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Abstract Hypercalciuria of intestinal origin has been
linked with bone loss in calcium nephrolithiasis and idio-
pathic osteoporosis. This retrospective data analysis was
performed to explore potential pathogenetic link between
intestinal hyperabsorption of calcium and postmenopausal
osteoporosis. Data were retrieved from postmenopausal
women who were evaluated for osteoporosis or osteopenia
at the Mineral Metabolism Clinic of UT Southwestern
Medical Center. A total of 319 patients underwent the test
of calciuric response to oral calcium load to obtain an indi-
rect measure of intestinal calcium absorption. Serum and
urinary biochemistry and L2–L4 bone mineral density
(BMD) were compared between Wve quintiles of calciuric
response. There was a statistically signiWcant trend toward
a rise in 24-h urinary calcium and a decrease in urinary
deoxypyridinoline (DPD) and BMD, with increasing order
of quintiles. The presentation of those in the 1st quintile
was consistent with vitamin D insuYciency or deWciency,
with impaired calcium absorption, secondary hyperparathy-
roidism, and stimulated bone turnover (high normal urinary
DPD). In contrast, patients in the 5th quintile displayed a
picture of absorptive hypercalciuria of stone disease, with
intestinal hyperabsorption of calcium, high or high normal
urinary calcium and suppressed bone turnover (low or low
normal urinary DPD). Thus, the assessment of intestinal
calcium absorption in a seemingly homogeneous group of
postmenopausal women with osteoporosis or osteopenia
revealed a spectrum of calciuric response whose extremes

may represent two physiologically distinct subtypes that
have important diagnostic and therapeutic implications.
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Introduction

There is emerging evidence that hypercalciuria of intestinal
origin may be associated with bone loss or osteoporosis.
Among patients with absorptive hypercalciuria (AH) with
intestinal hyperabsorption of calcium and kidney stones,
low spinal bone mineral density (BMD) has been described
[1–3]. In a recent study based on histomorphometric analy-
sis of bone, the bone loss in AH was shown to be due to
reduced bone formation rather than increased bone resorp-
tion [4], conWrming prior reports of some [5–7] though not
others [8, 9]. In idiopathic osteoporosis, we previously
reported the existence in some patients of the same bio-
chemical presentation of AH, with hypercalciuria, intestinal
hyperabsorption of calcium and low bone turnover [10].
Low bone formation was also reported in premenopausal
women with idiopathic osteoporosis [11].

The link between hypercalciuria, high intestinal calcium
absorption and bone loss is less well-established in post-
menopausal osteoporosis. Hypercalciuria, reported in 6.3–
19% of women with osteoporosis [12–18], appears to play
an important role in the development of bone loss. In a ret-
rospective analysis of data from 241 otherwise healthy
women with postmenopausal osteoporosis, Giannini et al.
found hypercalciuria to be present in 19% of the patients.
Hypercalciuria was the most important predictor of low
bone mass, accounting for more than 50% of the variance
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in spinal bone density [13]. Unfortunately, the cause for the
hypercalciuria was not deWned. In a cross-sectional study of
173 women with postmenopausal osteoporosis, Tannebaum
et al. [14] showed that hypercalciuria was present in 9.8%
of patients. Seven patients were diagnosed to have renal
hypercalciuria, six idiopathic, and four unidentiWed hyper-
calciuria. Some of their patients may have had impaired
intestinal calcium absorption, since 8.1% had malabsorp-
tion, 4.1% vitamin D deWciency, and 6.9% high serum
PTH. To the best of our knowledge, no prior report has sys-
tematically investigated intestinal calcium absorption and
correlated it with bone turnover and calcium metabolism
among patients with postmenopausal osteoporosis.

In our ambulatory protocol for osteoporosis, we utilized
the calciuric response to oral calcium load as an optional
surrogate test to estimate intestinal calcium absorption
[19–21]. We also obtained spinal BMD and 24-h urine
collection for calcium and deoxypyridinoline (DPD).
This retrospective analysis of data from 319 patients so
evaluated was conducted to explore the relationship of
intestinal calcium absorption to postmenopausal osteoporosis
or osteopenia.

