Osteoporos Int (2000) 11:271-277 .
© 2000 International Osteoporosis Foundation and National Osteoporosis Foundation OsteoporOS|S

International

Original Article

Biochemical Responses of Bone Metabolism to 1,25-Dihydroxyvitamin D
Administration in Black and White Women

F. Cosmafh? V. Shert® D. Morgart® S. Gordon, M. Parisiert®, J. Nieve$® and R. Lindsay

Clinical Research and Regional Bone Centers, Helen Hayes Hospital, New York State Department of Health, W. Haverstraw,
NY; and Departments dMedicine,Pathology *Gynecology andEpidemiology, Columbia University College of Physicians and
Surgeons, New York, NY, USA

Abstract. The basis for the racial difference in bone Keywords: 1,25(OH}D; Bone metabolism; Bone turn-
mass between black and white women is not knownover; Calcium conservation; Dynamic tests; Racial
Lower bone turnover, better renal calcium conservationdifferences

and decreased sensitivity to parathyroid hormone (PTH)
have been proposed as explanations. A dynamic
comparison of osteoblast function, utilizing stimulation

by 1,25-dihydroxyvitamin D [1,25(OBP], has not been Introduction
tested between these two ethnic groups. We compared
well-matched black ( = 15) and white f = 15) .
premenopausal women, before and during 5 days df is generally well accepted that black women have a
1,25(0H)D administration (1.0ug/day) in order to 9dréatér bone mass [1-6] and lower incidence of
assess dynamic indices of bone metabolism. AQSteoporotic fracture [7-9] than white women. This
expected, at baseline, black women had lower levels gfigher prevalence of osteoporosis in whites has over-
serum 25-hydroxyvitamin D and biochemical markers of>hadowed the importance of the disease in the aging
bone turnover with slightly higher levels of PTH. Black Plack population. Although the development of the
women also had superior renal calcium conservatiofiS€ase may be delayed in black women, a substantial
than white women at baseline. In response tdi€cline in hip, radial and vertebral bone density [3] and
1,25(0H)D administration, black women had a slightly &0 age-related exponential rise in the risk of hip fractures

greater increase in serum calcium and greater decremefigS lse been demonstrated in black women [8]. It has
in PTH. Moreover, black women showed a lesser€€n proposed that differences in peak bone mass, bone
turnover and age-related rate of bone loss underlie the

increment in urinary calcium than white women and aiff in b hich exist bet
more robust increase in two markers of bone formation -2!M€r€NCes In bone mass which exist beétween races

osteocalcin and carboxyterminal propeptide of type 12:3:,6]. The underlying mechanism of these differ-

procollagen — than white women. There were no change&NCes has not been well established. .
in bone resorption indices in either race upon Osteocalcin, a protein produced by osteoblasts, is

1,25(0HYD administration. These data provide pre_distinguished by the presence of gamma-carboxygluta-

liminary evidence that black women conserve calciumMiC acid, and its relatively specific presence in bone is
more efficiently under both static and dynamic condi-directly correlated with the degree of mineralization [10]

tions, and also appear to have better osteoblastigd rate of bone turnover [11-13]. Vitamin D
functional reserve than white women. modulation of osteocalcin synthesis by osteoblasts

and therefore circulating osteocalcin levels is well
(Weand offprint requeststo: Felicia Cosman, MD established. Administration of physiologic levels of
Clinical ResearchCenter, Helen Hayes Hospital, Route QW, % l,25-d|hydroxyV|tam|n_ D [1,25(0HP] r.eSUItS in a.
HaverstrawNY 10993,USA. Tel: +1 (914) 786 4825.Fax: +1 (914) ~ Mmeasurable increase in serum osteocalcin concentrations
786 4878. in healthy adult males [14] and postmenopausal women
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[15-17].Sinceatrendtowardgreaterincreasesn serum
osteocalcinduring 1,25(OH}D administrationwas seen
in women with osteoporosissomparedwith nonosteo-
porotic postmenopausakomen, the authorsconcluded
that defectiveosteoblasfunction is not the major cause
of bonelossin postmenopausaisteoporosi$l6].

