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CLINICAL RESEARCH

Simple test of intestinal calcium absorption measured by stable
strontium

STELLA MILSOM, KAYE IBBERTSON, SHARON HANNAN,

Abstract

A clinical test ofintestinal calcium absorption has been developed
using non-radioactive stable strontium as a calcium tracer. In
nine elderly subjects there was a close correlation between the
fractional absorption of strontium and radioactive calcium (45Ca)
during a five hour period after the simultaneous oral admini-
stration of the two tracers. Comparable precision was achieved
with each tracer in six subjects in whom the test was repeated
after two weeks. The effect of food on strontium absorption was
examined in a further 33 normal subjects (age 21-60 years), and
the administration ofthe strontium with a standard breakfast was
shown to reduce the variance at individual time points. A
simplified test in which serum strontium concentration was
measured four hours after the oral dose given with a standard
breakfast was adopted as the routine procedure. The normal
range (mean (2 SD)), established over 97 tests in 53 patients, was
7*0-18-0% of the dose in the extracellular fluid. A further 30
patients with possible disorders of calcium absorption (10 with
primary hyperparathyroidism and 20 with coeliac disease) were
studied by this standard test. In both groups ofpatients the mean
four hour strontium values were significantly different from
normal.

This standard strontium absorption test allows assessment of
calcium absorption with sufficient sensitivity and precision to
have a wide application in clinical practice.
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Introduction

Recent interest in the role ofcalcium supplements in preventing and
treating osteoporosis has underlined the need for a simple and
inexpensive test of calcium absorption. Relative malabsorption of
calcium occurs in a significant proportion of osteoporotic patients,
and in this group dietary calcium and even conventional calcium
supplements may not be adequate to maintain calcium balance.
Conversely, unsuspected calcium hyperabsorption can cause hyper-
calciuria and subsequent renal stone formation in susceptible
subjects.2 Such patients can be identified by calcium tracer tests,
which usually entail the administration of a radionuclide such as
45Ca or 47Ca. These tests are expensive and usually available only in
major centres. Because the tracers are radioactive their use is
restricted to older patients and they are not generally suitable for
repeated measurements.
The need for a more suitable clinical test with wider application

led us to develop a test ofcalcium absorption using stable strontium.
In an earlier study we showed a close correlation between serum 45Ca
and stable strontium concentrations after an oral dose of the tracers
given on consecutive days under fasting conditions in patients with
various abnormalities of calcium metabolism.3 In this study we
compared the simultaneous absorption of 45Ca and strontium in
normal subjects and assessed the comparative precision of each test.
To optimise and simplify the procedure we took serum samples for
measurement at different times and studied the effect of a standard
breakfast on the absorption oforal strontium. A modified strontium
tracer test was then used to assess patients in whom intestinal
calcium absorption was likely to be abnormal.

Patients and methods

Oral doses of 5 itCi 45Ca with 20 mg of calcium carrier (as the chloride) or
2 5 mmol stable strontium chloride, or both, were given with 200 ml distilled
water with the patient either fasting or eating a standard breakfast that
contained 1-2 mmol elemental calcium (46 mg) by analysis. (The standard
breakfast was 100 g (dry weight) canned peaches in 50 ml peach juice, two
slices of thin white bread with butter (10 g), and honey (10 g). A morning
snack given two hours after strontium administration was 250 ml pure
orange or mango juice and two roundwine biscuits.)

45Ca was measured by liquid scintillation counting with a toluene triton
scintillant. Strontium was assayed by an atomic absorption spectrophoto-
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meter (Varian-Techtron, Melbourne); a lanthanum chloride/hydrochloric
acid diluent was used to remove interference from phosphate, and
absorbance was measured at 460-7 nm.4 The interassay coefficient of
variation of strontium measurement was 1-45%.

