bone mass density)) OR (low bone mineral density)) OR (low bone mass in premenopausal women with depression)) 
OR (low bone mass premenopausal women)) OR (low bone)) OR (low bone density)) OR (postmenopausal bone loss)) OR (bone loss 
osteoporosis)) OR (bone loss postmenopausal)) OR (bone loss))

Table I. Search strategies in the different bibliographic databases and hits.
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events were registered but 4 cases of ne-
phrolithiasis.
A RCT (quality level 2b-c) (16) analysed 
4 treatments: cyclic estrogen/progestogen 
therapy (group 1), calcium supplements 
2.000 mg/d (group 2), intermittent cy-
clic etidronate therapy (group 3), and an 
ADFR treatment with triiodothyronine 
as activator and etidronate as depressor 
(group 4). In group 1, 3 calcium sup-
plements 120 mg/d were added. ALP 
and the excretion of hydroxyproline de-
creased in groups 1 and 3. There were no 
cases of nephrolithiasis.
Furthermore, in a 1-year open RCT 
(quality level 2a-b) (17) the effect of 
intermittent administration of 200 IU 
intranasal calcitonin plus vitamin D and 
calcium supplements vs. vitamin D and 
calcium supplements were examined. 
Urinary Ca/creatinine and pyrilinks-D/
creatinine levels and serum intact par-
athormone (iPTH) and ALP levels were 
significantly decreased from baseline 
in the calcitonin group. There were no 
cases of nephrolitiasis.
Kurland et al. (18) examined in a dou-
ble-blind placebo-controlled RCT 
(quality level 1c) the effect of iPTH plus 
1.500 mg/d of calcium (dietary and sup-
plements) and 400 IU/d of vitamin D. 
There were no significant changes in 
serum calcium concentrations, urinary 
calcium or 1–25 dihydroxyvitamin D 
in either group. All markers of bone 
turnover increased in the PTH-group, 
especially the osteocalcin and urinary 
N-telopeptide. 
In a prospective study (quality level 
2b) (19) men with osteoporosis and hy-
percalciuria who had been treated with 
thiazides or calcium supplements plus 
vitamin D were analysed. Urinary cal-
cium excretion significantly fell in the 
thiazide group. There were no cases of 
nephrolithiasis.
We included a 2-parallel double-blind 
placebo-controlled RCT (quality level 
1c) (20). In study 1, 1.637 women with 
osteoporosis were included, while in 
study 2, 2.437 men with osteoporosis 
were included. All of them took 1.000 
mg/d of oral calcium supplements and 
vitamin D 400–1200 IU/d, and were 
randomised to teriparatide (TPTD) 20 
μgr/d, 40 μgr/d or placebo. In all groups 
urinary calcium excretion significantly 

Fig. 1. Articles retrieved by the different search strategies and result of selection and appraisal proc-
ess.

Table II. Excluded studies and reasons for exclusion.