Overall, circulating osteocalcin levels have been
reported to be lower in black than white women
[5,18,19], but differenceshave beensmall and thereis
significant overlap of individual values. We reasoned
that a stimulationtestfor this osteoblasproductmight
provide greaterdiscriminationbetweenwhite and black
subjectsthan would be possiblewith static measure-
ments of circulating levels. A greater responseof
osteocalcinto 1,25(OH}D in black women might
indicate greater bone formation, due to greater
sensitivity of the osteoblasto this hormone,andwould
providean alternatehormonalmechanisnfor the higher
bone massin black women. Elevation of 1,25(OH}D
has been known to reduce circulatory levels of
parathyroidhormone(PTH) [20]. We and othershave
previously proposed that black women may have
reducedsensitivity to PTH-inducedresorptionactivity
[21,22]. Differencesin the PTH responséo 1,25(0OH}D
administrationtherefore betweerthe two racial groups,
couldoffer furtherinsightsinto the possiblemechanisms
of bonemassvariation betweenthe two races.

Subjectsand Methods
Subjects

Healthy premenopausdblack (n = 15) and white (n =
15) women betweenthe agesof 25 and 40 yearswere
recruitedfrom the New York City andRocklandCounty,
New York areas.Ethnic group assignmentwas based
both on self-identificationand on the racial identity of
three of the subject’'s four grandparentsthrough a
guestionnaire After an initial telephoneinterview of
potential study subjectsto assurepremenopausastatus
and to exclude subjectswith certain diseasesegligible
subjectswere screenedy detailedmedical history and
physical examination. Pregnantwomen and subjects
sufferingfrom malignancy eatingdisordersalcoholism,
endocrine, renal, hepatic, gastrointestinal or other
chronic diseaseswere excluded. Use of medication
such as oral contraceptive,steroid or anticonvulsant
therapy,or other drugs known to affect bone metabo-
lism, in the previous6 months,weresimilarly excluded.
Baselinecalciumintake wasassessedh all participants
using a food frequency questionnaire.The study was
approvedby the Institutional Review Board of Helen
HayesHospitaland all subjectsgaveinformed consent.

1,25(OH}D StimulationTestProtocol

Study subjectsreportedto the Clinical ResearchCenter
eachmorningfor 5 consecutivedaysafter an overnight
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fast. On day 1, beginningat 8:00 a.m.,two basalserum
sampleswere collectedover a 20 min period. A second
morning fasting urine sample was also obtained.
Subjectswere then administered.5 ng of 1,25(0OH}D
(Rocaltrol, RocheLaboratories Nutley, NJ) orally each
day between8:30 and 9:00 a.m., following a protocol
similar to one usedby us previously[17]. Serumand
urine samplesvereobtainedl h afterthe a.m.Rocaltrol
doseeachday while subjectsremainedfasting. Subjects
took a seconddoseof Rocaltrol, 0.5 ug eachevening
between8:30 and 9:00 p.m. Subjectswere placedon a
moderate calcium and phosphorusdiet, under the
guidanceof a nutritionist, during the 5-dayinvestigation
in orderto avoid possibledevelopmenof hypercalcemia
during 1,25(OH)}D administration.

BiochemicalAssays

Serum intact PTH molecules were assayedwith an
immunoradiometri@ssay(IntactPTH, NicholsInstitute,
SanJuanCapistranoCA). Serum25-hydroxyvitaminD
[25(OH)D] and 1,25(OH}D were analyzedby compe-
titive protein binding and radioreceptorassayq23,24].
Serum ionized calcium was analyzedby a standard
technique (Nova 8 ionized calcium analyzer, Nova
Biomedical, Newton, MA). Urinary and serumcalcium
(Ca) and creatinine(Cr) were assayedwith a standard
chemistry machine. Calcium clearance(per creatinine
clearance)was calculatedusing the following equation
(urine Ca/serumCa divided by urine Cr/serumCir).
Samplesrom the basal,day 4 andday 5 time points
were also analyzedfor the following assays.Serum
intact osteocalcin(OC) was assayedby immunoradio-
metricassay(HumanosteocalcinNichols Institute, CA).
Serumbone specific alkaline phosphatas¢BSAP) was
assayedwith an IRMA assay(Ostase,Ostex Interna-
tional, SanDiago, CA). Carboxyterminhpropeptideof
type | collagen (PICP) was determined by radio-
immunoassay (INCSTAR, Stillwater, MN). Urinary
free pyridinoline (F-PYD) was assayedby EIA assay
(Pyrilink, Metra Biosystem, Palo Alto, CA). Urinary
cross-linkedN-telopeptideof type 1 collagen(Ntx) was
assayedby an EIA assay(Osteomark,Ostex, Seattle,
WA). Quality controlinformationfor theseassaysave
been published previously [17]. All interassaycoeffi-
cientsof variationwerelessthan10%andall intra-assay
coefficientsof variation werelessthan 8%.

