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Abstract. In a randomized trial involving 71 post-
menopausal osteoporotic women with vertebral com-
pression fractures, radiocalcium absorption studies using
the 45Ca single isotope method (a) were performed at
baseline and after 8 months of treatment with either
continuous combined hormone replacement therapy
(HRT, as piperazine estrone sulfate 0.625–0.937mg
daily + medroxyprogesterone acetate 2.5 mg daily
depending on uterine status) or HRT plus calcitriol 0.25
mg twice daily. A calcium supplement of 600 mg nocte
was given to only those women who had a daily calcium
intake of less than 1 g per day at baseline, as assessed by
recalled dietary intake. There was a significantdecrease
[0.74 (+ 0.35 SD) to 0.58 (+ 0.22),Da = 70.17 (+
0.26), p<0.0005] in a at 8 months compared with
baseline in the HRT-treated group, but a significant
increase[0.68 (+ 0.31) to 0.84 (+ 0.27),Da = +0.16
(+ 0.30), p<0.003] in the HRT-plus-calcitriol treated
patients, resulting ina being significantly higher after 8
months in the latter group than in the HRT-only group.
Although 72% of the patients had been supplemented
with calcium between the first and second studies,
separate analyses revealed that the change in calcium
intake had not affected the result. Further breakdown of
the groups into baseline ‘normal’ absorbers (a 50.55)
and ‘malabsorbers’ (a <0.55) revealed thata decreased

with HRT treatment only in the normal absorbers, and
remained stable in the malabsorbers. Conversely,
following HRT plus calcitriol treatment,a increased
only in the malabsorbers, the normal absorbers in this
group remaining unchanged. In conclusion, our data
show that HRT, of the type and dose used in this study,
did not produce an increase in absorption efficiency; it
was in fact associated with a fall. Increased absorption
efficiency cannot be achieved unless calcitriol is used
concurrently, and then only in patients with malabsorp-
tion. Calcitriol also had a significant effect in normal
absorbers in that it prevented the decline ina seen with
HRT alone, and thus should be considered in all patients
with postmenopausal osteoporosis treated with HRT.
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Introduction

Malabsorption of calcium has been frequently described
in osteoporosis. It has been attributed to calcitriol
deficiency [1], resistance to the action of calcitriol in
the gastrointestinal tract [2–5], or a lack of estrogen in
postmenopausal or oophorectomized women [6,7].
Calcium malabsorption and increased urinary calcium
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excretionarethemajordeterminantsof calciumbalance
[8], andthereforecould be predictorsof low bonemass
in womenafter the menopause.

In thepast,a numberof studies[9–11] havebeenable
to demonstrate an increase in intestinal calcium
absorption in postmenopausalosteoporotic patients
with vertebral fractures using estrogentherapy, both
with andwithout theconcurrentuseof a progestogen.In
addition, estrogentherapy has been found to protect
oophorectomizedwomen against the fall in calcium
absorptionseen postoperativelyin similar women on
placebo [6]. These studies used conjugated equine
estrogenor ethinyl estradiolin moderateto largedoses.

Calcitriol (1,25-(OH)2 vitamin D), thephysiologically
activemetaboliteof vitamin D, is the main regulatorof
intestinal calcium absorption [12]. Calcitriol, in oral
dosesof 0.25–0.50mg per day, hasalsobeenshownto
increaseintestinalcalciumabsorptionin postmenopausal
osteoporoticwomen[10,13].

Oneway to measurecalciumtransportacrossthe gut
epithelium is to use the fractional rate of calcium
absorption,which is calculated from the amount of
radiocalciumcirculating in the plasma1 h after an oral
bolus doseof radiolabelledcalcium [14]. The mechan-
ism of calciumtransportdependson the sizeof the oral
calcium load. With calcium loads under 5 mmol,
absorption is mainly active, but with loads above 5
mmol the active transportcarrier is saturatedand any
incrementin absorptionat higher gut luminal calcium
concentrationsis theresultof passivediffusion [15]. The
proportion of the active and passivemechanismswill
thereforedependon the size of the calcium load [16].
Furthermore,the active transportmechanismhas been
shownto be vitamin-D-dependentand calcium absorp-
tion via this pathway has been shown to be directly
proportionalto serumcalcitriol levels [17].