Because the standard strontium test was developed for general clinical use
data calculations were simplified and the results expressed as the percentage
of the dose in the extracellular fluid ((FcSr) assuming extracellular fluid=
15% body weight in kg) in preference to a rate (a) measurement. Our
previous studies have shown an excellent correlation between FcSr and a 41Ca
(r=0-87) over four hours (95% confidence interval 0 635 to 0 944).3 The
absorption of stable strontium and 41Ca was compared by measuring serum
concentrations at 60 minute intervals for five hours in nine normal elderly
subjects (mean age 65 years) who were taking no medication after a single
oral dose of strontium and 45Ca given with the standard breakfast. The
precision of the two tracers was obtained in six of these subjects by
comparison with an identical test repeated after an interval of two weeks.
To test the effect of breakfast on strontium absorption and to investigate

the comparative precision of fed versus fasting conditions, we measured
serum concentrations of strontium at one, four, and five hours in 25 normal
subjects aged 21-60 years (mean age 36 years) who were given the oral
strontium dose (2-5 mmol) with the standard breakfast. In 19 of these
subjects the test was repeated on a second occasion at least two weeks later.
In a further 14 normal subjects aged 22-51 years (mean age 34 years) the oral
strontium dose was repeated twice in the fasting state. In all tests the
strontium concentration in urine was measured in a sample taken after five
hours.
The procedure was later simplified with serum strontium measured only

at four hours after the standard oral dose with breakfast. This simplified test
was performed in duplicate in a further 19 randomly selected normal
subjects and on a single occasion in 30 outpatients with disorders likely to
alter calcium absorption. This group included 10 patients with untreated
mild hyperparathyroidism (serum calcium concentration 2-64-3-19 mmol/l,
serum creatinine concentration 0 08-0- 11 mmol/l, raised serum parathyroid
hormone concentration 73-9-100 pmol/1) and 20 patients with coeliac
disease confirmed by biopsy. Nineteen of the coeliac patients had already
been treated with a gluten free diet, and biochemical indices were normal at
the time of the strontium absorption test; one patient with coeliac disease
was untreated.
The statistical analyses were performed using the SAS (Statistical Analysis

System) package on an IBM 4341 computer. Procedures used were analysis
of variance, regression analysis, and two tailed Student's t test. The
precision, within and between subjects, was calculated as

'variance xt(O- 5n)
x 100

mean

where the variance, within and between subjects, was derived from the
analysis of variance, mean was the overall sample mean, and twas Student's t
statistic for the appropriate number of measurements at the p=0 05 level of
significance. As the strontium values showed appreciable skewness-that is,
the mean and median did not coincide-the data were transformed
according to the method of Hoaglin et al with the power being 0 25.5 For all
further analyses the strontium data were thus transformed. The 95%
confidence intervals were calculated for the mean data as ± 1-96 x standard
error of the transformed mean then reconverted to the dose units. The
confidence limits for the regression coefficients were calculated by the
formula +±t(o.o5,.)x SE($) where i is the estimated regression coefficient in
the model Ca= O x Sr, and n is the number of subjects.

All subjects gave informed consent and the studies were approved by the
Auckland Hospital ethical committee.

Results

The fractional absorption of strontium was about half that of 45Ca, but the
pattern ofserum concentrations plotted against time was very similar. There
was a close correlation between 41Ca and strontium concentrations at all time
points (correlation coefficients, range 0-98 at one hour to 0-986 at four hours)
with the same slope for the regression over the three, four, and five hour
samples by the General Linear Models procedure, with an F test for
significance of difference between the correlation coefficients (fig 1). Table I
shows these results with the variance and precision obtained by repeating the
test in six of the nine subjects after an interval oftwo weeks. The variance of
the strontium data was less than that for 4"Ca at all time points; however, the
differences in relative size of the means gave a comparable precision (about
30%) for repeated tests for both tracers.