Statistical Analysis

All statisticalanalyseswere performedusing the SAS
statisticalprogram(SAS Institute, Cary, NC). The mean
and standard error for each variable are reported.
Repeatedneasuremerdanalysisof variancewasusedto
determine significance of time trends in each group
(race), group differences and possible interactions
betweenraceandtime for variablesof calciumhomeo-
stasis Racialdifferencesbetweerbaselinevariablesand
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in responsivityof boneturnovervariablesto 1,25(OH}D

administrationwere analyzedby two-tailed t-tests.The
significanceof changein boneturnoverfrom baseline
within eachgroupwastestedusing pairedt-tests.

Results
Subjects

There were no significant differencesbetweenthe two

groupsin age, height, educationallevel, parity, body
weight or height. Baselinemeandaily calcium intake
was 630 mg in black women and 650 mg in white
women (NS). Mean body massindex of the black
women(24.5kg/m?) wasslightly higherthanthat of the
white women (22.7 kg/m?; p<0.05). Routine chemistry,
thyroid, gonadalandhematologyprofileswerenormalin

all women and similar in the two groups (data not
shown).Bone densitywashigherat all sites(3.5-8.5%)
in black versuswhite women (anteroposteriodlumbar
spine, black mean 1.313 vs white mean: 1.268 g/cnt,

p=0.16;femoralneck,black mean1.089vs white mean
1.004g/cnt, p=0.05).

Basal Biochemistry(Table 1)

Black women showed significantly lower levels of
serum25(OH)D (p<0.0001),urinary calcium/creatinine
(p<0.05) and calcium clearance(p<0.05), when com-
paredwith white women.Meanbasallevel of PTH was
higher in black women than white women but the
differencemissedstatisticalsignificance(p = 0.08). The
basall,25(OH)D level washigherin blackwomenthan
in white women (p=0.03). All boneturnover markers,
serumOC, PICP,BSAP,andurinary F-PYD andNTX,
were lower in black women than white women at
baseline, but only the difference in F-PYD was
statistically significant.

Table 1. Biochemicalparameterst baseline

Blacks Whites

Serumionized Ca (mM) 1.208+0.011 1.2314+0.011
Serumtotal Ca (mM) 2.29+0.04 2.35+0.02
SerumPTH (pM) 4.992+0.368 4.125+0.318
Serum25(OH)D (nM) 37.12+5.77  77.95+6.91*
Urine Ca/Cr(mg/mg) 0.158+0.021 0.306+0.064*
Calcium clearancg%) 0.484+0.06 0.714+0.11*
SerumOC (nM) 1.062+0.076 1.174+0.084
SerumPICP (ng/ml) 103.7+6.9 123.8+10.2
SerumBSAP (ng/ml) 9.254-0.66 9.764-0.68
Urine F-PYD (nmol/mmol Cr) 26.87+1.18 32.00+1.74*
Urine Ntx (nmol BCE/mmolCr)  40.56+4.80 45.93+4.74

Valuesarethe mean+ SEM.

Ca, calcium; PTH, parattyroid hormone;25(OH)D, 25-hydroxyvita-
min D; Cr, creatinine; OC, osteocalcin; PICP, carboxyterminal
propeptide of type | collagen; BSAP, bone-specific alkaline
phosphataseF-PYD, urinary free pyridinoline; Ntx, urinary cross-
linked N-telopeptideof type 1 collagen.

