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DECLARATION

I cleclare that tlre worl:: descriE¡ed her-c'itl containE no

materrial tlrat haç beetr accepted {6r t-he award of åny degree

Dr di.ploma in åny Ltniversity and to the-. begt o'{: my l:: rìclwledge

arrd f¡el i e{ contai ns no rnateri aI previ ctt-tsI y purb I j. çhed or

written by another person, except wherÉ dlte ref eretnce is made

in the tent.

.[ consent to tlle thesis being rnade avaj.Lable for

plrotocop'/j.ng and Ioan, Í'f: àppl.Ícable,, i+ it is acc,epted for-

tlre awarcl o{: the degr-ee,,

D¿rte "æl"zqþ""." Siqnatltr-e,,



ABSTRACT

[-'r-eviot.rs s,tr.rdies inclic"rte that cor-tÍcoster-oid cìstËJc]pGrosis

is ltrriqure in that it :Lg rn,rr-|,.t:d by botii åTì jncreas;r¡ in bone

resorptron and a de:crease in the bc¡ne {ormatir¡n r-at-e" lhe

Íncreased barie r-esi:rption has beerr dernons,trat-ed in 'f.l-ris;

sL-ries try ån increåse in nrinary hydroxypr-oIine a'xcr-etion

wh i ctr tr,:s been shown Io be ässotr i a l-i:d wi 'Lh decrea:ied

r.¡diocalciunr absorption .ìfld increased urin.ery calciurrn

Ei(trretiori" An j.nclex (r'¿rdiocalciurrrr alisr:rr-ptian c"rlciurrn

exÈ:r c'tron) discrimi.n.rterl L:e.tu+een osteaporotrc (OF') clnd

non--osteoporotic (N) ccir-t-.icosLer'Ërid"-{-r-ea1:i:rj (:: ¿rr;e^e. hm1.i-l-r- t--. 11äfl

Èiny ¡:ar-amel:er aI urre "

[4hett radi.clr:aIuit-tn alrsc-'r'¡t;icrri wåE r-Ëqr-ii:iËËêd Ërr'¡ tlit* EEir"Lrilr

11?:j--dihyclroiryi:alcifer-oI (1rÏ5D) Ieve-I jt wåç fonnd tlr"rt the

slope wc\ç; r¡or-nral. íor- t-l-¡e N pat-is-.lr'{-s ((-)"(-r(J5(-,+(:).(..itll,(j) br,.tt-

sÍgni{icantly flat-ter l:r:r- tlre tlË' Fatients
((1.(:,0:4+().(_)()(:)8;p.:::(_).(J(ll). Thi:, indicates å dE:r_reased

eff iciency in the gurt r-e:;ponse to 1rlSD irr the OF patients.

'l'reatmerit o{ the calciurrn malaL¡Eorption w:i.th l,r1i5lJ c¿{Lrsed

the hortrly fractional r-.rdicrccìIcilrm abrsorption to r-ise frorn

(:).:J7+(:). (i4 to (J. ô4+_(j. (:)7 r-r'f the dose per hourr (p.::: (_i. (Jl ) and,

when combined with a calciurm sLrÞplernent, å {aI1 in lrrinary

hydro:lyprol ine e:lcreticrn tr: nor-rna1 "

Ìtre radiol:inetic bone formation r-ate wcrs fclutrrd to bel

tJecre¿r=ed in patierrts cjn corticogteroids, wherr tf're! whìr'E

cornpared with postmelnopåLrEcrl osteopor-otic r^JLffilen, l'real-n¡ent-

with nandrolone dec;rnoate trìcr-e¿ìged the br:ne {: c'rrnation r"ate
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f ront 45+1 / t-cs I'..\/++.i7 rnl] Ca/d (p.,i(r" (-)t5) r n those gi ven

narrdrol. r:ne .-1I onL¡.

l"lre e{feci:s ci{ tr¿rndr-c¡lone on l-lre for-earm bune mrnera.[

derrsi ty r rnL'ÀsLtr-c.d tty pl-tctr:n "-ebsor-pt- r ometr-y, werF j. rrvi:stl çated

rn å cr-osË-Ever tr-i;¡1.. llrer-e NåE ä signÍ+i.can1:

(time--weiglrted) r¡arn in bone density on n.rndrolone (+1"ô+(i.ó

mg/nLlmanth¡F',::(i.(:r5) and à signif icarrt (ti.rne*weigtrted) Ioss

o{{ tlre drltg (--1. f,+(1 . I, rrg/nI /month i p.:: C}" (:}1 ) . -lhe cli. +{: (sr-ËrìcEi

between the:;e 1 rates wå-r highly signÍ.f Íca¡rt (p.,:.11 "{)(:¡1).