Figure 2 shows the effect of the standard breakfast on strontium
absorption. The fractional absorption of strontium at each time point was
reduced but the shape of the absorption curves remained unchanged.
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Administration ofthe strontium dose with the standard breakfast resulted in
a significant reduction in variance within and between subjects (table II)
with a consequent improvement in precision of repeated single measure-
ments at one, four, and five hours. The mean five hour urine strontium
excretion was 1-29% (range 0 30-2 89%) of the administered dose.
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FIG 1-Plot of the absorption of strontium v 45Ca when given simultaneously on
15 occasions to nine normal elderly subjects. The regression line is calculated
from the four hour values obtained from the first test in each subject.

TABLE I-Comparison ofstrontium and45Ca given simultaneously in nine subjects with
the standard breakfast

Time % Dose in extracellular fluid Variance Precision
samples 95% Confidence
taken interval for (3 Coefficient of Between Within Within
(hours) A* Mean variation (%) subject subject subject

1 2-47(2-11 to2-84) Sr 5-52 40-2 2-58 2-33 59.1
Ca 13-64 30-1 10-53 9-55 41 3

2 2-02(1-69to2 34) Sr 9 53 33-2 6-21 3 50 41-6
Ca 19-22 24-8 14-74 8 75 30-2

3 1-87(1-68to2-06) Sr1051 304 8-02 2-10 288
Ca 19-66 24-6 15 22 9-13 30-1

4 1-86(1-67to2-05) Srl0-12 26-4 4-71 2-36 31 3
Ca 18-82 24-2 901 12-30 36-5

5 1-89(1-64to2-14) Sr 9-38 26-0 4-98 1-56 26-2
Ca 17-71 23-3 6-65 10-74 36-3

*13=Slope from the regression to the model: Ca=(3 x Sr.
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FIG 2-Fraction of dose of strontium in extracellular fluid at each time point after
administration with a standard breakfast (o--o) or after an overnight fast (x--x).
Each point represents mean (SD).
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TABLE II-Comparison ofthe strontium test underfed andfasting conditions

Time % Dose in extracellular fluid Variance Precision
samples
taken No of 95% Confidence Between Within Within
(hours) subjects Mean interval subject subject subject

1 Fasted 28 12 97 4-05to21-89 11-0 9-2 48-5
Fed 38 6-91 281 to 1281 2-9 2-0 40-1

4 Fasted 28 19-72 9 34 to 30-10 11-0 17-2 41-2
Fed 38 11 28 6-66to 18 61 5 6 3-4 32-1

5 Fasted 28 19 56 8 38to30 74 12 5 20-1 44-9
Fed 38 10 91 672 to 1734 40 3 3 32 7

Strontium absorption was tested in 34 fed normal subjects (mean age 44
years, range 21-78 years) on 59 occasions at one, four, and five hours. There
was no significant difference between the four and five hour values indicating
that equilibrium had been reached by this time. A simplified test in which
serum strontium was measured four hours after the oral dose given with the
standard breakfast was adopted as the routine procedure and performed in
duplicate in a further 19 subjects. Data from a total group of97 observations
in 53 fed subjects provided the basis of the normal range and final estimate of
precision (table III). Because the data showed a significant skewness to the
upper range these values were transformed before calculating the mean and
95% confidence interval. For clinical purposes, the normal range for the four
hour value was taken as 7-0- 18-0% of the dose in the extracellular fluid.

TABLE iii-Fractional absorption ofSr after a standard breakfast

Time after Normal range Variance Precision
samples
taken No of 95% Between Within Within
(hours) observations Mean Confidence interval subject subject subject

1 59 6 25 2-7 to 12 3 3 09 2-4 48-4
4 97 11-6 68to180 6-9 2-1 24-8
5 59 10 5 6-4 to 16-8 3-6 3-4 34-4

To evaluate further the standard test in a clinical setting strontium
absorption was measured in 30 patients with possible abnormalities of
calcium absorption (fig 3). In seven out of 10 patients with mild to moderate
primary hyperparathyroidism the four hour serum strontium concentration
was above the upper limit of normal and the mean concentration was
significantly increased as shown by the t test on the transformed data
(p<O0OOl). In contrast, four hour strontium concentrations were below
normal in more than half of 20 patients with biopsy proved coeliac disease
and the mean was significantly lower than normal (p<O0001). Nineteen of
these patients were on a gluten free diet and in all the results of biochemical
tests were normal. In the one untreated patient the four hour strontium
concentration was 4% of the dose in the extracellular fluid which was well
below the lower limit of normal.

