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Healthy, Postmenopausal Women

L. Beeksgaar] K. P. Andersefiand L. Hyldstrup
1Department of Endocrinology (157), Hvidovre Hospital, Hvidovre; dhdbe Ltd., Hadsund, Denmark

Abstract. We undertook a double-masked, randomized Keywords: Calcium intake; Osteoporosis; Prevention;
placebo-controlled trial to evaluate the effect of aVitamin D intake

calcium and vitamin D supplement and a calcium
supplement plus multivitamins on bone loss at the hip,

spine and forearm. The study was performed in 240

healthy women, 58-67 years of age. Duration ofintroduction
treatment was 2 years. Bone mineral density (BMD)

was measured at the lumbar spine, hip and forearm. Ay ,jng the last decade there has been lack of consensus
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the placebo group. In conclusion, we found a significan Several studies have proved an effect of vitamin D
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womenarelikely to benefitmore thanyoungerwomen,
who areexpectedo havea bettercalciumandvitamin D
status,but evenin the perimenopausafearsvitamin D3
hasbeenseento reduceboneloss[14]. An effect has
beenseenwith a daily vitamin D intake reachingthe
recommendedralue of 5.0 ug [11], but higherintakes
(up to 20 pg/day) seemsafeand effective [10,11].

Uncertainty remains regarding the optimal calcium
intake. US recommendationg15], suggesting1000—
1500mg/dayfor postmenopausalomen,are somewhat
higher than the Nordic guidelines[16]. In postmeno-
pausalDanishwomen,the meandietaryintakesof both
calcium andvitamin D are found to be quite high (887
mg/day and 3.5 ug/day, respectively)[17]. Different
preparationsof calcium supplementsare available. A
recent study has examined the intestinal calcium
absorption of a calcium carbonate supplementand
found it as good as the uptake from an equivalent
amount of milk [18]. In this study we examinedthe
possibleeffectof calciumcarbonatén combinationwith
vitamin D3z on postmenopausdloneloss.

Subjectsand Methods

Subjects

Two hundredand forty women were enrolled in the
study. They were randomly selectedfrom the central
citizensregistry and contactedby letter and telephone.
The criteria for entry were Caucasiarbackgroundage
58-67 years,good generalhealth and postmenopausal
statusdefinedas cessatiorof menstrualbleedingfor at
least6 months.

Patientdreatedwith oestrogeror calcitoninduringthe
previous 12 months or with bisphosphonatesn the
previous 24 months were not included in the study.
Presenceof diseaseknown to affect bonemetabolism,
renal diseasewith serumcreatinineabove 120 ymol/l,
and hepatic disease with increased ALAT and/or
decreasedextrinsic coagulationfactors 1l, VII and X
were causesof exclusion. Decreasedfunction of the
exocrine pancreasor any other state of malabsorption
alsoled to exclusion.

The study subjectswere selectedfrom the general
populationand includedin the study independentlyof
their bone mineral density (BMD) status. They were
included as healthy subjectsfrom a clinical viewpoint.
No assessmentsere made regarding the number of
yearssincemenopausd-romotherstudieswve know that
the initial 3-5 yearsafter the menopauseeemto be a
period with little or no effect of calcium supplementa-
tion. At the time of inclusionthe participantswereaged
58-67years(mean62.5years),andwe would therefore
not expectto have included a significant number of
womenin that non-responsiveeriod.

In a subgroupof patientswith a minimum partici-
pationof 3 monthsin the main study, we examinedthe
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24-h urinary calcium and creatinine excretionin two
consecutiveperiods.For this substudy28 patientswere
randomlyselectedandinvited to participate.

The studywasapprovedoy thelocal ethicscommittee
and was performedin accordancewith the Helsinki Il
Declaration.

Supplementand StudyDesign

Different preparations of calcium supplementsare
available.In this studywe examinedthe possibleeffect
of calcium carbonatein combinationwith vitamin Da.
The patientswere randomizedequally into two active
treatmentgroupsand one group receivedplacebo.One
group (80 patients) received a daily supplement
consistingof 1000 mg of elementarycalcium (calcium
carbonateogetherwith 14 ug (560 IU) of vitamin D5
(cholecalciferol) contained in two tablets. Eighty
patientsreceivedin additionto the calcium andvitamin
D3 a multivitamin supplementcontainedin the same
formulation. Eighty patients received placebo in a
similar formulation. The compositionsof the formula-
tions are describedin Table 1. All placeboand active
treatment tablets were provided by Lube Ltd. The
participantswere instructedto take two tabletsdaily at
breakfastandto makeno changesn their habitualfood
intake.