To assessthe importanceof malabsorptionof calcium
in osteoporosis,and to elucidatethe possiblemechan-
ismsof theactionsof estrogenandcalcitriol on intestinal
calcium absorption,we studied 45Ca absorptionin 71
postmenopausalwomen.The womenwereenrolledin a
randomizedtrial in which we comparedthe effect of 8
monthsof treatmentwith hormonereplacementtherapy
(HRT) aloneor HRT pluscalcitriol on thefractionalrate
of intestinalcalciumabsorption.

Materials and Methods

Patients

Eighty-oneambulantCaucasianpostmenopausalwomen
aged53–79yearswere recruitedinto the study over a
period of 2 years. Seventy-one of these women
completed8 monthsof follow-up. All the womenhad
osteoporosisas definedby the presenceof at leastone
grade 2 or two grade 1 vertebral fracture(s) [18]. In
addition,at leastonelumbarvertebrahada bonedensity
of 2 standarddeviationsor morebelowthemeanof peak
premenopausalbonedensity(i.e.,T-scorebelow72) on

either anteroposterior(AP) or lateral study (Hologic
QDR 2000 densitometer).Only 7 of the women had
receivedHRT during the past 5 years,and none had
received any of the following during the previous 6
months:HRT, vitamin D (ergocalciferolor calcitriol),
antiepileptic medicationor anabolic steroids.None of
the womenhadeverreceivedbisphosphonateor sodium
fluoride therapy. Corticosteroidswere limited to the
equivalentof 10 mg prednisolonedaily for lessthan 1
monthin theprevious2 years,andinhaledsteroidswere
limited to 1000 mg/day over the same period. (Two
patients,one from each treatmentgroup, commenced
oral prednisolonefor asthma between the first and
second studies. Removing these patients from the
analysisdid not changethe results of the study.) No
patienthadreceivedmorethan150mg thyroxine/dayin
thepast2 years.Patientswith ahistoryof liver or kidney
disease,small bowel resection,current malignancy,or
any diseaseother than osteoporosisknown to affect
calciummetabolismwereexcluded.

StudyProtocol

Patientswere studiedat baselineandafter 8 monthsof
treatment.On entry into the trial, anypatientswho were
taking any form of calcium supplementsstoppedthem
for at least7 daysprior to the baselinetests,andall the
women fasted from 2200 hours the previous night,
drinking only distilled water.The following blood tests
were performedat each time: ionized calcium, intact
parathyroid hormone (PTH), osteocalcin, 25-(OH)
vitamin D and 1,25-(OH)2 vitamin D plus plasmatotal
calcium, creatinine, phosphate,albumin and alkaline
phosphatase;the third morning urine specimenwas
tested for calcium/creatinine ratio, fasting calcium
excretion,hydroxyproline/creatinine ratio, hydroxypro-
line excretion and renal phosphatethreshold (Tmpi/
GFR),usinganalyticalmethodspublishedby Henderson
et al. [19]. Serumtotal 1,25-(OH)2 vitamin D, vitamin D
binding protein (DBP) and the free 1,25-(OH)2 vitamin
D index were measuredaccording to the method
describedby Wilson et al. [20]. Two consecutive24 h
urine collections were taken at baselineand after 3
monthsfor analysisof calcium andcreatinine;baseline
AP and lateral thoracic and lumbar spine radiographs
wereperformed;bonedensitometrywasmeasuredat the
proximal femur (femoralneck, trochanter,intertrochan-
ter andtotal hip) andAP lumbarspineusingdual-energy
X-ray absorptiometry (DXA; Hologic QDR 2000,
Hologic, Waltham, MA). Dietary calcium intake was
assessedat baselineand8 monthsusingrecalleddietary
intakewith thefood frequencyquestionnaireof Anguset
al. [21]. BaselineCa45 absorptiontestswere performed
on all women, according to the 1993 version of the
method of Marshall and Nordin [14]. This technique
useda low dose(0.5 mmol) calcium carrier ascalcium
chloride togetherwith 5 mCi 45Ca in 250 ml distilled
water.
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Following the baseline tests the women were
randomly assignedto two treatment groups using a
method which balancesthe treatmentassignmentfor
certain prognostic factors [22]. These were calcium
absorptionstatus,uterinestatus,yearssincemenopause
andnumberof vertebralfractures:group1 receivedHRT
while group 2 receivedHRT plus calcitriol (Rocaltrol,
Roche)0.25mg twice daily. TheHRT wasin theform of
piperazineestronesulfate(Ogen,Upjohn) in the dosage
described below. In addition, medroxyprogesterone
acetate(MPA) (Provera,Upjohn) 2.5 mg per day was
givento womenwith anintactuterus.Calciumcarbonate
(Caltrate,Whitehall) 0.6 g noctewas given to patients
whohadarecalleddietarycalciumintakeof lessthan1 g
per day. The treatment was given according to the
following protocol:calciumand/orMPA weretakenfor
1 week before adding estronesulfate 0.312 mg/day.
After 3 weeks of this combined therapy, the estrone
sulfatewasincreasedto 0.625mg/day.Ten weeksafter
commencingtreatment,andprovidedno adverseeffects
hadbeenexperiencedby the patient,the estronesulfate
was further increasedup to 0.937 mg/day,the average
dose at the secondtest being 0.830 mg/day. Patients
assignedto group2 commencedcalcitriol after 6 weeks
of treatment with the other agents.The drugs were
startedsequentiallyratherthanconcomitantlyto helpthe
patients interpret side effects. MPA precededestrone
sulfateby 1 weekto moreeffectively block endometrial
estrogenreceptors,with the aim of reducing vaginal
bleeding. The estrogendose was increasedslowly to
limit the developmentof breastdiscomfort. Calcitriol
wasdeferreduntil the patientshadbeenon a moderate
doseof estrogen(0.625mg/day)for 2 weeks.