Subjects and methods

Patient data

Data were retrieved from 319 patients who were evaluated
for osteoporosis in an outpatient setting by the Center of
Mineral Metabolism and Clinical Research at the Univer-
sity of Texas Southwestern Medical Center. Patients
included in this report satisWed the following criteria: (a)
postmenopausal women with osteoporosis or osteopenia,
whereby osteoporosis is deWned by atraumatic fractures or
BMD criteria (T-score of ·¡2.5, at L2–L4 vertebrae or
femoral neck), and osteopenia is deWned by T-score of
·¡1.0 to ¡2.5 at L2–L4 vertebrae or femoral neck, (b)
absence of secondary causes of osteoporosis or bone loss,
such as primary hyperparathyroidism, intestinal fat malab-
sorption, distal renal tubular acidosis, impaired renal func-
tion (endogenous creatinine clearance <0.7 ml/min/kg body
weight), systemic malignancy, or liver disease (cirrhosis or
hepatitis), (c) no prior treatment with bisphosphonate, teri-
paratide, Xuoride, or long-term glucocorticoid therapy, (d)
adequate 24-h urine collection (for urinary calcium and
other tests), indicated by urinary creatinine within 30% of
idealized urinary creatinine in women of 17.2 mg/kg body
weight [22], and (e) availability of results of “fast and load
test” (fasting urinary calcium and 4-h urinary calcium fol-
lowing oral load of 1 g calcium) [19–21]. When its cost
could not be covered by insurance carriers, the fast and load
test became optional, ordered by only some attending

physicians. The study population for this retrospective
analysis comprised only those who completed this test.

Study design

All patients underwent the following evaluation. A careful
history was taken for calcium intake. One week before the
evaluation, patients were asked to discontinue calcium sup-
plement, if any, but were allowed to continue their prevail-
ing diet. A 24-h urine sample was then collected for the
measurement of calcium, creatinine, and sodium. Patients
underwent the fast and calcium load test (calciuric
response) [19–21]. This involves collection of a 2-h fasting
urine sample after an overnight fast, and a 4-h urine sample
after an oral ingestion of 1 g calcium mixed in a synthetic
meal. Both samples were analyzed for calcium and creati-
nine. A fasting venous blood sample was obtained for cal-
cium, phosphorus, alkaline phosphatase (ALP), PTH, and
creatinine. L2–L4 BMD was obtained. When the test for
DPD became available, DPD was measured in 24-h urine.
25-Hydroxyvitamin D (25-OHD) was obtained in fresh
serum samples when ordered by physicians; otherwise it
was measured in frozen sera.

Analytical methods

Serum calcium, phosphorus, ALP and creatinine, and
urinary creatinine, were determined in an autoanalyzer
(SYNCHRON CX9 ALX system, Beckman Coulter, Inc.,
Fullerton, CA, USA). Urine calcium was analyzed by
atomic absorption spectrophotometry (Instrumentation
Laboratories, Lexington, MA, USA).

Serum PTH was measured by immunoradiometric assay
for the whole molecule using ELISA, (Alpco Diagnostics,
Windham, NH, USA) and 25-OHD by ELISA (Alpco
Diagnostics, Windham, NH, USA). A value of ·20 ng/ml
is considered vitamin D deWcient, while values between 21
and 29 ng/ml indicate relative insuYciency of vitamin D
[22]. Urinary DPD was analyzed by EIA using a commer-
cially available assay (Pyrilinks-D, Quidel Corporation,
Santa Clara, CA, USA). The intra-assay variation for DPD
is 4.8% and the inter-assay variation is 8.4%. Endogenous
creatinine clearance was calculated from 24-h urinary
creatinine and corresponding serum creatinine. L2–L4
vertebral BMD were obtained by quantitative digital
radiography (Hologic, Waltham, MA, USA). For this
study, Z-scores (against age-matched value) and T-scores
(against normal peak value) are reported.