BMD measurementsereperformedat baseline after
1 yearandafter 2 years.Calciumandvitamin D intake
wasassessedsinga 7-daydietarydiary at baselineand
after 2 years.Calculationswere basedon the Dankost
system(DanskCateringCentreA/S, Herlev, Denmark).

Patientswere askedto take no calcium or vitamin D
supplementother than the supplementsuppliedfor the
study. Treatment with prescribed medications was
recorded No formal assessmendf compliance,suchas
tablet counting, was made. At eachvisit the subjects
were questionedabouttheir compliancewith the study

Table 1. Compositionof formulationsusedand daily dose

Treatmentgroup

Calcium+ Calcium+ Placebo

vitamin D multivitamin
Calcium carbonatgmg) 2500 2500 0
Elementarycalcium(mg) 1000 1000 0
Cholecalciferol(ug) 14 14 0
Retinol (ug) 0 800 0
Thiamine(mg) 0 14 0
Riboflavine(mg) 0 1.6 0
Pyridoxine(mg) 0 2 0
Cyanocobalaminéug) 0 1 0
Folic acid (ug) 0 100 0
Niacine (mg) 0 18 0
Pantotheniacid (mg) 0 6 0
Biotin (ug) 0 150 0
Ascorlic acid (mg) 0 60 0
D-alpha-tocophero{mg) 0 10 0
Phylloquinore (ug) 0 70 0
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medicationandencouragedo comply.No registrationof
physicalactivity wasmade,neitherwasany programme
of exerciseundertaken.

The biochemical parametersof efficacy and safety
were measurecevery 6 months.

In the substudyno attemptswere madeto standardize
the calcium intake. The participantswere specifically
askedto makeno changesn their habitualfood intake
during the daysof urine collection.

Measurements

The primary end-pointwas changesfrom baselinein
BMD in the lumbar spine (L2-4). Other effect
parameterswere: hip BMD, forearm BMD, serum
calcium, serumphosphateand serumintact PTH.

BMD (g/cn¥) of the lumbar spine, left hip and non-
dominant distal forearm were determinedusing dual-
energy X-ray absorptiometry(DXA; Norland XR-26,
Norland MZ Weesp, The Netherlands).All measure-
ments were performedby the sametwo, experienced
technicians At the lumbarspineBMD wasmeasuredn
the anteroposteriofAP) projectionfor the second third
and fourth vertebrae When scanningthe AP spinethe
vertebralcolumn was centredat the scantable and the
subject’s legs raised on a block to straighten the
curvatureof the spine. At the hip, the BMD measure-
ment was performedat the femoral neck. A fixation
device for rotation and correct positioning of the legs
wasused.At the forearm,calculationsveremadeon the
distal part (scanlength 2.4 cm; locatedproximal to the
distal junction of radius and ulna). The short-term
precisionfor the AP spine(L2—4) was 1.0% (databased
on 42 scanson 7 subjects).For femoral neckthe short-
term precisionwas found to be 1.2% (36 scanson 6
subjects).No data on precision are available for the
distal forearm measurementsDuring the study daily
phantomcalibrationswere performed.No longitudinal
drift occurred.

Serum intact PTH (1-84) was measuredusing a
chemiluminescenceassay (Immulite Diagnostic Pro-
ducts Corporation(DPC), Los Angeles,CA). The total
coefficient of variation for the method was 10.0%.
Serumcalcium was calculatedas the albumin-corrected
value.

The biochemical safety parametersincluded: blood
haemoglobin,serumalbumin, serum creatinine, serum
urea,serumsodium,serumpotassiumandserumALAT.

In the substudythe concentration®f creatinineand
calciumwere measuredUrinary calcium excretionwas
expresseds mmol/24h.

Statistical Analysis

The results are presentedas percentagechangesfrom
baselinevaluesandwere evaluatedusinga pairedt-test.
Level of significancewas 5%.
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Results

Forall parametersneasuredye observecho differences
betweenthe two active treatmentgroups.In presenting
the resultswe thereforeconsiderthe two groupsasone
groupreceivingactive treatment.

During the study, 41 of the 240 womendroppedout
(Table 2). No difference in drop-out rate was found
between the groups. One hundred and ninety-nine
womencompletedall visits. In theanalysisanadditional
two women were excluded due to developmentof
radiologically verified vertebralfracturesin the lumbar
spine. This left 197 womenwho were includedin the
statisticalanalysis.

In the treatmentgroup a significantincrease(0.0195
g/cn?; p<0.0001)in the BMD of the lumbarspinewas
seenin thefirst year.A small decreasevasobservedn
the secondyearcomparedvith thefirst year.Theoverall
increaseafter 2 years was 1.6% (p<0.002). In the
placebo group no significant changeswere observed
during the 2 years.A statistically significantdifference
betweenthe treatmentandplacebogroupsat both 1 year
(p<0.01)and?2 years(p< 0.05)wasfound (Fig. 1). At
the femoral neck, we found an insignificantincreasein
BMD in the treatmenigroupcomparedwith the placebo
group at both 1 and 2 years.At the distal forearm, no
significantchangedrom baselinevalueswere observed
in eithergroup.