45Ca absorptiontests were repeated8 months after
commencingHRT (i.e., 6½ monthsafter commencing
calcitriol). The womenagainfastedovernight,drinking
only distilled water.Calciumsupplementswereomitted
the night beforethe test to ensurethat the intestinewas
free of calcium. Patients took their regular tablets
including estrone sulfate, MPA and calcitriol, as
applicable,the night before the test. No tablets were
taken on the morning of the test. Dietary history was
taken as before, and the patientswere weighed. The
biochemicalmeasurementson fasting blood and urine
specimenswere also repeatedat 8 months.The 24 h
urinary calcium study was repeatedafter 3 monthsof
treatment.

Calculationsand Statistics

Radiocalciumabsorptionwascalculatedfrom theplasma
radioactivity1 h after ingestionof the45Ca.Thefraction
of the doseper liter of plasmaat 1 h wasmultiplied by
15% of body weight and expressedas the hourly
fractional absorption rate (a) by reference to a
calibration curve [23]. Dietary calcium intake was
calculatedas milligrams per day [21]. Changeswithin
and between groups over time were assessedusing
analysisof variance(ANOVA) with repeatedmeasures,

with and without the covariates: age, years since
menopause,dietary calcium intake, progestogendose
and plasmacreatinine.Unpaired t-tests were used for
comparisonsbetween the groups where appropriate.
Malabsorptionof calciumwasdefinedasa <0.55[24]. In
thecomparisonsof ‘normal absorber’and‘malabsorber’
groups,the changein a with treatmentasa function of
baselinea wastestedfor regressionto the meaneffects
usingthe methodsof Blomqvist [25]. Forwardstepwise
multiple linear regressionwas performedon baseline
datawith a asthe dependentvariable.

Results

There was no significant difference betweenthe two
groupsin anyof thepretreatmentbaselinemeasurements
(Table1).

The effect of treatmentwith eitherHRT or HRT plus
calcitriol onbiochemicalparametersis shownin Table2.

Figure 1 demonstratesthe effect of HRT alone,
comparedwith HRT plus calcitriol, on the fractional
rate of 45Ca absorptionin postmenopausalwomenwith
vertebral fractures. The fractional rate of intestinal
calcium absorption decreasedsignificantly over 8
months in the patients treatedwith HRT (p<0.0005),
andincreasedsignificantlyover the sametime periodin
thepatientson HRT pluscalcitriol (p<0.003).Therewas
also a significant difference betweenDa in the two
groups(p<0.001).Thusthe additionof calcitriol hadan
overall significant effect on a. Age, years since
menopause,dietary calcium intake, progestogendose
andplasmacreatininewerenot significantcovariates.