Calciuric response, an indirect measure of intestinal cal-
cium absorption, was calculated from the diVerence between
urinary calcium post-calcium load and fasting urinary cal-
cium expressed in milligram per deciliter glomerular Wltrate
(GF). This method had been shown to strongly correlate
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with the isotopic method of evaluating calcium absorption
[20, 23]. In the original description, urinary calcium during
post-load and fasting was expressed as milligram per milli-
gram creatinine [19]. Broadus et al. [20] introduced a
reWned method, where the increment in urinary calcium,
expressed as milligram per deciliter GF, was calculated
from the fasting value to the latter 2 h after oral calcium
load. In this study, we employed a simpliWed version [21],
where calciuric response was calculated from the diVerence
between 4-h urinary calcium post-calcium load and 2-h
fasting calcium, each expressed as milligram per deciliter
GF. In our laboratory, the mean normal value for calciuric
response is 0.069 mg/dl GF (range ¡0.033 to 0.171).

Statistical analysis

One-way analysis of variance was conducted to compare
the Ca load-fast quintiles and tests of linear trends were
made with polynomial contrasts. Analysis of covariance
models were used to further assess these trends while
adjusting for age and BMI. Two-sided P-values less than
0.05 were considered statistically signiWcant. Results are
presented as mean § SD. Statistical analysis was per-
formed with SAS 9.1.3 (SAS Institute, Cary, NC, USA).

Results

Division into 5 quintiles of calciuric response

Data from 319 patients with postmenopausal osteoporosis
or osteopenia, with a mean age of 63 § 10.6 years, were
included in the analysis. Using the SAS software, patients
were divided into Wve equal groups (quintiles) based on
their calciuric response to oral calcium load (Fig. 1).
Patients in the Wrst quintile had a low or low normal calciu-
ric response, indicating that they had impaired calcium
absorption. Patients in the second and third quintiles dis-
played calciuric response that was slightly below the nor-
mal mean value or slightly above (indicated by dashed
horizontal line in Fig. 1). Thus, they had normal intestinal
calcium absorption. Those in the fourth quintile had a high
normal calciuric response while most of the patients in the
Wfth quintile had a high calciuric response (exceeding upper
normal limit, shown by upper dotted horizontal line in
Fig. 1). Thus, patients in the upper two quintiles had high or
high normal intestinal calcium absorption.

Demography and serum biochemistry

Table 1 summarizes the demographic and laboratory data
of each quintile. The estimated calcium intake was similar
among the Wve quintiles of calciuric response, being about

600 mg/day. There was a statistically signiWcant trend
toward a decrease in age and BMI, with increasing order of
quintiles. Thus, patients in the Wrst quintile were older and
had higher BMI compared to the patients in the other quin-
tiles.

Mean serum calcium and phosphorous concentrations
were normal and did not diVer between the Wve quintiles of
calciuric response (Table 1). There was a statistically sig-
niWcant trend toward a decrease in serum PTH and ALP,
and an increase in serum 25-OHD and creatinine clearance,
with increasing order of quintiles. Thus, the Wrst quintile
had high serum PTH (upper normal limit = 65 ng/ml), high
normal ALP and lower creatinine clearance. In the fourth
and Wfth quintiles, serum PTH and ALP were normal. Cre-
atinine clearance was higher in the third, fourth, and Wfth
quintiles. Serum 25-OHD was in the vitamin D insuYcient
range in all quintiles, but the value in the Wrst quintile was
closer to the vitamin D deWcient range.

Urinary biochemistry and L2–L4 BMD

Twenty-four-hour urinary calcium (expressed as milligram
per day or milligram per kilogram body weight) showed a
signiWcant trend toward a rise, with increasing order of
quintiles (Table 2; Fig. 2). Thus, the Wrst quintile had low
urinary calcium, while the Wfth quintile of calciuric
response had high normal urinary calcium (close to the
upper normal limit of 220 mg/day on a calcium intake of
600 mg/day [24]). Mean urinary sodium (meq/day) was
normal and did not diVer between the Wve quintiles of cal-
ciuric response (Table 2). There was a statistically signiW-
cant trend toward an increase in the post load urinary
calcium in milligram per deciliter GF with increasing order
of quintiles, while fasting urinary calcium displayed no
particular trend.