In the treatmentgroup an increasein serumcalcium
was seenduring the first year, followed by a smaller
decreasdn the secondyear. A statistically significant
difference was detected between the placebo and
treatmentgroupsat both 1 and 2 years(p<0.0001).In
the placebo group a significant increase in serum
calcium was observed during the first vyear
(p<0.0001), but combinedwith a similar decreasen
the secondyear, this resultedin no overall changefrom
baselineto 2 yearsin the placebogroup (Fig. 2).

Regarding serum PTH, a significant decreaseof
26.5% was observedin the treatmentgroup during the
first year (p<0.0001), followed by a slight increase
during the secondyear. Statistically significant differ-
encesbetweenthe two groupswerefoundat both 1 year

Table 2. Statusof excludedsubjects

Reasorfor Treatment
exclusion
Calcium+ Calcium+ Placebo Total
vitamin D multivitamin
Personal 9 4 12 25
Otherillness 3 2 1 6
Constipation 2 2 0 4
Death 0 1 1 2
Osteoporosis 1 1 0 2
Nausea 0 0 2 2
Total 15 10 16 41
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Fig. 1. BMD at the lumba spine, hip and distal forearmin active
treatment(continuousline) versusplacebo(dashedline) groups.

(p<0.0001)and 2 years(p<0.001). No changeswere
observedn the placebogroupduringthe two years(Fig.
2).

In the activetreatmenigroupwe founda meanurinary
calcium excretion of 6.73 mmol/24 h comparedwith
4.69mmol/24h in the placebogroup. This constitutesa
significant(p < 0.05) differencebetweenthe two groups
of 44%.
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Fig. 2. Serumparathyroidhormoneand serumcalcium concentration
in active treatment(continuousline) versus placebo (dashedline)
groups.

Basedon informationobtainedfrom the 7-daydietary
diary, meancalciumintake, meanvitamin D intake and
total energyintakewerecalculatedfor the treatmentand
the placebo groups. There were no statistically sig-
nificant difference betweenthe two groups. Dietary
intakesof calcium and vitamin D were recordedtwice
duringthe study(beforethe startof treatmentandafter2
years)and showedno difference betweenthe first and
secondneasurement3.he meancalciumintakewas919
versus844 mg/day (p = 0.06),and the meanvitamin D
intake was 3.8 versus 3.4 ug/day (p = 0.18). The
cumulatedintakesof calciumandvitamin D are shown
in Fig. 3.

No changeswvere observedn the safetyparameters.

Discusson

The main finding of the presentstudy was a significant
increaseof 1.6% in spinal BMD in the womentreated
with calciumandvitamin D comparedwith the placebo
group,while no significantchangesvereobservecdat the
hip or the distalforearm.Our findingsarein accordance
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Table 3. Baselinecharacteristics

Treatment

Calcium+ vitamin D Calcium+ multivitamin Placebo p value
Number 65 69 63
Age (years) 62.9 62.9 61.8 NS
SpineBMD (g/cnt) 0.902(0.615-1.409) 0.921(0.64-1.606) 0.926(0.6-1.262) NS
Hip BMD (g/cn?) 0.726(0.514-1.033) 0.739(0.547-1.121) 0.727(0.501-0.973) NS
ForearmBMD (g/cn?) 0.369(0.272-0.535) 0.377(0.254-0.626) 0.373(0.197-0.499) NS
Serumcalcium (mmol/l) 2.34(2.12-2.48) 2.35(2.11-2.48) 2.36(2.16-2.52) NS
SerumPTH (pmol/l) 2.21(0.5-7.3) 2.19(0.5-4.5) 2.42(0.3-8.7) NS
Calciumintake (g/day) 889 (303-1917) 1003(225-2396) 863 (285-1842) NS
Vitamin D intake (ug/day) 4.0(0.6-13.7) 3.9(0.6-16.1) 3.5(0.3-14.8) NS

Calcium intake (mg/d) - cumulated

100
75
50
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Vitamin D intake (microg/d) - cumulated
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Fig. 3. Cumulatedintakesof calciumandvitamin D.

with previousstudieson calcium supplementatiof5, 7],
showinga positiveeffecton bonemass Previousstudies
[9,14] havedemonstratedn effect of vitamin D on bone
massfor both peri- and postmenopasal women. The
effect on spinal BMD was mainly restrictedto the first
year.This wasin accordancavith the findingsof Elders
et al. [8]. Relativeinsufficiencyof calcium and vitamin
D will leadto anincreasein boneturnoverthatwill be
reversedby supplementationThe subsequenteduction

in boneturnoverwith a decreasedctivationfrequency
leadsto afilling of theremodellingspaceandanincrease
in bonemassasseenin thefirst yearof supplementation.
Later, the simultaneousiecreasen boneresorptionand
bone formation will be reflected in the decreased
responsein BMD observedduring the secondyear of
supplementation.