Separateanalyseswere then performedwithin each
treatment group to examine the possibility of a
confoundingeffect of calcium supplementationon the
results.Seventy-twoper centof all the patients(81% in
theHRT-only groupand63%in theHRT-plus-calcitriol
group,NS by w2) weregiven a daily supplementof 600
mg calcium after the baselinemeasurementshad been
completed.Eachtreatmentgroupwas thusdivided into
patientswhoweresupplementedwith calcium,andthose

Table 1. Baseline physical measurementson 71 postmenopausal
women,divided by adaptiveassignmentinto two treatmentgroups

Measurement HRT HRT + calcitriol
(n = 36) (n = 35)

Age (years) 69.9 (6.7) 69.9 (7.4)
Height (cm) 155.2(7.8) 156.2(7.0)
Weight (kg) 64.6 (13.7) 61.9 (9.6)
Yearssincemenopause 22.2 (8.1) 23.5 (9.3)
Uterinestatus(% intact) 71 64
Ca absorptionstatus(a) (Fx/h)a 0.74 (0.35) 0.68 (0.31)
L1–4 bonedensity(g/cm2) 0.760(0.156) 0.748(0.115)
Total hip density(g/cm2) 0.721(0.138) 0.689(0.118)
Vertebralfractures(no.) 2.6 (2.1) 2.7 (2.5)

Values are mean(SD). None of the differencesbetweengroupsis
significant.
a.Fx/h is the hourly fractional radiocalciumabsorptionrate.
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who were not. The differential effect of calcium
supplementationon intestinal calcium absorption is
presentedin Fig. 2.

Adaptation of intestinal calcium transport to the
increasedcalcium load was not responsiblefor the fall
in a seenin the HRT-treatedpatientsas the unsupple-
mented patients demonstrateda significant fall from
baselinein a (p<0.05), despitesmall numbers(n = 7).
Conversely, in the patients treated with HRT plus
calcitriol, a increasedsignificantly abovebaselineonly
in the patients not on calcium. Therefore, calcium
supplementationseemedto blunt the responseof a to
eachtreatment.

We next analyzedthe responsesof all the patientsin
eachtreatmentgroup, having first divided them into a
‘normal absorber’subgroupand a ‘malabsorber’sub-
group,asdeterminedfrom the baselinea measurement.
An a value of less than 0.55 was taken to indicate
malabsorptionof calcium [24]. The baselineabsorption
results were thus divided into those above and those
below 0.55, and the respective responsesto each
treatmentregimenwereanalyzedseparately(Fig. 3).

As seenin Fig. 3a,a did not changeovertheperiodof
treatmentin the malabsorbersgiven HRT alone.In the
patients who were normal absorbers at baseline,
however,a decreasedsignificantly, althoughthe mean

Table 2. Comparisonof baselineand8-monthbiochemistryandabsorptionmeasurementsfor the two treatmentgroups

Measurement HRT (n = 36) HRT + calcitriol (n = 35)

0 months 8 months 0 months 8 months

Dietary calciuma (mg/day) 712 (389) 1191(289)* 879 (429) 1224(329)*
a (Fx/h) 0.74 (0.35) 0.58 (0.22)* 0.68 (0.31) 0.84 (0.27)* d

Fastingplasmabiochemistry
25-OH vitamin D (nmol/l) 73 (39) – 68 (31) –
1,25-(OH)2 vitamin D (pmol/l) 104 (37) 119 (41) 92 (35) –
Vitamin D binding protein(mmol/l) 6.24 (2.13){ 6.81 (1.35) 5.16 (1.30){ 6.51 (1.28)*
Free1,25-D index (mol/mol 6 106) 18.15(9.69) 18.48(7.58) 17.88(6.37) –
Ionizedcalciumb (mmol/l) 1.22 (0.04) 1.21 (0.03)* 1.23 (0.04) 1.23 (0.05)
Total calciumc (mmol/l) 2.32 (0.07) 2.26 (0.07)* 2.34 (0.08) 2.32 (0.11)
Creatinine(mmol/l) 77 (12.1) 77 (14.6) 77 (12.0) 80 (14.4)*
Phosphate(mmol/l) 1.09 (0.14) 0.95 (0.11)* 1.11 (0.13) 1.01 (0.13)*
Albumin (g/l) 43.5 (2.7) 42.6 (2.3)* 42.7 (2.6) 42.9 (2.4) d
Alkaline phosphatase(U/l) 97 (24) 79 (27)* 109 (38) 72 (16)* d
Osteocalcin(mg/l) 8.67 (3.13) 6.43 (2.91)* 10.32(5.66) 5.87 (4.14)* d
Intact PTH (pmol/l) 2.45 (1.17) 3.30 (1.72)* 2.23 (0.89) 1.89 (1.34) d

