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Abstract. Supplementation of elderly institutionalized (p<0.01). In the controls there was a worsening of the
women with vitamin D and calcium decreased hiphypovitaminosis D, with a decrease of 25-hydroxyvita-
fractures and increased hip bone mineral densitymin D by 51% $<0.01) and an increase in PTH by 51%
Quantitative ultrasound (QUS) measurements can b <0.01), while the serum calcium level decreased by
performed in nursing homes, and easily repeated foonly 2% (p< 0.01). After 2 years of treatment BUA
follow-up. However, the effect of the correction of increased significantly by 1.6% in the treated group
vitamin D deficiency on QUS parameters is not known.(p<0.05), and decreased by 2.3% in the controls
Therefore, 248 institutionalized women aged 62-98p<0.01). Therefore, the difference in BUA between
years were included in a 2-year open controlled studythe treated subjects and the controls (3.9%) was
They were randomized into a treated group=(Q24), significant after 2 years p&0.01). However, SOS
receiving 440 IU of vitamin @ combined with 500 mg decreased by the same amount in both groups
calcium (1250 mg calcium carbonate, Novartis) twice(approximately 0.5%). In conclusion, BUA, but not
daily, and a control groupn=124). One hundred and SOS, reflected the positive effect on bone of supple-
three women (42%), aged 84.5 = 7.5 years, completechentation with calcium and vitamin4dn a population
the study: 50 in the treated group, 53 in the controlsof elderly institutionalized women.
QUS of the calcaneus, which measures BUA (broadband
ultrasound attenuation) and SOS (speed of sound), arieywords: Institutionalized elderly; Secondary hyper-
biochemical analysis were performed before and after parathyroidism; Ultrasound of bone; Vitamin D defi-
and 2 years of treatment. Only the results of the womemiency
with a complete follow-up were taken into account. Both
groups had low initial mean serum 25-hydroxyvitamin D
levels (11.9 £ 1.2 and 11.7 + 1;&)/l; normal range 6.4— )
40.2pg/l) and normal mean serum parathyroid hormondntroduction
(PTH) levels (43.1 £+ 3.2 and 44.6 + 3.5 ng/l; normal
range 10-70 ng/l, normal mean 31.8 + 2.3 ng/l). TheElderly institutionalized women are at a particularly high
treatment led to a correction of the metabolic dis-risk of hip fracture, and hip fractures occurring in
turbances, with an increase in 25-hydroxyvitamin D bynursing homes have higher mortality than those
123% <0.01) and a decrease in PTH by 18%occurring in private homes [1]. In addition to a high
(p<0.05) and of alkaline phosphatase by 15%risk of falling, the elderly have a persistent increase in
bone turnover [2] that accelerates bone loss, in part due
- . _ to hypo-vitaminosis D with secondary hyperparathyroid-
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balancedby an adequatevitamin D intake [3,4]. The
correctionof the vitamin D deficiencyand thereforeof

the secondaryhyperparathyralism by combinedtreat-
ment of subjectsliving in nursinghomeswith calcium
and vitamin D leadsto a significantreductionin non-
vertebralfractures— up to 25% after 18 months[3] —the
positive effect still being presentafter 3 years [5].

Calcium and vitamin D supplementatiorover 3 years
also had a beneficialeffect on the rate of nonvertebral
fractures in a population of healthy ambulatory
American men and women aged more than 65 years
[6]. On the otherhand,in a populationof elderly Dutch
subjects, living independentlyin apartmentsfor the
elderlypersonor in homesfor theelderly, Lips etal. [7]

showedno effect of vitamin D supplementationvithout
calcium on the incidence of hip fracturesand other
peripheralfractures.

Quantitativeultrasound QUS) of boneis increasingly
usedin evaluatingthe osteoporoticfracture risk [8,9].
The ultrasonic parameteraneasuredare BUA (broad-
band ultrasoundattenuation),which is the attenuation
throughthe mediumof a bandof frequenciesexpressed
in dB/MHz, and SOS (speedof sound),which is the
velocity throughthe medium,expressedn m/s. QUS is
ableto discriminatenormal subjectsfrom subjectswith
low bonemineraldensity(BMD) or with fracturesdueto
osteoporosig10-15], and longitudinal studiesshowed
significant decreasesin QUS parametersover time
[14,16-18].Both BUA [19,20]andSOS[19] canpredict
future hip fracturerisk in older women,with a relative
risk of about2 per standarddeviationdecreaseén QUS
parametersThis performanceas asgoodasthatobserved
with dual-energyX-ray absorptiometr{DXA) of the hip
[12,19,20].0nly very few longitudinaldataareavailable
on the effect of specifictreatmenton QUS parameters.
Previous studies have assessedhe effect of either
hormone replacementtherapy [21], bisphosphonates
[22] or calcitonin [23] on QUS. All these studies
showedthat QUS parametersvere positively influenced
by the treatmentin postmenopausalomen,whereasn
untreatedcontrolsQUS parametershoweda significant
decreaseln a Swiss populationof elderly institutiona-
lized women, QUS parametergespeciallyBUA) were
correlatedwith the hyperparathyroidisnresulting from
hypovitaminosisD [24].