Discussion

Stable strontium has several advantages over 45Ca or 47Ca radio-
nuclides for testing calcium absorption. It is cheap, widely available,
and can be measured with equipment found in many hospital
laboratories. (In New Zealand beta scintillation counters, which are
needed for counting 45Ca, are found only in major hospitals;
spectrophotometric equipment, however, is found not only in major
centres but also in a fair number of smaller hospitals.) Because it is
non-radioactive the effect oftreatment on calcium absorption can be
assessed with repeated tests. This study confirmed that in normal
subjects there is the close correlation between the absorption of
strontium and 45Ca that has already been shown in patients with
various disorders of calcium metabolism.3 The closely matched
absorption curves support in vitro evidence that calcium and
strontium are absorbed by the same intestinal mechanism, although
the lower serum strontium concentrations at each time point reflect
its less avid binding to the calcium carrier protein.6

Previous studies have suggested that there is considerable day to
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day variation in calcium absorption within individuals, but relatively
few investigators have formally reviewed the reproducibility of
conventional calcium absorption tests. Avioli et al reported a within
subject coefficient ofvariation offractional absorption ofabout 10%
measured under constant balance conditions, but only three
patients were tested.7 Tellez etalused adoubleisotope deconvolution
procedure and found the reproducibility (precision) of the absorp-
tion fraction to be at best 16-5%.8 Such variations might relate to
the timing ofserum samples or variation in gastric emptying. Earlier
samples are likely to be more influenced by the gastric emptying
time,- and test procedures that take one hour9 or two hour samples'0
show a wide scatter in population data. A reduction in variance was
achieved by Heaney and Recker by sampling 45Ca at later times and
correcting for surface area and serum calcium." Our own data show
surprisingly little difference in variance between the one, four, and
five hour samples and this may reflect the fact that subjects were fed.
The absolute absorption of strontium was lower at one hour,
however, and consequently the distinction between normal and
abnormal was less likely to be accurate at this time. The four and five
hour values were not significantly different, allowing flexibility in
timing, but four hours was chosen as being more convenient. To
simplify our test we did not correct for serum calcium concentration
but adjusted in part for surface area by expressing data as the
percentage of the administered dose in extracellular fluid.
The administration of the strontium dose with food had a much

greater influence on the within and between subject variance than
did the choice of sampling time, and there was a striking improve-
ment in these indices when the strontium was given with a standard
breakfast. This finding supports the observations that the calcium
absorption test is likely to be less variable when the tracer is given
with food." In the present study absorption was measured with
greater precision by strontium than by 45Ca. Furthermore, the
within subject precision of 25% for the four hour serum strontium
concentration is similar to the 95% confidence limits for an observed
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FIG 3-Comparison offour hour strontium concentrations in 97 normal controls,
20 patients with coeliac disease (19 treated), and 10 patients with primary
hyperparathyroidism. The mean and 1SD are shown for each group.
* Patient was untreated.

t
 on 24 M

ay 2023 by guest. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
r M

ed J (C
lin R

es E
d): first published as 10.1136/bm

j.295.6592.231 on 25 July 1987. D
ow

nloaded from
 

http://www.bmj.com/


234 BRITISH MEDICAL JOURNAL VOLUME 295 25 JULY 1987

change of ± 16-5% of administered dose in a given individual
reported by Tellez et al for 45Ca absorption measured by a complex
double isotope deconvolution technique.8 It was hoped that a
measurement of urine strontium excretion might also be a useful
predictor of calcium absorption but the small percentage excreted
over the five hours of the test made this an unreliable index.
The results obtained in the two patient groups confirm the utility