Study  Reason for exclusion

Aloia (1998) (24) Treatment with calcitriol
Alexandersen (2001) (32) Data of  urinary calcium or nephrolithiasis not shown
Agnusdei  (1992) (33) Data of  urinary calcium or nephrolithiasis not shown
Agnusdei (1997) (34)  Data of  urinary calcium or nephrolithiasis not shown
Bonnick  (2007) (35) Data of  urinary calcium or nephrolithiasis not shown
Braga de Castro  (1999) (36) Data of  urinary calcium or nephrolithiasis not shown
Bravenboer (1999) (37) Data of  urinary calcium or nephrolithiasis not shown
Bunout  (2006) (38)  Data of  urinary calcium or nephrolithiasis not shown
Cascella (2005) (39) Data of  urinary calcium or nephrolithiasis not shown
Chailurkit (2003) (40) Data of  urinary calcium or nephrolithiasis not shown
Chesnut (1995) (41) Data of  urinary calcium or nephrolithiasis not shown
Crhistiansen (1990) (42)  Data of  urinary calcium or nephrolithiasis not shown
Delmas (2006) (43) Data of  urinary calcium or nephrolithiasis not shown
Domrongkitchaiporn (2000) (26) Treatment with calcitriol
Gallagher (1990) (27) Treatment with calcitriol
Gennari (1989) (44) Unrecovered article
Homik (1998) (45) Data of  urinary calcium or nephrolithiasis not shown
Horowitz ( 1984) (46) Very poor quality
Lee (2006) (47)  Unrecovered article
Orimo (1994) (48)  Data of  urinary calcium or nephrolithiasis not shown
Ott (1989) (25) Treatment with calcitriol
Overgaard (1991) (49)  Data of  urinary calcium or nephrolithiasis not shown
Parviainen (1999) (50) Data of  urinary calcium or nephrolithiasis not shown
Reginster (2003) (51) Data of  urinary calcium or nephrolithiasis not shown
Resch ( 1989) (52) Data of  urinary calcium or nephrolithiasis not shown
Ringe ( 1991) (53) Editorial
Rossini (2000) (54) Data of  urinary calcium or nephrolithiasis not shown
Ryan (2000) (55) Data of  urinary calcium or nephrolithiasis not shown
Sethi (2008) (56) Data of  urinary calcium or nephrolithiasis not shown
Shiraki (2003) (57) Data of  urinary calcium or nephrolithiasis not shown
Tekeoglu (2005) (58) Data of  urinary calcium or nephrolithiasis not shown
Thamsborg (1996) (59)  Data of  urinary calcium or nephrolithiasis not shown
Tilyard (1990) (60) Unrecovered article
Trovas (2002) (61) Data of  urinary calcium or nephrolithiasis not shown
Zegels (2001) (62) Data of  urinary calcium or nephrolithiasis not shown
Anonymous (2007) (63) Editorial
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increased. Hypercalciuria cases were 
not clinically relevant. In study 1, 
2women in each of the placebo and 
TPTD 20 groups had a kidney stone, 1 
in each TPTD group had urinary tract 
calcifications. Kidney pain and urolithi-
asis was reported by 3 women in the 
TPTD 20 and by 1 in the 40 group. Two 
in the placebo, 6 in the TPTD 20, and 
2 in the 40 group had urolithiasis. Six 
in the placebo group and 4 in each of 
the TPTD groups reported haematuria. 
In study 2, 5 men had possible urolithi-
asis. One in the placebo, 2 in the TPTD 
20, and 1 in the TPTD 40 group had a 
kidney calculus. One man in the TPTD 
40 group reported kidney pain.
Need et al. (21) performed a RCT 
(quality level 3b), in which 3 calcium 
supplements preparations (1.000 mg/d 
effervescent, 1.000 mg/d carbonate, 
1.200 mg/ carbonate) were examined. 
Urinary calcium increased significantly 
in all groups without significant differ-
ences between them. The decrease of 
urinary hydroxyproline levels in the 
end returned to baseline levels. 
We selected a double-blind, placebo-
control RCT (quality level 2c) (22) in 
which calcium supplements 1.200 mg/d 
were provided. There were no cases of 
nephrolithiasis.
In a prospective study (quality level 
2b) (23), 12 women were treated with 
alendronate 5 mg/d and calcium supple-
ments for 3 months. The rate AP(CaP) 
index was significantly reduced, but 
urinary calcium, oxalate, phosphate 
and the AP(CaOx) index did not signifi-
cantly change. There were no cases of 
nephrolithiasis.
  
Discussion 
In the present study, we have analysed 
the possibility of developing urinary 
sediment changes, nephrolithiasis and 
renal colic with the use of oral calcium 
supplementation, alone or in combina-
tion with other drugs in patients with 
osteoporosis. For the purpose of the 
present systematic literature review, 
we decided to include RCT and cohort 
controlled studies. We considered this 
as the most appropriate way to answer 
the research question.
We finally included a total of 10 stud-
ies (14-23); all were RCT except for 2 