Fig. 1 Individual data for calciuric response for each quintile of cal-
ciuric response. Dashed horizontal line indicates mean normal value,
and dotted horizontal lines represent normal limits
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There was a highly signiWcant trend toward a decrease in
urinary DPD, with increasing order of quintiles (Table 2,
Fig. 3). Thus, urinary DPD approximated the upper normal
limit in the Wrst quintile (normal mean 5.0, range 3.0–
7.4 nmol/mol creatinine) and was close to the low normal
limit in the fourth and Wfth quintiles.

There was a statistically signiWcant trend toward a
decrease in L2–L4 BMD Z-scores (comparison of patient’s
BMD to what is expected for the patient’s age, sex, and eth-
nicity) with increasing order of quintiles of calciuric

response (Table 2; Fig. 4). Thus, the age-matched L2–L4
BMD was more markedly depressed in the fourth and Wfth
quintiles than in the Wrst quintile. The patients in the Wrst
quintile were older than those in the fourth and Wfth quin-
tiles. Hence, no signiWcant trend in spinal BMD T-scores
(comparison of a patient’s BMD to the mean for young
adults of the same sex and ethnicity) was observed.

Except for the creatinine clearance (P = 0.57), the linear
trend remained signiWcant for the all the variables when the
data was analyzed adjusting for age and BMI.

Table 1 Demography and serum chemistry

Data are presented as n, mean, and SD. The P values represent the statistical signiWcance of the trend between quintiles

To convert values for serum calcium to millimole per liter, multiply by 0.2. Multiply by 0.323 to convert values for phosphorous to millimole per
liter. To convert values for PTH to picomoles per liter, multiply by 0.102 and by 2.496 to convert 25-hydroxyvitamin D to nanomoles per liter

BMI body mass index, Ca calcium, P phosphorous, ALP alkaline phosphatase, PTH parathyroid hormone, 25-OHD 25-hydroxyvitamin D

Quintile of calciuric response

1 2 3 4 5 P

Load—fast, mg/dl GF 63 ¡0.01 § 0.04 64 0.05 § 0.01 64 0.09 § 0.01 64 0.13 § 0.01 64 0.19 § 0.05 <0.0001

Age, years 63 69.3 § 10.7 64 64.4 § 11.1 64 63.0 § 9.4 64 59.9 § 9.1 64 58.7 § 9.3 <0.0001

Weight, kg 62 63.3 § 17.0 64 61.9 § 16.0 64 61.9 § 11.2 64 59.5 § 9.8 64 59.6 § 10.2 0.06

BMI, kg/m2 62 25.9 § 6.2 64 24.3 § 5.9 64 23.9 § 3.8 64 23.2 § 3.9 64 23.1 § 3.8 0.0005

Estimated Ca intake, mg/day 59 634 § 264 59 653 § 283 63 583 § 250 60 642 § 257 61 667 § 303 0.61

Serum

Ca, mg/dl 63 9.3 § 0.6 64 9.3 § 0.4 64 9.4 § 0.4 64 9.2 § 0.4 64 9.3 § 0.4 0.69

P, mg/dl 62 3.4 § 0.6 63 3.4 § 0.5 63 3.5 § 0.6 63 3.5 § 0.5 63 3.5 § 0.6 0.53

ALP, IU/L 63 94 § 52 63 80 § 32 63 70 § 27 63 70 § 32 62 75 § 47 0.003

PTH, ng/ml 63 66 § 99 63 50 § 30 63 42 § 17 63 42 § 16 61 43 § 21 0.005

25-OHD, pg/ml 50 20 § 10 52 23 § 10 57 24 § 11 57 24 § 10 47 25 § 9 0.019

Creatinine clearance, ml/min 63 77 § 28 64 79 § 24 64 86 § 27 64 90 § 22 64 82 § 19 0.021