of the strontium absorption test in clinical practice. Increased
calcium absorption has been reported in some patients with primary
hyperparathyroidism and this is confirmed here.'2 On the other
hand, reduced absorption of calcium is known to occur in gluten
induced enteropathy.'3 This has been attributed variously to a
mucosal defect, complexing of calcium by unabsorbed fat, and
vitamin D deficiency. 14 Our finding of strontium malabsorption in
10 out of 19 treated patients indicates a persisting abnormality
despite clinical remission. The nature of this abnormality is
currently being investigated.
We are grateful to Mrs C.Copson, Mrs A Stewart, and MrsM Hutchison

for their expert technical help; to Mrs L Lloyd, dietitian, for designing and
providing the standard breakfast; and to Mr A Stewart and Dr C Wild for
statistical advice. Mr T Lim performed the 45Ca measurements and Mrs E
Bambury gave excellent secretarial assistance. This study was supported by
the New Zealand Medical Research Council.
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Gall stones in sickle cell disease in the United.Kingdom

L R BOND, S R HATTY, M E C HORN, M DICK, H B MEIRE, A J BELLINGHAM

Abstract

The prevalence of gall stones was studied prospectively by
abdominal Wltrasound examination in 131 patients with sickle cell
disease aged 10-65 years. Of 95 patients with homozygous
sickle cell disease, 55 (58%) had gall stones or had had a
cholecystectomy. Gall stones were present in four out of24 (17%)
patients with haemoglobin S+C disease and two out of 12 (17%)
with haemoglobin Sp thalassaemia. The presence of gall stones
was not related to sex, geographical origin, or haematological
variables and was not associated with abnormal results of liver
function tests. Symptoms typical ofbiliary colic were reported by
32 out of 47 adult patients with gall stones, and cholecystitis or
cholestasis was diagnosed in 18. Cholecystectomy was per-
formed in 29 patients with good relief ofsymptoms in most cases.
Postoperative complications were common, occurring in 10 of
the 28 patients who could be evaluated, but not generally serious;
they were considerably lessened by a preoperative exchange
transfusion that reduced the haemoglobin S concentration to
below 40%.

It is suggested that all patients with sickle cell disease should

be screened routinely for gall stones and that elective chole-
cystectomy should be performed in those 'with symptoms or
complications.

Introduction

Gall stones are common in sickle cell anaemia owing to chronic
haemolysis, but the importance of this complication has not been
established. In the first two reports of sickle cell disease in 1910-1 1
both patients had recurrent "bilious" attacks, and one had a
cholecystectomy. 2 The prevalence of gall stones reported in
homozygous sickle cell disease (Hb SS) has varied widely, being
from 34% to 70% in the United States,3'- 29% in Jamaica,6 from 4%
to 25% in Africa,7' and 8% in Saudi Arabia.9 This variability may
reflect differences in the patients studied, age, and the sensitivity of
diagnostic methods (plain radiography or oral cholecystography).
Recently, ultrasonography has become a reliable non-invasive
method for investigating the biliary tract. Prospective studies
restricted to children have shown that the prevalence of gall stones is
from 17% to 29% and increases with age,'0-'3 but studies in adults are
lacking.

Symptomatic biliary tract disease is difficult to diagnose in a
patient with sickle cell disease who has acute abdominal pain, fever,
and jaundice because such symptoms can occur in a vaso-occlusive
crisis; in one study five out of seven patients who had emergency
laparotomy for presumed acute cholecystitis had a normal gall
bladder.4 Equally, however, a diagnosis of "abdominal crisis" or
"hepatic crisis" can mask attacks of biliary colic or cholestasis.3 4 14 15

In the management ofestablished gall bladder disease some workers
have reported little relief of symptoms after cholecystectomy3 4 but
others have reported better results and suggested that surgery
should be done in all cases.'II 14 16 Most authors have emphasised the
increased surgical risks in these patients.
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