prospective cohort studies (19, 23). The 
quality of most of them was moderate. 
These studies analysed more than 8.000 
patients with osteoporosis, mostly mid-
dle aged women. All received treat-
ment with oral calcium supplements 
and some dietary calcium as well and 
the majority bisphosphonates or other 
osteoporosis treatments. Besides, there 
was a great variability in daily calcium 
doses and treatments duration. Interest-
ingly, only in 4 of the included studies, 
the urinary sediment changes or neph-
rolithiasis were the main outcomes. 
Regarding urinary sediment and serum, 
although changes were found, generally 
they were not clinically relevant and 
were probably related to the effect of 
other drugs rather than to calcium sup-
plementation. Changes included urinary 
calcium or phosphate, Ca/creatinine and 
pyrilinks-D/creatinine level decrease 
(14, 19, 20), urinary calcium increase 
(21), hypercalcemia (20), and decrease 
levels of serum ALP and iPTH or the ex-
cretion of hydroxyproline (16, 17). But, 
on the other hand, there were no signifi-
cant changes in urine calcium, oxalate, 
or citrate and serum calcium and vita-
min D levels in many studies (14, 17, 
18, 23).
Moreover, we found patients with kid-
ney stone or nephrolitiasis, but taking 
into account the total number of pa-
tients analysed in this study the inci-
dence of these outcomes is low. In fact, 
no cases of nephrolitiasis were found in 
more than a half of the included studies 
(14, 16, 17, 19, 22). There were three 
cases of kidney stone (20), two urinary 
tract calcifications (20), sixteen cases 
of nephrolithiasis or urolithiasis, four 
of haematuria and five reporting kidney 
pain (15, 20). Besides, the AP (CaOx) 
index, which is an index that measures 
the risk of developing kidney stones, 
did not significantly change in those 
studies in which it was analysed (14, 
23). However, due to the great variabil-
ity regarding the study designs, follow-
up periods and outcomes, these results 
should be considered carefully.
It has been suggested that stone risk is 
higher in osteoporosis patients taking 
bisphosphonates (10). Bisphosphonates, 
by increasing parathyroid hormone se-
cretion, tend to improve calcium absorp-

tion, and at the same time they down-
regulate bone remodelling. The first 
effect would lead directly to increased 
absorptive calcemia, and with the lat-
ter, absorptive calcemia would be exag-
gerated because of decreased ability to 
damp calcemic oscillations. As a result, 
absorptive calciuria would be predicted 
to be greater with the bisphosphonate. 
But on the other hand, other studies sug-
gest a potential benefit by reducing the 
risk of renal stone formation (28, 29). 
In addition, it has been published that 
urinary calcium excretion was increased 
with TPTD treatment, but the authors 
considered that the magnitude of these 
changes were unlikely to be clinically 
relevant or warrant urinary calcium 
monitoring for most patients (20). Other 
papers have shown that estrogen therapy 
increases the risk of nephrolithiasis at 
least in healthy postmenopausal women 
(30), as well as calcitonin (31). Unfortu-
nately, our study could not confirm any 
of these statements. 
But in this context, one of the main lim-
itations of the present study was related 
to the selected outcome. As exposed be-
fore, we searched for studies which re-
ported changes in urinary sediment and/
or kidney stones (symptomatic or not). 
In the literature, there are many high 
quality RCT in osteoporosis. However, 
many of them do not consider them as a 
potential adverse event, mainly because 
all of them are focused on the effect and 
safety of bisphosphonates rather than on 
calcium supplements. Moreover, even 
in those in which it is reported, these 
outcomes are shown as secondary in the 
results section, but not in the abstract, 
mesh terms or key words. As a conse-
quence, this kind of studies is hard to 
capture in a systematic literature. Thus, 
we conducted a sensible search strat-
egy and performed an extensive hand 
review. It would therefore be advisable 
to conduct further studies to draw more 
accurate and reliable conclusions in this 
context. 
In addition, in a well designed RCT, it 
was shown that calcium supplements 
were associated with renal calculi, but 
this trial was performed in postmenopau-
sal women, in which it was not clear if 
they had or not osteoporosis. Therefore, 
this kind of study was not selected.
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In summary, the available evidence does 
not support a causal linkage between 
nephrolithiasis risk and calcium supple-
mentation intake (alone or in combina-
tion with another type of treatment) of 
a magnitude likely to be encountered in 
osteoporosis patients (level of evidence 
2b, grade B recommendation).

References
  1. SHEA B, WELLS G, CRANNEY A et al.: WITH-

DRAWN: Calcium supplementation on bone 
loss in postmenopausal women. Cochrane 
Database Syst Rev 2004, (1): CD004526.