Table 2 Urinary and bone mineral density data

Data are presented as n, mean, and SD. The P values represent the statistical signiWcance of the trend between quintiles

To convert values for 24-h urinary calcium to millimoles per day, multiply 0.025. To convert 24-h urinary sodium to millimoles per day, multiply
by 1, and multiply by 8.8 to convert 24 h urinary creatinine to millimoles per day

Quintile of calciuric response

1 2 3 4 5 P

Urinary

Ca, mg/day 63 116 § 85 64 118 § 82 64 147 § 74 64 162 § 62 64 182 § 80 <0.0001

Ca, mg/kg BW 62 1.85 § 1.48 64 1.99 § 1.51 64 2.40 § 1.23 64 2.77 § 1.09 64 3.05 § 1.25 <0.0001

Na, meq/day 63 117 § 71 64 116 § 50 64 119 § 53 64 123 § 52 64 117 § 49 0.74

Cr, g/day 63 0.82 § 0.26 64 0.86 § 0.26 64 0.90 § 0.20 64 0.93 § 0.19 64 0.95 § 0.17 <0.0001

Fasting Ca, mg/dl GF 63 0.10 § 0.09 64 0.07 § 0.06 64 0.07 § 0.05 64 0.06 § 0.04 64 0.08 § 0.05 0.03

Post load Ca, mg/dl GF 63 0.09 § 0.06 64 0.12 § 0.06 64 0.16 § 0.05 64 0.19 § 0.04 64 0.28 § 0.07 <0.0001

DPD, nmol/mmol Cr 16 6.8 § 3.8 19 4.9 § 2.0 18 4.6 § 1.7 20 4.2 § 2.0 21 3.3 § 2.2 <0.0001

L2–L4 Z score 63 ¡0.1 § 1.7 64 ¡0.3 § 1.6 64 ¡0.6 § 1.4 64 ¡1.0 § 1.3 64 ¡1.1 § 1.3 <0.0001

L2–L4 T score 63 ¡2.1 § 1.7 64 ¡2.0 § 1.7 64 ¡2.3 § 1.3 64 ¡2.4 § 1.3 64 ¡2.4 § 1.3 0.08
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Discussion

This retrospective data analysis was conducted in order to
ascertain the potential pathogenetic role of intestinal cal-

cium absorption in postmenopausal osteoporosis. In 319
patients with postmenopausal osteoporosis or osteopenia,
the calciuric response to oral calcium load was obtained as
an indirect measure of intestinal calcium absorption. Their
serum and urinary biochemistry and BMD were compared
between the Wve quintiles of calciuric response as a contin-
uous variable. The opposite extremes of calciuric response
appeared to be physiologically distinct, with one displaying
secondary hyperparathyroidism of vitamin D insuYciency
or deWciency and the other, the biochemical features of AH
(“AH phenotype”).

Patients with postmenopausal osteoporosis or osteopenia
in the Wrst quintile of calciuric response revealed a picture
of secondary hyperparathyroidism and probable high bone
turnover associated with impaired intestinal calcium
absorption. Besides low calciuric response, they had serum
25-OHD in the vitamin D insuYcient-deWcient range, high
serum PTH and high normal ALP, consistent with vitamin
D insuYciency or deWciency [22]. These patients had high
normal or high urinary DPD, suggestive of PTH-dependent
stimulation of bone turnover. The incidence of vitamin D
deWciency in patients attending an osteoporosis program
has been reported to be between 4.1 and 52% [14, 25, 26].

In contrast to the aforementioned presentation, most
patients in the Wfth quintile had exaggerated calciuric
response to oral calcium load, indicative of intestinal hyper-
absorption of calcium. On a dietary calcium intake of about
600 mg/day, the majority of patients had high normal uri-
nary calcium and a minority had hypercalciuria (>220 mg/
day [24]). Most of them therefore had a biochemical picture
of AH type II, a less severe form of the entity where hyper-
calciuria is revealed on high but not on a restricted calcium
intake [27]. Patients in the fourth quintile had high normal
calciuric response and high normal urinary calcium. Thus,
about 20% of patient with postmenopausal osteoporosis or

Fig. 2 Fasting and 24-h urinary calcium for each quintile of calciuric
response. Mean + SD is shown for each quintile. The P-value repre-
sents the test for linear trend across the Wve groups from the analysis of
variance models. Upper normal limits are given by dashed horizontal
lines
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osteopenia had the AH phenotype, and another 20% of
patients had a tendency toward it.