*p<0.05 versusblack group.
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1,25(OH}D StimulationTest

Calcium HomeostasigFig. 1). Therewas a significant
increasein serum1,25(0OH}D level after its adminis-
tration in both black and white women. No group
differenceor time/groupinteractionwasobservedMean
serum 1,25(OH}D concentrationswere elevatedafter
the first doseof 1,25(OH)}D andreacheda plateaufrom
days?2 through5 of 1,25(OH}D administration.Levels
of serumionized and total calcium remainedin the
normal rangethroughoutthe study. Serumionized and
total calciumincreasednorein blackthanwhite women
with a significant time trend found only for ionized
calciumin the black women. Therewere, however,no
significant group or time/group differencesfor either
ionized or total calcium.

A highly significantreductionin serumPTH overtime
wasseenin blackwomen(p=0.0001),but the reduction
was of smaller magnitude and not quite statistically
significantin white women(p=0.073;group difference
p=0.045).Meanserum25(OH)Dlevel did notchangan
either group throughout the study but remained
persistentliylower in black womenthanwhite women.

Urinary calcium/creatininencreasedsignificantly by
day5 in white women,but not black women,andbotha
groupdifference(p=0.015)andatime/groupinteraction
(p=0.005) were observed Furthermore calcium clear-
anceincreasednly in white women(p=0.0038).Group
differences (p=0.07) and racial/time interactions
(p=0.09) just missed statistical significance for this
variable.

Bone Turnover Markers (Fig. 2). The changesin five
markersof boneturnover— serumOC, PICPandBSAP,
andurinary F-PYD andNTX — wereexaminedon days4
and 5 of 1,25(OH}D administration. There were no
significantincrementsin either of the bone resorption
markers (F-PYD or NTX) in either black or white
women and excretion of F-PYD and NTX remained
lower in black thanwhite womenthroughoutthe study.
No increaseswere observedin one bone formation
marker,serumBSAP, in either black or white women;
however, serum OC and PICP levels increasedsig-
nificantly in black but not white womenon both days4
and>5 of the study.

Discussion

Our basal biochemical results are typical of racial
differencesin calcium metabolismshown previously,
with lower levels of 25(OH)D [18,25-28]and urinary
calcium [5,26,29,30]but slightly higher levels of PTH
[5,18,27] and 1,25(OH}D [18,29] in black women
comparedwith white women.Our dataalso agreewith
the conceptthat elevated PTH may play a role in
increasedl,25(OH}D levelsin black womenand that
black women have evidenceof somewhatlower bone
turnoverthanwhite women([5,18,19,21].
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Fig. 1. Calcium homeostasivariablesin black (filled circles) and white (opencircles) premenopausakomenduring administrationof 1,25-
dihydroxyvitaminD [1,25(OH)}D]. Top: Serumlevelsof 1,25(0OH}D andionizedcalcium.Middle: serumlevelsof PTHand25(OH)D.Bottom:
urinary calcium and calcium clearance Time trendsare shownfor eachgroup separately*(p<0.05). Group differencesare shownby *p<0.05.
Time/groupinteractionsare shownby **( p<0.05). (All analysesvereby repeatedmeasure ANOVA.)
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Fig. 2. Changesin bone turnover markersin black (filled columng and white (open columng premenopausalvomen after 1,25(OH}D
administration.The resultsare shownasmean + standarderror. *p<0.05at day 4 or 5 comparedwith the basalvalue by pairedt-test. BSAR
bone-specifialkaline phosplatase;PICP, carboxyterminabropeptideof type | collagen.

It is known that increasing serum calcium and
1,25(0OH}D have an inhibitory effect on PTH produc-
tion [20]. Incrementsin 1,25(OH}D were the samein
black and white women,whereashe expectedncrease
in serumcalciumwith this protocolwasslightly greater
in black women. This could be due to greatercalcium
absorptionin blackwomenin responséo the increasen
1,25(0OH}D, although this study did not directly
evaluate this. Prior studies have been controversial
with regard to differences in absorption efficiency
betweenblack and white people[31-34]. Decrements
in PTH were larger in black than white women,
presumablydue largely to the greaterincrementsin
serumcalciumin the former.