In our studywe found no significantchangesn BMD
in the placebogroupafter2 years Meandietaryintakeof
calciumwas844 mg/dayandof vitamin D 3.4 ug/dayin
the placebogroup.In a study by Dawson-Hughegt al.
[11], the grouphavinga total intake of 950 mg calcium/
day and 5 ug/day of vitamin D3, very similar to our
placebo group, experiencedno net changein spinal
BMD over 2 years.The dietary intakesof calciumand
vitamin D3 in the placebogroup might have beentoo
high to observe a decreaseduring the 2 years. In
postmenopaus&anishwomenthe meandietaryintakes
of both calcium and vitamin D were found to be quite
high (887 mg/day and 3.5 pg/day, respectively).The
intakesof calcium andvitamin D in the placebogroup
were similar to the intakein the generalpopulation.

In thelumbarspine,wherethe compositionof boneis
predominantlytrabecular,we saw a positive effect on
BMD. In our study we found no significant effect on
BMD at the hip or distal forearm — sites mainly
composedf cortical bone.Dueto the highermetabolic
activity of trabecularbone,the effect on BMD at sites
with mainly trabecularbone might thereforebe more
pronounced.At the median forearm, which is 85%
corticalbone,Princeet al. [6] foundareducedooneloss
(butstill aloss)after2 yearsof treatmentwith exerciset
calcium comparedwith a pure exercisegroup (— 1.3%/
yearvs — 2.4%/year respectively).

In the study by Dawson-Hughegt al. [11] the mean
age of the study populationwas similar to that in our
study. It wasfound thatin healthycalcium-supplemen
ted postmenopausalvomen, mean age 63.5 years, a
daily intake of 5 ug vitamin D3 was sufficientto limit
boneloss from the spinebut not adequatdo minimize
bonelossfrom the femoralneck. At a dosageof 20 ug/
day vitamin D3 the bonelossfrom the hip wasreduced
thoughstill presentThe findingsof a largerresponsen
the spinecomparedwith the hip werein accordancevith



260

ourresultswhereaneffecton BMD wassignificantonly
in the spine.In the studyby Oomset al. [10] significant
increasesn hip BMD were observed,but in an older
study population(aged70 yearsand over).

In this study calcium carbonatewas used as the
calcium source.Other studies[18] have indicated that
this calciumsaltis absorbedaswell asis calciumfrom
dairy products. As a measureof absorption,urinary
calcium excretion was measuredin a subgroup of
subjectsand found to be significantly higher in the
treatmentgroup than the placebogroup.

During the 2 years of the study we saw a similar
variationin serumcalciumin the treatmentandplacebo
groups. An increasewas observedin the first year,
followed by a decreasén the secondyear.The variation
observedn the placebogroup might revealdrift of the
analysis, since sampleswere analyzed immediately.
However, a significant difference in serum calcium
betweenthe treatmentand placebogroupsafter both 1
year(p<0.0001)and?2 years(p < 0.0001)wasobserved,
reflectingthe physiologicalresponsén serumcalciumto
calciumandvitamin D supplementation.

The reporteddietaryintake of calciumandvitamin D
revealedan intake of calcium that was only slightly
lower than the recommendeddaily intake: 50% of
subjectsreceivedmore than 900 mg calcium per day.
Regardingvitamin D, 25% reachedthe recommended
intake of 5 ug per day. However, the influence of
vitamin D synthesisin the skin was not known, since
serummeasurementsf vitamin D were not performed.

No formal assessmenrdf compliancewas performed.
However, significant differencesin serumcalcium and
urinary calciumexcretionbetweenthe treatmentandthe
placebogroup do not indicate that lack of compliance
hasinfluencedthe resultsof the study.

In conclusion,we found an increasein lumbar spine
BMD of 1.6% in a group of healthy, postmenopausal
women after 2 years of calcium and vitamin D
supplementation.Together with relevant changesin
serum calcium and serum PTH, this indicatesthat a
long-termcalciumandvitamin D supplementatioof 1 g
elementarycalciumand14 g vitamin D3 hasa positive
influenceon bonemass.evenin a populationof thatage
whohadafairly goodinitial calciumandvitaminD status.
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