The exact cause for intestinal hyperabsorption of cal-
cium is not known. In some patients with AH of stone dis-
ease, vitamin D excess or sensitivity had been implicated
[27–32]. The Wnding of serum 25-OHD in the vitamin D
insuYcient range among patients in the fourth and Wfth
quintiles makes this possibility unlikely. A potential
involvement of genetic factors has been explored. Reed
et al. found polymorphisms and mutations in the soluble
adenylyl cyclase gene in some stone-forming patients with
AH [33]. However, we have not yet explored this genotype
in our patients with postmenopausal osteoporosis.

It has been proposed that calcitriol overproduction or
increased sensitivity to its eVect could potentially contrib-
ute to bone loss in patients with AH. Unfortunately, calci-
triol levels were not measured in this retrospective study.

Despite uncertainty regarding the underlying causes, it is
becoming increasingly apparent that intestinal hyperab-
sorption may sometimes be linked with low bone forma-
tion. As already discussed, a histomorphometric analysis of
bone has disclosed impaired bone formation among stone-
forming patients with AH [4, 7], as well as in hypercalciu-
ric men with idiopathic osteoporosis [10]. This report in
patients with postmenopausal osteoporosis or osteopenia
further supports the above scheme, since patients present-
ing with increased calcium absorption had depressed uri-
nary DPD.

Based on foregoing discussion, the “AH syndrome”
may in fact be part of a more generalized syndrome
aVecting bone and bowel. In AH presenting with stone
disease, the bowel may be primarily aVected, with hyper-
calciuria from intestinal hyperabsorption of calcium
leading to stone formation. Even in these patients, bone
tissue is not spared, since many patients may have low
spinal BMD or osteoporosis [1, 4]. In patients with idio-
pathic or postmenopausal osteoporosis, the bone tissue
may be the primary target causing osteoporosis. However,
the bowel is also involved, since intestinal calcium absorption
is elevated.

This study implying diVerent physiological basis for
postmenopausal osteoporosis has certain therapeutic impli-
cations. The patients in the Wrst quintile with secondary
hyperparathyroidism and probable high bone turnover
might beneWt from vitamin D supplementation. On the
other hand, if the subgroup of patients with AH were
proven to suVer from low bone turnover, such patients may
be more susceptible to the development of severely sup-
pressed bone turnover from long-term bisphosphonate ther-
apy [34]. The identiWcation of these physiologically distinct
subtypes might also have important diagnostic value. How-
ever, this discrimination requires the use of calciuric
response, and not the 24-h urinary calcium. Unfortunately,

this test is and more laborious than the measurement of uri-
nary calcium.

The present study has certain limitations. First, as a ret-
rospective data analysis, some tests were not planned or
available. Second, the state of bone turnover was estimated
from urinary DPD alone, and not by markers of bone for-
mation or bone histomorphometry. Moreover, it was avail-
able in only 30% of patients, as this test was introduced
many years after the Wrst enrollment of patients. However,
there is little reason to suspect that the distribution of DPD
would have been diVerent had they been available in all
patients.

In summary, the categorization of patients with post-
menopausal osteoporosis or osteopenia into quintiles of cal-
ciuric response disclosed two physiologically distinct ends
of a continuous spectrum. The presentation of the Wrst quin-
tile was consistent with impaired calcium absorption due to
vitamin D insuYciency or deWciency, stimulating parathy-
roid function and bone resorption. The patients in the Wfth
quintile presented a picture of AH of stone disease, with
intestinal hyperabsorption of calcium, high or high normal
urinary calcium and probable low bone turnover. Further
studies are warranted in order to fully appreciate therapeu-
tic and diagnostic implications of these Wndings.
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