The aim of this study was to assesshe effect of
supplementatiorwith vitamin D and calcium on QUS
parameters and metabolic disturbancesin elderly
institutionalizedwomen.

Subjectsand Method

Two hundredand forty-eight womenaged62—98years,
living in 19 nursinghomesin the Lausannearea,were
randomizedin an open controlled study. The treated
group received 500 mg calcium (1250 mg calcium
carbonateand4401U vitamin D3 twice daily (combined
by Novartis). The control group receivednothing. The
drugswere given by the nursingstaff, to avoid lack of
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Table 1. Drop-outsfrom the study

Treated Controls
group(n) (n)

Randomized 124 124
Drop-auts
Administrativereason8 11 10
Death 21 26
Missedor refusedfollow-up 32 30
New treatmentof osteoporosis 0 3
Psychiatricdisturbancest severeillnesses 3 2
Upper Gl side effects 6 0
Hypercalcemia 1 0
Total drop-outs 74 71
Total completingthe 2 yearsfollow-up 50 53

#Closureof one home and refusal of anotherhometo continuethe
study.

compliance with the treatmentby the subjects. All
subjectsgave their written consent,and the study was
acceptedy the ethicscommitteeof the Medical Faculty
of the University of Lausanne.

Amongthe 248 randomizedvomen,103 (42%) hada
completeQUS follow-up of 2 years:50 in the treated
group, 53 in the controls. One hundredand forty-five
women could not be followed for 2 years.Concerning
thesedrop-outs,there was no differencein any of the
measuredparametersetweenthe treatedsubjectsand
the controls(Table 1). Only 6 subjects(4%) interrupted
the treatmentecausef moderateuppergastrointestinal
side-effects.One subjectdevelopedhypercalcemiadue
to primary hyperparathyralism. In general,the treat-
mentwaswell toleratedand, in particular,no deathhas
beenrelatedto the medication.The relatively high rate
of ‘missedor refusedfollow-ups’ is partially explained
by the difficulty of influencingtheseelderly womenor
their families positively once they has adopted a
negativeattitude towardsthe study giving no explana-
tion.

Only theresultsof the womenwith a complete2-year
follow-up were analyzedand reportedhere. Since the
drop outs were evenly distributed among treated and
untreatedsubjects the two groupswho completedthe 2
yearsof treatmentemainedcomparablgTable2). They
showedho significantdifferencesn any of themeasured
parametersexceptfor body massindex (BMI).

All subjectswereassesselly QUS of their calcaneus
and,if a subjectconsentedby a fasting serumanalysis
(calcium, phosphate25-hydroxyvitaminD, parathyroid
hormone alkaline phosphataseand creatinine).

Ultrasound measurementswere performed at the
calcaneus with an Achilles ultrasound apparatus
(Lunar, Madison,WI). BUA and SOSthroughthe heel
were measuredThe reproducibility of the methodhas
beenassesseih a previousstudy[13], whencoefficients
of variation were 1.8% for BUA and 0.3% for SOS.
Quality control was assesse@ach day of use with a
phantom. There was no significant variation in the
parametersvertime. QUS measurementaereall done
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by the sameinvestigator(M.A.K.). Sincethe resultsare
automatically given by the device, they could not be
modified.

All biochemicalmeasurementsvere performedin a
maskedfashion. Albumin, calcium, phosphate creati-
nine and alkaline phosphataseconcentrationswere
measuredby standardlaboratory methods.Serum 25-
hydroxyvitamin D was measuredby protein binding
assay(AmershamLife Science Little Chalfont, Bucks,
UK); the normalrangefor Swissadultsis 6.2—42.0ug/!l
(and for Swiss adults older than 65 yearsis 4.3—-40.5
ug/l) [25]. Serumintact parathyroichormone(PTH) was
measured by Allegro (Nichols Institute, San Juan
CapristranoCA), with anormalrangefor our laboratory
of 10-70ng/l).