The finding of a comparativelylower incrementin
calcium clearanceunder dynamic conditions in this
study in black women, supportsthe thesis that renal
calciumhandlingis a major racial differencein skeletal
metabolism.Even in the face of a greaterincreasein
serumcalciumandmore prominentsuppressiomnf PTH,
both of which should increaseurinary calcium more
dramatically in black than in white women, black
womenhad substantiallylessurinary calciumexcretion.
This finding also agreeswith racial differencesin renal
calcium conservatiorwhenchallengedoy PTH infusion
[22].

1,25(0OH)}D is known to be a very potent agentto
induceboneresorptionin vitro [35]; however this action
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has not clearly beenshownin vivo. Duda et al. [16]
showed a very mild stimulation of bone resorption
in osteoporoticand postmenopausahormal women
assessedby urine hydroxyprolinewith a daily dose of
2 ug/day,but Geusenst al. [36], who administeredan
evenhigherdoseof 1,25(OH}D (4 ng/day)to patients
with osteoporosisind osteoarthritis,showedno hydro-
xyprolineincrementWith the samedoseof 1,25(0OH}D
(1 ug/day) usedin this study, we did not observeany
changesin biochemicalindices of bone resorptionin
postmenopausakomenwith osteoporosigl7]. In this
study of young healthy premenopausabomenwe also
observecho changein boneresorptionin eitherblack or
white women after 1,25(OH}D administration. It is
possible that the 1,25(OH)D-inducedbone resorptive
stimulusis limited in vivo by the acutesuppressiorof
PTH.

If 1,25(OH}D administrationstimulatesboneforma-
tion, then one would expectto seeincreasedn all the
bone formation markersmeasuredn this study. Serum
osteocalcinevelsincreasedduring 1,25(0OH}D admin-
istration in postmenopausalvomen with osteoporosis,
but serumtotal alkaline phosphatas§l6,17] and PICP
[17] levelsdid not change Similarly, in this study,using
the bone-specificalkaline phosphatasassay,levels of
the enzymedid not increasewith 1,25(OH}D stimula-
tion. Although 1,25(OH}D hasbeenshownto stimulate
alkaline phosphatasegene transcription and mRNA
productionin vitro [37], it is thus likely that mature
osteoblasts,in vivo, do not respondto 1,25(OH}D
administrationThis raisesthe questionasto whetherthe
1,25(0OH)YD effect on osteocalcin might be gene
specific, rather than an indication of bone formation
stimulation.Both serumosteocalcirand PICPincreased
after 1,25(OH}D administrationin black women,butin
white women the incrementswere smaller and not
statisticallysignificant.The findingsarenot surprisingin
white premenopausalomen,sincewe observedsimilar
effectsin postmenopausahite womenpreviously[17].
Thesurprisingfinding, however thatblackwomencould
respondto 1,25(OHYD administrationwith anincrease
in the bonematrix componentPICP,is of significance.
The PICP increasein black women also supportsthe
concepthatagreatefincreasen osteocalcirseerherein
black femalesmay actually be relatedto bone organic
matrix formation ratherthansolely to osteocalcingene-
specific stimulation by 1,25(OH}D. Furthermore,this
increase in osteocalcin and PICP is likely to be
independentof prior resorptioneventsin the normal
couplingprocesssincethereis notime lag andtherewas
no changein boneresorptionshown after 1,25(0OH}D
administration.Theseresultsindicate that either black
womenhavea greatercapacityof matureosteoblastso
respondto 1,25(OH}D or that the responseis more
vigorousbecausef the lower basallevelsin blacks.By
eitherexplanationpnecould speculateghatthe ability to
respondto 1,25(OH}D more robustly with osteocalcin
and PICP could confer some advantagesn blacks to
achievehigher bonemassthantheir white counterparts.
It is importantto note, however,that black womenstill
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have lower osteocalcinand PICP levels than white
women, even with the observedl,25(OH}D-induced
increase.

In conclusionwe haveshownthatblackwomenhave
superior renal calcium conservationunder static and
dynamic conditionsand perhapsa better ability of the
osteoblasto respondto a formation stimulus.
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