  2. LEE E, MANENO MK, WUTOH AK, ZUCKER-
MAN IH: Long-term effect of the Women’s 
Health Initiative study on antiosteoporosis 
medication prescribing. J Womens Health 
(Larchmt) 2010; 19: 847-54.

  3. JOHNELL O, SCHEELE WH, LU Y, REGINSTER 
JY, NEED AG, SEEMAN E: Additive effects of 
raloxifene and alendronate on bone density 
and biochemical markers of bone remodeling 
in postmenopausal women with osteoporosis. 
J Clin Endocrinol Metab 2002; 87: 985-92.

  4. VON KEYSERLINGK C, HOPKINS R, ANAS-
TASILAKIS A et al.: Clinical efficacy and 
safety of denosumab in postmenopausal 
women with low bone mineral density and 
osteoporosis: a meta-analysis. Sem Arthritis 
Rheum 2011; 41: 178-86.

  5. OVERGAARD K, RIIS BJ, CHRISTIANSEN 
C, HANSEN MA: Effect of salcatonin given 
intranasally on early postmenopausal bone 
loss. BMJ 1989; 299: 477-9.

  6. REGINSTER JY, SEEMAN E, DE VERNEJOUL 
MC et al.: Strontium ranelate reduces the risk 
of nonvertebral fractures in postmenopau-
sal women with osteoporosis: Treatment of 
Peripheral Osteoporosis (TROPOS) study.          
J Clin Endocrinol Metab 2005; 90: 2816-22.

  7. NEER RM, ARNAUD CD, ZANCHETTA JR et 
al.: Effect of parathyroid hormone (1-34) 
on fractures and bone mineral density in 
postmenopausal women with osteoporosis.          
N Engl J Med 2001; 344: 1434-41.

  8. CURHAN GC, WILLETT WC, RIMM EB, 
STAMPFER MJ: A prospective study of di-
etary calcium and other nutrients and the risk 
of symptomatic kidney stones. N Engl J Med 
1993; 328: 833-8.

  9. CURHAN GC, WILLETT WC, SPEIZER FE, 
SPIEGELMAN D, STAMPFER MJ: Compari-
son of dietary calcium with supplemental 
calcium and other nutrients as factors affect-
ing the risk for kidney stones in women. Ann  
Intern Med 1997; 126: 497-504.

10. HEANEY RP: Calcium supplementation and 
incident kidney stone risk: a systematic re-
view. J Am Coll Nutr 2008; 27: 519-27.

11. ZAREMBSKI PM, HODGKINSON A: Some 
factors influencing the urinary excretion of 
oxalic acid in man. Clin Chim Acta 1969; 25: 
1-10.

12. LEMANN J, JR., PLEUSS JA, WORCESTER 
EM, HORNICK L, SCHRAB D, HOFFMANN 
RG: Urinary oxalate excretion increases with 
body size and decreases with increasing di-
etary calcium intake among healthy adults. 
Kidney Int 1996; 49: 200-8.

13. CEBM CfEBM: Oxford Centre for Evidence-
based Medicine - Levels of Evidence (March 
2009). 2009 [updated March 2009; cited 
2009 02/11/2009]; Available from: http://
www.cebm.net/index.aspx?o=1025.

14. DOMRONGKITCHAIPORN S, ONGPHIPHAD-
HANAKUL B, STITCHANTRAKUL W, CHAN-
SIRIKARN S, PUAVILAI G, RAJATANAVIN R: 
Risk of calcium oxalate nephrolithiasis in 
postmenopausal women supplemented with 
calcium or combined calcium and estrogen. 
Maturitas 2002; 41: 149-56.

15. GRANT AM, AVENELL A, CAMPBELL MK et 
al.: Oral vitamin D3 and calcium for sec-
ondary prevention of low-trauma fractures 
in elderly people (Randomised Evaluation 
of Calcium Or vitamin D, RECORD): a 
randomised placebo-controlled trial. Lancet 
2005; 365: 1621-8.

16. HASLING C, CHARLES P, JENSEN FT, MO-
SEKILDE L: A comparison of the effects of 
oestrogen/progestogen, high-dose oral cal-
cium, intermittent cyclic etidronate and an 
ADFR regime on calcium kinetics and bone 
mass in postmenopausal women with spinal 
osteoporosis. Osteoporos Int 1994; 4: 191-
203.