Fastingurine biochemistry
Calcium/creatinine(mol/mol) 0.37 (0.32) 0.18 (0.12)* 0.31 (0.17) 0.34 (0.23) d
Calciumexcretion(mmol/l GF) 28.2 (27.5) 13.7 (9.3)* 23.8 (13.7) 28.1 (20.0) d
Hydroxyproline/creatinine(mmol/mol) 22.2 (8.3) 15.7 (5.5)* 23.0 (8.0) 14.1 (4.1)*
Hydroxyprolineexcretion(mmol/l GF) 1.68 (0.55) 1.17 (0.34)* 1.73 (0.56) 1.13 (0.38)*
Tmpi/GFR (mmol/l GF) 0.99 (0.18) 0.86 (0.16)* 0.98 (0.21) 0.87 (0.17)*
24 h Urinary Calciumd (mmol/day) 3.12 (1.34) 2.99 (1.42) 3.31 (1.70) 5.34 (2.48)* d

Valuesaremean(SD).
* .Significantdifferencefrom baseline(p<0.05).
a.Eight monthdietarycalcium inclusiveof supplements.
b.Ionizedcalciumcorrectedto pH 7.40.
c.Total calciumcorrectedto an albuminof 44.
{.Significantdifferenceat baseline.
d.The 24 h urine calciumwasrepeatedat 3 months.
d.Significantdifferencebetweenthe changefrom baselineto 8 monthsin the two treatmentgroups(p<0.05).

Fig. 1. Effect of HRT andHRT pluscalcitriol on thefractionalrateof
intestinal 45Ca absorption.Squares, patientson HRT only (n = 36);
triangles, patients on HRT plus calcitriol (n = 35). *Significant
difference from baselinein each group (p<0.005), assessedusing
ANOVA with repeatedmeasures.Valuesfor a at8 monthsfor thetwo
groupsare also significantly different from eachother (p<0.0001).
Error bars are + SEM. The dotted line at a = 0.55 representsthe
division between‘normal’ gut calcium absorptionand ‘malabsorp-
tion’, asdefinedby Needet al. [24].
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Fig. 2. a Effect of calcium supplementationand HRT on intestinalcalcium absorption.Opensquares, patientsnot on calcium (n = 7); filled
squares, patientson calcium(n = 29). *Significant differencefrom baseline(p<0.05); ** p<0.003.Error barsare+ SEM. b Effect of calcium
supplementationand HRT plus calcitriol treatmenton intestinalcalcium Absorption.Opentriangles, patientsnot on calcium (n = 13); filled
triangles, patientson calcium(n = 22). *Significant differencefrom baseline(p<0.01).

Fig. 3. Effect of HRT with or without calcitriol on a in normalabsorbersandmalabsorbers.*Significantdifferencefrom baseline(p<0.001).The
patientsweredividedinto eithernormalabsorbers[opensquares, HRT (n = 25),opentriangles, HRT + calcitriol (n = 23)] or malabsorbers[filled
squares, HRT (n = 11); filled triangles, HRT + calcitriol (n = 12)] dependingon their baselinetestresult.Thedottedline representsthecutoff for
malabsorptionof calcium.Error barsare+ SEM.
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remainedin thenormalrangeanddid not fall below the
malabsorptionthreshold of 0.55. Conversely, in the
patientstreatedwith HRT plus calcitriol (Fig. 3b), the
malabsorbersrespondedwith a significantimprovement
in intestinal calcium absorptionto within the normal
range,but thenormalabsorbersshowedno change.Thus
Da wasrelatedto baselinea in eachof thetwo treatment
groups.Therewerealsosignificantdifferencesbetween
the responsesto the two treatments(Da) within the
malabsorbers(p<0.005),and betweenthe responsesto
the two treatments within the normal absorbers
(p<0.0001).