For comparisondetweenndependengroups,Mann—
Witney U-testswereperformed.To assesshe evolution
in each group, Wilcoxon signed-rank tests were
performed.The differenceswere consideredstatistically
significant for p values <0.05. An intent-to-treat
analysiswas not includedin the protocol; in any case,
the relatively high rate of refusal for follow-up also
excludedfurther examinationof thesesubjects.

Results

Table 2 showsthe baselinecharacteristicsof the two
groupsof womenwho completedhe 2-yearstudy.There
was a significant difference betweenthe treatedgroup
and the controls for BMI, but not for age or the
ultrasoundparametersFigure 1 showsthe evolution of

Table 2. Characteristicof the subjectswho completedthe study

Treated Controls p value
group (n=53)
(n=50)
Age (years) 84+ 8 85+ 7 NS
Body massindex (kg/m?) 257+ 4.8 238+ 5.4 0.042
Quantitativeultrasound
of the calcaneus
BUA (dB/MHz) 93.6+ 8.9 924+ 9.4 NS
SOS(m/s) 1465+ 25 1466+ 22 NS

Valuesarethe meant SD.
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Fig. 1. Effect of daily supplementationwith 880 IU vitamin D3 and
19 calciumon quartitative ultrasoundof the calcaneusn 50 elderly
institutionalizedwomen(aged84 + 8 years)and53 controls(aged85
+ 7 years).Theresultsare expresse@sthe meanpercentagehanges
comparedwith theinitial values.After 2 yearstherewasa significant
difference betweenthe treated group and the controls for BUA
(p<0.01); there was no difference for SOS.*p<0.05, ** p<0.01
comparedwith initial values.

the ultrasounddata.In the treatedgroup, after 2 years,
therewasa significantincreaseof 1.6%= 0.8% (meant
SEM) for BUA, whereasin the controls there was a
significantdecreas®f 2.3%+ 0.8%.After 2 yearsthere
wassignificantdifferenceof 3.9%for BUA (p=0.0016)
betweenthe treatedgroup and the controls. For SOS,
after 2 years therewasa significantdecreasef 0.5%in
eachgroupwith no differencebetweenthe two groups.
Dueto the potentialdifficulty of takingblood samples
in sucha populationof advancedge,it wasspecifiedin
the study designthat refusal of the blood analysiswas
not an exclusion criterion. Seventy-two out of 103
subjects(70%) had a completebiochemicalfollow-up.
Table3 andFig. 2 showthe evolutionof thebiochemical
markers of bone metabolism during the study. As
expected,n the treatedgroup the calcium serumlevel

Table 3. Evolution of the biochemicalmarkersof bonemetabolismduring the 2 yearsof the study

Treatedgroup (n = 34)

Controls(n = 38)

Initial 1 year 2 years Initial 1 year 2 years
Calcium (mmol/l) 2.32+ 0.02 2.33+0.02 2.31+ 0.02 2.29+ 0.01 224+ 0.02*f  2.23+ 0.01**%
25-hydroxyvitaminD 119+ 1.2 29.8+ 0.9** 26.5+ 1.6** 11.7+ 1.2 8.3+ 1.1**} 5.7+ 1.0}
PTH (ng/l) 43.1+ 3.2 32.1+ 2.4** 35.5+ 2.7* 446+ 3.5 55.4+ 4.4*1  67.2+ 5.7*%
Alkaline phosphatas€U/l) 88.2+ 5.4 73.9+ 4.5%* 75.7+ 5.1** 86.7+ 4.9 87.6+ 5.1% 83.6+x 5.6

Valuesarethe mean+ SEM.
*p<0.05,* p<0.01 comparedwith initial values.
+tp<0.05, {p< 0.01 comparedwith treatedgroup.
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Fig. 2. Effect of a daily supplementatiorof 880 IU vitamin D3 and 1g calcium on the mean values of biochemical parametersn 34
institutionalizedelderlywomencomparedvith 38 controls.After 1 yeartherewasa correctionof the metabolicdisturbances the treatedgroup,
whereasthere was an importantworseningof the hypovitaminosisD and the secondaryhyperparathyroidisnin the controls,with a trend to
hypocalcemia25 OHD, 25-hydroxyvitaminD; PTH, parathyroidhormone.*p<0.05,** p<0.01 comparedwith initial values.