17. KASKANI E, LYRITIS GP, KOSMIDIS C et al.: 
Effect of intermittent administration of 200 
IU intranasal salmon calcitonin and low 
doses of 1alpha(OH) vitamin D3 on bone 
mineral density of the lumbar spine and hip 
region and biochemical bone markers in 
women with postmenopausal osteoporosis: a 
pilot study. Clin Rheumatol 2005; 24: 232-8.

18. KURLAND ES, COSMAN F, MCMAHON DJ, 
ROSEN CJ, LINDSAY R, BILEZIKIAN JP: Par-
athyroid hormone as a therapy for idiopathic 
osteoporosis in men: effects on bone mineral 
density and bone markers. J Clin Endocrinol 
Metab 2000; 85: 3069-76.

19. LEGROUX-GEROT I, CATANZARITI L, MAR-
CHANDISE X, DUQUESNOY B, CORTET B: 
Bone mineral density changes in hypercalci-
uretic osteoporotic men treated with thiazide 
diuretics. Joint Bone Spine 2004; 71: 51-5.

20. MILLER PD, BILEZIKIAN JP, DIAZ-CURIEL 
M et al.: Occurrence of hypercalciuria in 
patients with osteoporosis treated with teri-
paratide. J Clin Endocrinol Met 2007; 92: 
3535-41.

21. NEED AG, HOROWITZ M, MORRIS HA, NOR-
DIN BE: Effects of three different calcium 
preparations on urinary calcium and hy-
droxyproline excretion in postmenopausal 
osteoporotic women. Eur J Clin Nutr 1991; 
45: 357-61.

22. RECKER RR, HINDERS S, DAVIES KM et al.: 
Correcting calcium nutritional deficiency 
prevents spine fractures in elderly women.     
J Bone Miner Res 1996; 11: 1961-6.

23. YASUI T, ITOH Y, OKADA A et al.: Alendro-
nate reduces the excretion of risk factors for 
calcium phosphate stone formation in post-
menopausal women with osteoporosis. Urol 
Int 2009; 83: 226-9.

24. ALOIA JF, VASWANI A, YEH JK, ELLIS K, YAS-
UMURA S, COHN SH: Calcitriol in the treat-
ment of postmenopausal osteoporosis. Am J 
Med 1988; 84: 401-8.

25. OTT SM, CHESNUT CH, 3RD.: Calcitriol treat-
ment is not effective in postmenopausal osteo-

porosis. Ann Intern Med 1989; 110: 267-74.
26. DOMRONGKITCHAIPORN S, ONGPHIPHAD-

HANAKUL B, STITCHANTRAKUL W et al.: 
Risk of calcium oxalate nephrolithiasis after 
calcium or combined calcium and calcitriol 
supplementation in postmenopausal women. 
Osteoporos Int 2000; 11: 486-92.

27. GALLAGHER JC, GOLDGAR D: Treatment 
of postmenopausal osteoporosis with high 
doses of synthetic calcitriol. A randomized 
controlled study. Ann Intern Med 1990; 113: 
649-55.

28. WATANABE Y, OHSHIMA H, MIZUNO K et al.: 
Intravenous pamidronate prevents femoral 
bone loss and renal stone formation during 
90-day bed rest. J Bone Miner Res 2004; 19: 
1771-8.

29. SENZAKI H, YASUI T, OKADA A, ITO Y, TO-
ZAWA K, KOHRI K: Alendronate inhibits uri-
nary calcium microlith formation in a three-
dimensional culture model. Urol Res 2004; 
32: 223-8.

30. MAALOUF NM, SATO AH, WELCH BJ et al.: 
Postmenopausal hormone use and the risk 
of nephrolithiasis: results from the Wom-
en’s Health Initiative hormone therapy trials. 
Arch Intern Med 2010; 170: 1678-85.

31. D’ANGELO A, CALO L, CANTARO S, GIAN-
NINI S: Calciotropic hormones and nephro-
lithiasis. Miner Electrolyte Metab 1997; 23: 
269-72.