We thenexaminedwhetherthe differing responsesof
‘normal absorbers’versus ‘malabsorbers’in the two
treatmentgroups could have been influenced by the
regressionto the mean effect [25], i.e., whether the
overall dependenceof Da on baselinea real or not?An
estimate of within-subject variability (l) at baseline
(0.047for the HRT-only group,and0.059for the HRT-
plus-calcitriol group) was determinedfrom data on 27
Adelaidepostmenopausalosteoporoticwomen(A. Need,
personal communication, 1997). Repetition of the
procedureutilizing assumedvalues of l showedthat
the negative relationship betweenDa and baselinea
persistedfor all plausiblevaluesof l (i.e.,up to 0.4).The
conclusionsdrawn from Fig. 3 are thereforevalid and
not influencedby a regressionto the meaneffect.

Table 3 shows the results of the forward stepwise
multiple linear regressionperformedon 81 patientsat
baselinewith a asthedependentvariable.Thefollowing
variableswere also includedin the regressionbut were
not foundto besignificantlyrelatedto a: dietarycalcium
intake, numberof vertebral fractures,total L1–4 bone
density,serumionized calcium (correctedto pH 7.40),
osteocalcin,intact PTH, 25-(OH) vitamin D, total 1,25-
(OH)2 vitamin D, vitamin D bindingprotein(DBP), free
1,25-(OH)2 vitamin D index, plasma total calcium
(corrected to albumin of 44), plasma creatinine and
alkaline phosphatase;fasting urinary calcium/creatinine
ratio, fasting calcium excretion,hydroxyprolineexcre-
tion, hydroxyproline/creatinine ratio and Tmpi/GFR.
Weight wasexcludedfrom the regressionsinceit is an
integral part of the calculation of a, and height was
excludedbecauseof its closerelationshipwith weight.

In simple regression,a correlatedwith total 1,25-
(OH)2 vitamin D (r = 0.26, p<0.02) and the free 1,25-
(OH)2 vitamin D index (r = 0.31,p<0.007).Total 1,25-
(OH)2 vitamin D3 was found to be significantly

correlatedwith albumin (r = 0.49), explaining 24% of
the variance.Albumin wasalsocorrelatedwith the free
1,25-(OH)2 vitamin D index (r = 0.35), but not with
DBP. Thesecorrelationssuggestedthat albumin may
havebeenactingasa surrogatefor 1,25-(OH)2 vitamin
D in the multiple linear regression.However,whenthe
regressionwasrepeatedwithout albumin,thesignificant
correlatesof a were: 24 h urinary calcium, fasting
hydroxyproline/creatinineratio, plasmaphosphate,age,
1,25-OH2 vitamin D andyearssincemenopause.These
variablesaccountedfor a total of 38%of thevariancein
a, the contributionof 1,25-(OH)2 vitamin D beingonly
4%.Thiswould indicatethatalbuminwasnotactingasa
surrogatefor 1,25-(OH)2 vitamin D.

Whenthechangesin thevariablesin all patientswere
regressedon the variableDa, the significant correlates
wererestrictedto D24 h urinarycalciumpositively (r2 =
0.18,p<0.0007)andD fastinghydroxyproline/creatinine
ratio negatively (r2 = 0.07 p<0.01): seeFig. 4. In the
HRT-only group,Da correlatednegativelywith Dosteo-
calcin (r2 = 0.08). In the HRT-plus-calcitriol group,Da
correlatedpositively with Dplasmatotal calcium (r2 =
0.06),D24 h urinary calcium(r2 = 0.04)andnegatively
with Dhydroxyproline/creatinine ratio (r2 = 0.06).

Discussion

Our data show a reduction in gut calcium absorption
with HRT which was prevented by concomitant
treatmentwith calcitriol. Our results with HRT alone
are thereforein conflict with thoseof severalprevious
studies [9–11] and this may be due to a number of
factors.

Firstly, the previousstudieswhich demonstratedan
improvementin calciumabsorptionwith HRT involved
smallernumbers(10 or 11 subjects[9–11] vs 36 women
in our HRT group) and thereforewere more open to
randomerror.

Fig. 4. CorrelationsbetweenDa and D24 h urinary calcium (filled
circles), plus Da andDfasting hydroxyproline/creatinineratio (open
squares), in all patients.