Table 4. Overview of longitudinal studieswith quantitativeultrasoundof bone (Achilles, Lunar)

Reference Age of the No. of subjects  Treatment

Follow-up  Difference betweenQUS parameters

subjects (treated/controls) (years) in treatedsubjectsand controlsaftera
(years) 2-yearfollow-up (%)
Giorgino, 1996[21]  46-57 44/47 Estradiol 50 pg/day + 2 BUA 5.8%
progestin SOS 0.7%
Giorgino, 1996[22] 42-71 32/42 Alendronate5 mg/day 2 BUA 5.1%
SOS 0.3%
Giorgino, 1996[23] 50-64 78/34 Nasalcalcitonin 200 lu/day 2 BUA 4.2%
(1 month/2) SOS 0.8%
This study 64-98 50/53 Vitamin D 800 U/day 2 BUA 3.9%
+ calcium 1 g/day SOS 0%

remained stable, 25-hydroxyvitamin D increasedsig-
nificantly by 123%, PTH decreasedsignificantly by
18%,andalkalinephosphatasdecreasetty 15%.In the
controls,the calcium serumlevel decreasedlightly but
significantly by 2%, 25-hydroxyvitaminD decreasedby
51% and PTH increasedby 51%. In the treatedgroup,
there was no significantdifference betweenthe second
assessmerafter 1 year)andthe third assessmergafter
2 years) for calcium, 25-hydroxyvitamin PTH and
alkaline phosphatase.The serum phosphate level
remainedstablein the two groups.

Discussion

This study was performedin a populationof very old,
institutionalizedwomen,with almostno outdoorlife and
no vitamin D supplementationThis explainswhy after2
yearsthe controlsshoweda 51% decreasef the serum

level of 25-hydroxyvitaminD, the meanvalue falling
below the lower limit of the normal Swiss adult
population (<6.4 pg/l). This was associatedwith a
slight butsignificantdecreasén the serumcalciumlevel,
anda significantrisein the meanserumPTH level. The
latter was already above the normal mean at the
beginningof the study[26], and got closeto the upper
normal limit of 70 pg/l. This meansthat during the 2
years without supplementationthe metabolic conse-
gquencesf vitamin D deficiencybecameworsein these
control subjects As expectedandin agreementvith the
literature [3], supplementationwith vitamin D and
calcium corrected this hypovitaminosisD, decreased
therelatively elevatedserumPTH level, andloweredthe
serum alkaline phosphatasdevel. The full metabolic
effect of the treatmentwasalreadypresentafter the first
yearand persistedthereafter.

BUA decreaseth thecontrolgroup.Why it decreased
in a nonlinearmannerremainsunexplained.The small
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decreasafter 1 yearwasbelowthe precisionlimit of the
techniqug(1.8%)[13]. Thedecreaseverthe2 yearswas
associatedvith the continuingdrop in serumlevels of
25-hydroxyvitamin D, and the worsening of the
secondanhyperparathyroidismmentionedabove.Com-
paredwith the populationsof youngerwomen(meanage
67 years)examinedoy Schottetal. [16] andvanDaeleet
al. [17], who assessedongitudinal changesin QUS
parameterspur mucholder institutionalizedwomenhad
ahigherlossof BUA. Thedecreases SOSweresimilar
to thatobservedy Schott,but higherthanthatobserved
by Van Daele.Thesedifferencescould be explainedby
the fact thatour populationconsistedf institutionalized
elderly women with a rela-tively important and

worseningtrendtoward secondarhyperparathyroidism.

In the treated group BUA increased significantly,
reflecting the effect of supplementatio with calcium
andvitamin D. After 2 yearsthe changen BUA differed
by 3.9% betweenthe two groups;the valuesof SOS
were not different.

Giorigino et al. [21,22] and Gonnelliet al. [23] found
positiveeffectson QUS parameterén womentreatedby
hormone replacement therapy, bisphosphonatesor
calcitonin, when comparedwith controls. Their results
differed from oursprincipally in thatthe effectsof their
treatmentsverealsoseenn thevaluesof SOS(Table4).
In their treatedpopulationsSOSincreasedsignificantly
or remainedstable whereadt decreasedh the controls.
This differencefrom our study,in which the therapeutic
effect was seenonly with BUA, might be linked to the
fact that their study populationswere youngerthanthat
examined here and probably did not suffer from

hypovitaminosisD and secondaryhyperparathyroidism.

Finally, their therapeutic interventions had different
actions on bone metabolismfrom that of vitamin D,
since they directly inhibit bone resorption. The
difference may also be explained by the hypothesis
that BUA and SOS measurdlifferent characteristicof
bone(architectureglasticity),andthat our treatmentdid
not acton all of them.

In conclusion,in a populationof elderly institutiona-
lized women,BUA but not SOSreflectedthe correction
of hypovitaminosisD and secondaryhyperparathyroid-
ism that was obtainedby supplementatio with vitamin
D andcalciumover 2 years.Therefore,QUS could be a
promising method for evaluatingthe effects of treat-
mentson bonein groupsof osteoporoticsubjects.
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