32. ALEXANDERSEN P, TOUSSAINT A, CHRIS-
TIANSEN C et al.: Ipriflavone in the treat-
ment of postmenopausal osteoporosis: a ran-
domized controlled trial. JAMA 2001; 285: 
1482-8.

33. AGNUSDEI D, ADAMI S, CERVETTI R et al.: 
Effects of ipriflavone on bone mass and cal-
cium metabolism in postmenopausal oste-
oporosis. Bone Miner 1992; 19 (Suppl. 1): 
S43-8.

34. AGNUSDEI D, BUFALINO L: Efficacy of 
ipriflavone in established osteoporosis and 
long-term safety. Calcif Tissue Int 1997; 61 
(Suppl. 1): S23-7.

35. BONNICK S, BROY S, KAISER F et al.: Treat-
ment with alendronate plus calcium, alendro-
nate alone, or calcium alone for postmeno-
pausal low bone mineral density. Curr Med 
Res Opin 2007; 23: 1341-9.

36. BRAGA DE CASTRO MACHADO A, HANNON 
R, EASTELL R: Monitoring alendronate thera-
py for osteoporosis. J Bone Miner Res 1999; 
14: 602-8.

37. BRAVENBOER N, PAPAPOULOS SE, HOLZ-
MANN P, HAMDY NA, NETELENBOS JC, LIPS 
P: Bone histomorphometric evaluation of pa-
midronate treatment in clinically manifest os-
teoporosis. Osteoporos Int 1999; 9: 489-93.

38. BUNOUT D, BARRERA G, LEIVA L et al.:     
Effect of a nutritional supplementation on 
bone health in Chilean elderly subjects with 
femoral osteoporosis. J Am Coll Nutr 2006; 
25: 170-7.

39. CASCELLA T, MUSELLA T, ORIO F, JR. et al.: 
Effects of neridronate treatment in elderly 
women with osteoporosis. J Endocrinol In-
vest 2005; 28: 202-8.

40. CHAILURKIT LO, JONGJAROENPRASERT W, 
RUNGBUNNAPUN S, ONGPHIPHADHANAKUL 
B, SAE-TUNG S, RAJATANAVIN R: Effect of al-
endronate on bone mineral density and bone 



961

REVIEWCalcium supplementation and kidney stone risk in osteoporosis / G. Candelas et al.

turnover in Thai postmenopausal osteoporo-
sis. J Bone Miner Metab 2003; 21: 421-7.

41. CHESNUT CH, 3RD, MCCLUNG MR, ENSRUD 
KE et al.: Alendronate treatment of the post-
menopausal osteoporotic woman: effect of 
multiple dosages on bone mass and bone re-
modeling. Am J Med 1995; 99: 144-52.

42. CHRISTIANSEN C, RIIS BJ: 17 Beta-estra-
diol and continuous norethisterone: a unique 
treatment for established osteoporosis in eld-
erly women. J Clin Endocrinol Metab 1990; 
71: 836-41.

43. DELMAS PD, ADAMI S, STRUGALA C et al.: 
Intravenous ibandronate injections in post-
menopausal women with osteoporosis: one-
year results from the dosing intravenous ad-
ministration study. Arthritis Rheum 2006; 54: 
1838-46.

44. GENNARI C, AGNUSDEI D, GONNELLI S, NAR-
DI P: Effects of nandrolone decanoate therapy 
on bone mass and calcium metabolism in 
women with established post-menopausal os-
teoporosis: a double-blind placebo-controlled 
study. Maturitas 1989; 11: 187-97.

45. HOMIK J, SUAREZ-ALMAZOR ME, SHEA B, 
CRANNEY A, WELLS G, TUGWELL P: Calci-
um and vitamin D for corticosteroid-induced 
osteoporosis. Cochrane Database Syst Rev 
2000: CD000952.

46. HOROWITZ M, NEED AG, PHILCOX JC, NOR-
DIN BE: Effect of calcium supplementation 
on urinary hydroxyproline in osteoporotic 
postmenopausal women. Am J Clin Nutr 
1984; 39: 857-9.

47. LEE PE, MCELHANEY JE, DIAN L: Calcium 
and vitamin D supplementation for the 
prevention of fractures in postmenopausal  
women. Aging Health 2006; 2: 241-3.