Table 3. Baselinecorrelatesof a

Variable r2 B p value

Albumin 0.17 70.03 0.009
Total hip bonedensity 0.08 70.59 0.02
24 h urinary calcium 0.06 70.26 0.006
Plasmaphosphate 0.03 70.57 0.02
Age 0.04 70.02 0.004
Yearssincemenopause 0.03 70.01 0.05

B is the non-standardized regressioncoefficient.
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Secondly,the effective estrogendosagein this study
wasconsiderablysmallerthan thoseusedby any of the
previousauthors.Furthermore,piperazineestronesulfate
is a less potent estrogen[26] than conjugatedequine
estrogens[10,11] or ethinyl estradiol[9] usedin these
earlier studies.Also, oneof thesepreviousstudiesused
cyclic estrogenwith a progestogen[9], another used
cyclic estrogenalone [10], and one used continuous
estrogenwith no progestogen[11]. Direct comparisons
arethereforenot possible,andit is conceivablethat the
different forms of HRT could influence intestinal
calciumabsorptionin different ways.

Thirdly, calcium supplementation in some patients,
betweenthe pre- andpost-treatmentcalciumabsorption
tests,couldhavecausedthegut to adaptto the increased
dietary calcium load. The intestineabsorbscalcium by
vitamin-D-dependentand vitamin-D-independent me-
chanisms.Vitamin-D-dependent absorptionis mediated
by an active carrier, whereasvitamin-D-independent
absorptionis a passiveresponseto chemicalgradients
[17]. It has beenshown that the active componentof
intestinalcalciumabsorptioncanadaptto changesin the
calcium load in the diet [7]. In our study, calcium
supplementationwas given to somepatientsto ensure
that all women had adequateand approximatelyequal
intakes.However,to excludeany potentialconfounding
effect of calcium supplementationon calcium absorp-
tion, we analyzedthe two groupsof patientsseparately,
with andwithout calcium,andwereableto excludesuch
an effect (Fig. 2a). Direct comparisonswith previous
studies [9–11] are again difficult as they did not
supplementany of their patientswith calcium between
the first andsecondtests.

The responseof a to the two treatmentsproduced
quite divergentresults.In the HRT-treatedpatientsthe
biochemicalevidencepointsto a failure in the renal1a-
hydroxylaseresponseto PTH. Although HRT predic-
tably causedrenal calcium conservation(by combined
direct and PTH stimulated effects [27]) which alone
would lead to a significant rise in plasma calcium,
plasmaionized and total calcium levels actually fell,
presumablydue to direct inhibition of bone resorption
and decreasedefflux of calcium from bone to the
extracellular fluid. Thus the antiresorptiveeffect on
plasmacalcium levels was greater than the effect on
renal calcium conservation.PTH rose significantly,
which shouldhaveled to an increasein renal calcitriol
production. However, there was no increasein total
1,25-(OH)2 vitamin D, DBP or the free 1,25-(OH)2
vitamin D index in our patients.Renalresistanceto the
stimulatory effects of PTH has previously been
demonstratedin patientswith age-relatedosteoporosis
[28]. This could have accountedfor the lack of an
increasein 1,25-(OH)2 vitamin D seenin the HRT-only
group, but it does not explain the fall in a. We are,
therefore,unableto fully explain the decreasein a with
HRT, althoughwe cannotdiscountthepossibility that in
theage-relatedosteoporosisphenotype,HRT hasadirect
inhibitory effect on the ability of the intestineto absorb
calcium.

In the HRT-plus-calcitriolgroup,however,the entire
mechanism is dominated by calcitriol. Unlike the
responsewith HRT alone, which is essentiallydriven
by PTH, calcitriol has a direct effect on the gut to
increasea regardlessof the body’s need for calcium.
Extra calcium is thereforelost in the urine seenas an
increased24 h urinarycalcium,while thefastingurinary
calcium/creatinineratio remains unchanged,and the
expectedrisein PTH seenwith HRT aloneis suppressed
(seeTable2).

To our knowledgethis is the first time a study of
intestinalcalciumabsorptionhascomparedthe effect of
HRT with or without calcitriol in normalabsorbersand
malabsorbersas separategroups.We found a profound
difference in the way thesetwo groups respondedto
HRT alone. Patients with malabsorptionshowed no
changein absorptionstatus,but a fell significantly in
patientswith initially normal absorption(seeFig. 3a).
Thepatientson HRT pluscalcitriol alsodiffered in their
responses,dependingon whether they were normal
absorbersor malabsorbersat baseline.Themalabsorbers
showed the best response,with a rising above the
malabsorptionthreshold of 0.55 in this group. The
normal absorbers,however,did not change.Thesedata
agree with those previously reported using calcitriol
alone, where a in patients with postmenopausal
osteoporosison calcitriol treatment improved only if
the patienthadmalabsorptionof calcium[24].

Perusalof the datapresentedby Civitelli et al. [11]
suggeststhat the estrogen-inducedincreasein intestinal
calcium absorptionwas of greatestmagnitudein the
malabsorberswithin their sample. The patients with
higher baselinecalcium absorptionhad relatively small
improvementsafter 12 months of estrogentreatment.
However,the responsesof our HRT-only patientswere
in markedcontrastto thesepreviousfindings.Our data
do not back up the assumptionthat HRT increases
intestinal calcium absorptionin either malabsorbersor
normalabsorbersof calcium.

We cannotassumethat HRT correctsall the negative
features of postmenopausalosteoporosis. Estrogen
improves renal calcium conservation[27,29,30] and
decreasesbone resorption [10,11,31,32] and these
actionsin turn improve calcium balance.However,our
dataindicatethatHRT, of the typeanddoseusedin this
study, decreasesintestinal absorption of calcium in
normal absorbersand produces no improvement in
malabsorbers.

Calcitriol has in the past been shown to improve
calcium absorption in postmenopausalwomen with
vertebral fractures[10,33]. A recent study [24] found
that calcitriol in a doseof 0.25mg daily for 6–12weeks
failed to improvea in osteoporoticpatientswhoseinitial
a wasabove0.55,but did improveabsorptionin patients
with aninitial a below0.55.Their patientsall receiveda
calcium supplementof 1 g per day during the study
period.We did not havea ‘calcitriol-only’ groupto form
direct comparisonswith thesepreviousdata; however,
the present study shows that although HRT plus
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calcitriol will improve a only in patients who have
malabsorptionof calcium, the combined therapy also
preventedthe HRT-relateddeclinein normalabsorbers.

The biochemicaleffectsof HRT plus calcitriol on a
aresupportedby thegreatereffectof addedcalcitriol on
alkaline phosphataseand osteocalcin,two indices of
bone formation and turnover (see Table 2). The
differencesin the decline of bone resorption indices
did not reachsignificance.

Treatmentwith calcitriol hasbeenshownto improve
spinal bone density [34] and to reduce the rate of
fracturesin some[13,35] but not all [22,36] studiesof
postmenopausalosteoporoticwomen. Studies in pro-
gresson thepatientsin our trial will showwhetherthose
with initially goodcalciumabsorptiongo on to develop
theseotherfavorableresponsesto HRT andcalcitriol, or
whetherthesebone improvementsare limited to those
patientsin whommalabsorptionhasbeencorrectedwith
concomitantcalcitriol.

In conclusion,ourdatasuggestthatin postmenopausal
osteoporoticpatientson HRT, calcitriol shouldbe used
aspart of the treatmentevenwhencalcium malabsorp-
tion is not present.While thegreatestbenefitwasfor the
patients with calcium malabsorption,the addition of
calcitriol also preventedthe significant decreasein a
seen in normal calcium absorberstreated with HRT
alone.Thereis, therefore,a potentialrole for calcitriol in
additionto HRT treatmentfor osteoporoticpatientswho
arenormalabsorbersof calcium.Calcitriol treatmentis
well knownto carry thepotentialrisksof hypercalcemia
and/or hypercalciuria,and occasionallynephrolithiasis
or nephrocalcinosis.Thus periodic measurementsof
plasma and urinary calcium are vital during such
treatment,with reductionof thecalcitriol and/orcalcium
dosageas indicated. Radiocalciumabsorptiontests to
distinguishmalabsorbersfrom normalabsorbersarenot
readily availablein the community,and knowledgeof
the beneficial effects of calcitriol in both absorption
categoriespresentedin this studyshouldbevaluablefor
doctorsprescribingtreatmentfor osteoporosis.
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