48. ORIMO H, SHIRAKI M, HAYASHI Y et al.: 

Effects of 1 alpha-hydroxyvitamin D3 on 
lumbar bone mineral density and vertebral 
fractures in patients with postmenopausal os-
teoporosis. Calcif Tissue Int 1994; 54: 370-6.

49. OVERGAARD K, CHRISTIANSEN C: Long-
term treatment of established osteoporosis 
with intranasal calcitonin. Calcif Tissue Int 
1991; 49 Suppl.: S60-3.

50. PARVIAINEN MT, JAASKELAINEN K, KROG-
ER H, ARNALA I, ALHAVA E: Urinary bone re-
sorption markers in monitoring treatment of 
symptomatic osteoporosis. Clin Chim Acta 
1999; 279: 145-54.

51. REGINSTER JY, FELSENBERG D, PAVO I et al.: 
Effect of raloxifene combined with monofluor-
ophosphate as compared with monofluoro-
phosphate alone in postmenopausal women 
with low bone mass: a randomized, controlled 
trial. Osteoporos Int 2003; 14: 741-9.

52. RESCH H, PIETSCHMANN P, WILLVONSEDER 
R: Estimated long-term effect of calcitonin 
treatment in acute osteoporotic spine frac-
tures. Calcif Tissue Int 1989; 45: 209-13.

53. RINGE JD: The risk of nephrolithiasis with 
oral calcium supplementation. Calcif Tissue 
Int 1991; 48: 69-73.

54. ROSSINI M, GATTI D, GIRARDELLO S, BRA-
GA V, JAMES G, ADAMI S: Effects of two 
intermittent alendronate regimens in the 
prevention or treatment of postmenopausal 
osteoporosis. Bone 2000; 27: 119-22.

55. RYAN PJ, BLAKE GM, DAVIE M, HADDAWAY 
M, GIBSON T, FOGELMAN I: Intermittent oral 
disodium pamidronate in established oste-
oporosis: a 2 year double-masked placebo-
controlled study of efficacy and safety. Osteo-
poros Int 2000; 11: 171-6.

56. SETHI BK, CHADHA M, MODI KD, KUMAR 
KM, MEHROTRA R, SRIRAM U: Efficacy 

of teriparatide in increasing bone mineral 
density in postmenopausal women with os-
teoporosis--an Indian experience. J Assoc 
Physicians India 2008; 56: 418-24.

57. SHIRAKI M, FUKUNAGA M, KUSHIDA K et 
al.: A double-blind dose-ranging study of 
risedronate in Japanese patients with osteo-
porosis (a study by the Risedronate Late 
Phase II Research Group). Osteoporos Int 
2003; 14: 225-34.

58. TEKEOGLU I, ADAK B, BUDANCAMANAK M, 
DEMIREL A, EDIZ L: Comparison of cyclic 
and continuous calcitonin regimens in the 
treatment of postmenopausal osteoporosis. 
Rheumatol Int 2005; 26: 157-61.

59. THAMSBORG G, JENSEN JE, KOLLERUP G, 
HAUGE EM, MELSEN F, SORENSEN OH: Ef-
fect of nasal salmon calcitonin on bone re-
modeling and bone mass in postmenopausal 
osteoporosis. Bone 1996; 18: 207-12.

60. TILYARD M: Low-dose calcitriol versus cal-
cium in established postmenopausal osteo-
porosis. Metabolism 1990; 39 (Suppl. 1): 
50-2.

61. TROVAS GP, LYRITIS GP, GALANOS A, RAP-
TOU P, CONSTANTELOU E: A randomized 
trial of nasal spray salmon calcitonin in men 
with idiopathic osteoporosis: effects on bone 
mineral density and bone markers. J Bone 
Miner Res 2002; 17: 521-7.

62. ZEGELS B, EASTELL R, RUSSELL RG et al.: 
Effect of high doses of oral risedronate (20 
mg/day) on serum parathyroid hormone lev-
els and urinary collagen cross-link excretion 
in postmenopausal women with spinal osteo-
porosis. Bone 2001; 28: 108-12.

63. Limited effect of calcium and vitamin D in 
reducing osteoporotic fractures. Australian 
Journal of Pharmacy 2007; 88: 90-1.