I he r-esr-rl ts cc¡n{:i rm tlrat cort i cnster-oÍ d osteapcr-osi:; j. s

åssociated witl-r a)decreaged i¡rtestj.nal calcium .tbsar-ptÍon and

b)incrc'aged r-trÍnar-'y' calciltrn Lã)(trr-u.tir-¡n .rt-ir.j ¿ì\ new irinle:1,

cornl:itrinq both par-armeter-s, lras treiel'r cJc+,ye.l.o¡ied whicl-r

di scrÍ mÍ nateE nrr-l I be'tweern osIeoporati c Ë,is3F-]*, ¿:lrd {':l¡a,=e wi t-lr

Ilclt-fnå1, spinr¡E (F::.t-i"LlQ()1), -l 
lr i.; rTrÀy tre L.rs¿.fLrI .tr.¡r pri:rClicting

tl-re ris[': o{ the diseage in ¿åny indiviclr-ral pat-ieriL cJtì

cort i coster-ai d thc,r-Ëipy. l'he h¡ j. nchemi. cal. rÊrsponrÞE 'Li::

calci.triol and calcirtm ther-a¡:y sr-tgrlests t-lraL.'[hÍs i.- Ã t-rse{nl

cornbÍnatior¡ for tre-atment and thc. rÉ?r:ponse of bone rnine¡-al

density to nètndrcllt:nÊa slrqgests'l-hat lnrther improvement rTiåy

be qai rred -From .errabol. Í c steroÍ d ther.epy u..¡hi ch åppeã\r-Fj t:u

cor rect tlie abnorrnaJ. Í ty j. n bone { ormat i. crn,,

Ê'
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CHAF,I-EF: ONË

REVIEI¡J OF THE LITERATURE

Clinical features of steroid osteoporosis.

Harvey C-r-tshing, ulhen f irst fle¡13cpibinq the Byl-ldrolnÉr of

errtlcgenol.rs hyper-cort:i,gcllr,.;ni (Cur.*-lri.nç.;rJ.?l'li), tltr't-t':tl a "flì.{r'ir.È?d

thoraci.c l':yphot;i,:" i.n ô ¡l.rt r:{ 1li ¡:*rtietrts ¿rlrd årt "Íi-lcl-E¡.:.ç;eçl

l-'=r.:n11 ertc.y tc .f r-ac1..r..rr e", 'l-tier+e 
=1,: 

t:letal n{ f ec': L.s iìt"e l-1 or/J

¡sç¡srqñj.red ås, seríoçt:; sij,de e{:'fet..-tt= t¡{ t-r-l'atrnerlL wit-h

cortiEone ancl its analclqL(e=," Indeed, =hc.rr-t-.Ly a{:1-E'r the {ir"=.t

r€:Fort clf {:lrn t-r:rlrràt-[':at¡Ie clinica]. effj.Ëirc:y o{' cor-tisr:ne

(Henclr et- a1 ,194c1 ) deçr:riptions appeareci af f r"act-utru-s thraltgh

bsne wh i clr had betrome- osteoporut i c dr-rr- i ng çltch t-lrer-apy

(Folancl ancl Headley, 1.çsOillernar-tinj. E+t a1., 1l5i:lür-rrtÍ*-s et

a1rl954)" The" ver-tebr-¿re ancJ rÍbs ar-Ll mclsl- nften affec'b.ed

(Rei{ensteinrl95ó) and {rac:tltres mely åPpeår witl-rin weL5 l':: 5 o{

beginning thË-'r-.rpy. As; weII as caltsing pairt and restricting

ptiysical activity, these {ractures cån Iead tc: å wor=erting af

r-espir-atory fr-tnction, in asthrnatic patit-nts, Lry spIÍrrting o{:

t-hel clregt u¿all. (by r-ib {r-actltres) and by r-edltcinq vi't-¿rI

capacity (with vertebr-aI fr-actutres c.rutsint3 s1 redltction of

tr-nrr k height clFìd incr-easitrq dorsal. llyphosÍs).
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Prevalence in Cushing's syndrome-
"llrr: prr¡vcìIt::nce tr{ o=tecipor-osir¡ in CLr"i;tiing's syncJr-Grne j.s

c'li'{:f i. cr-tl. t t-o irs:;urËs becau(.¡L- tlrer-e i. i- no gLan€er-al I y cìcc:epted

der{Í¡tL'L.i.r:n c:f cr,¡'teoporr:r.-;ir¡. An ear-Iy rE,viËþJ (ËiEenhar-dl atrcJ

Thc.rmp=cnr19;i?) notecJ "ostL+opr:r'cl.:i.i" tc Lre pre,settt, cln

gtandard :.í-råy { i } mr;, i n 5l ol.tt of ó1 ctrìläFr= o{ [t-.rç;l-ri ng 's

=yrrclrc:mt:. SpràqLre r.'L aI (1cz'5å) estirnated that at least 4t.-t7. of

sl.rctr p;iLients bec¿rnre osteopor"oticr l-tej.{encte.irr (1958)

esl-j.rnated the prevrrlence clt 91.ï"r Soffer et aI (1çó1) at -JLtz

¿rncl Ur-banjc and Georrle.i (1çU1) estimated rt at /+å7. I t^rith r¡lclrnen

beinq af{elcted rnclr-É-r o{tç:n than rnen (Fieifensteinrl9S6). l.ht--";t.

esti fii¿ìter-' wer-e rn¿Tdt: by s.,r-rb jot:-1:i ve _1 lrdqement a[rcr-rt velr-tebrai

lr ¿rrrs-1 urcerir:y i n l='t.¿{nd.ìr cl r aclr ç}cJra¡lh:;"

A tntrr(? nt:i-it-.ic.tive t..¡'Limat-e n{ 1:he=: []r-L:r\/ril.erict¡ o{ cst-eupcirogis;

in ¡:atierrts r,rith []r..t=lring':-: -:yndr-clnìFr rn¿ì]' be nh.¡t-ained by

èìflcaIy=inç tlie prc'portion c'i: sutch pa.tj.err t-E wi1-lr {ractLtre-s."

Spragure et aI (1c/ïi-i) rer¡:crteif that-. 2(:.' r:t-rt of 1ü(l st-rclr

patÍpnt:.. (11ö7.) had {:r-ac1:lrr-ecl r-ibs.. Hsull."-rnd e1- al (1çi=jÉl)

repor-1-ed that ;ì9 c.lut of 6S cèi:ies (A.'ì'li had vertebr.rl

fr-;-rct-lrres . Forty :;ir.r (67'A) of theç;e patient-= lr¿rd r-j.þ

'fract-urr-es ancl 6 GZ) had ¡reJ.vic fractutres. Íicr{{er et a1

( 1961) r'Êiported th.ct :(l nltt o{ 51 patients (;itl7,) had

patholoçÍc.rl fractnres and ttrese wer-F rnairrly j.n tlre spirre.

Prevalence during Corticosteroid therapy.
'l-hr- []r-evÀIt:nce o{ ast.eopor-o.;i.s dt-rr-inq ster-oid t-her-apy is

alsr: di{fi.cLLIt 1':c: å:=Éessr e=pe-ci.r11.y rrs the dir'e'asç:"i {:ot-

whrch corticosteroi.ds tlt-Et prescr-ibed (rheltmatoÍd arthr-iti=

arrcl renal cliEease, for example) crre cornmonly åssclciated with

a



oF'teoFor-oËiE tlrern--elves. l"lcCor-ll:ey et aI (1çtô'¡) r-eported tlra{:

rjtr"r'oirl therapy {or rheltmatcid ar-thr-itis di.d not incr-trase the

preval.ÊlncLÞ o'{: osteoporosi.s, crË. .jr-tdgecl by s¡rine r-acliogr"apl-ts,

bt-rt 5 ont- of á1. s.terr-oid tr-e¡"rt: ed p"etien{:g ({37.) Ín their- t=erie=

had vertebr'¿rl {ractLrr-L=!; ¿rrr d noTìe o{ thos.e not cln steroids,

[i¿+viI]c" ¿rncl l,.arrrrosh (196-/) {ournr-l å de¡trimental e{'f: ect of

eteroidçj. cln tlre spinr", br".rt nriJ.y in patierrts over 5(l yeår5

oId. The ¡:revalenc€l r:f ostero¡rorosi-* j.n asthmatic patients on

steroj.ds lras t¡een ¡-s;'pçrrtecJ 'Lo be nearly twice that cr{: ttro--e

not un sterc:icls (Ar-nol.dss,onr195B) t¡r-rt Mure¡Il.er (t9-/â) 1 t-tsint¡

forear-m plrotorr dençi tomel-r-y, çI ai med th¿rt cnr t i cue'l-er-ui d

t-trer-apy caltged ncr t:c:rrer It::;=; in as'ttrm¿r{::ic patien'Ls,

On ¿:ttral.)i5ing ttre ¡.irt'rr..iaItlrt'rcf: o{: fr-actltr-e= in pr,tik:rltc; Ílrì

long Lerm c: nr-ticosl:err:-rÍd thr--rapy (tabIe1"1), ctì. mor-E:

cr-rfiEi=tent pÍct-r..tre errr.:r-qeE" $'hr:Ínbroc[,:er et a] (1951) fclttnd

that T olrt of 1IB pati.ents (:7.) rrn lr:ng te-rrn cortico,st-.ert:rid

ttrer;rpy had {ractr-.trelg (1 vertpbr-¿rl arrd t hutmer-al}, BoIand

(1951) fortnd:l: cr-rt crf 76 (4..\)1Etr-.rrraçe et aI (1?5li) for..rncl 5

ot-rt o{ l5(l patit=nts (t77.) tt: have {r-actrrres'l ArnoldcåËron (1?58)

fournd f, vertebral and ? pelvic fractLu-es in 'I 47 patients

(47") I l,.enda11 (1?ó(:)) {or-,rr"id fr"acturres in 5 ourh o'f '/(:t patients

(77.) 1 lfcCon[,: Ey et aI (19óI) 'f olrnd 5 oltt of Crl corticosteroid

treated pat i ents (137.)

cort i costeroi d-tr-eated

l:.hat^rnosh (IcÌ87) {ound

had {r-acturres and none o{ ::6 nrJn

rher-rmatoid patients while Saville and

7 sr-rt n{ 4'Ì corticosteroid tr-eatr.d

(L77.) ¿rnd I urr-rt o{ 32 noii corticoster-oi.rl treated (I-Ï7.) had

fr-acELrÌ-es'. Adinof{' and HoIl.:i.ster' (1981: ) foutnd fractLtrÉs in I4

ourt oË 128 corticoster-oi.d tr-e"rted (117") and none o{: 5B non

cort i co=teroi d-tr-eated patj. errtg wi th asttrma,
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reprrrted
paLj ent=,

/ìdi no{f and HoI I i ster-
"l-able 1.1"

l:'revalence a{ {:ractltres o{ alI 'type=
r-Etrospr.cti ve ,st.(rveyx c{ c:or-Li casteror cl- treatercl

l.n

-l-tiese fÞL(rveyE , bei ng r-etrn::¡:ec{: i ve ï catl tre: coFìsÍ dt'red åci

rnÍnirnurm c-gt'.rrna1:es c.:f tlre pru:valenc:Ê r-ctt-es, es;pecrally i.n the

ear-1j.er stltdj.eE where áþJårerì(?--= of {ract-LlrL:5' nlåy not lrave

bee¡r Às wirlr*=Epr-ead ål= it wcas l.ater'. In cl ¡lr-cr=;¡iective stltdy

Adi naf { and Hol I i stt--r' ( 1c18f,) {olrncl t-hat {racl:ltreq devel oped

in B outt of 1ç cortj.coç-.termid-'t-reated patients (4l.-17") .and O

outt o{ 11 nËtì cortj.coçteroicl-tre¿rted partient-ç wit-h sirnilar

deçree= of severity of asthrna, l-hr-.ts the incídencc-. o{

corticosteroid-indr-rced {ractLrres rnåy bÊ lrigtrer t-harr generaIly

sr-tpposed. Fi nal I y, Lurder ( 1954) and Chesney et. al ( 1978) h"rve

reparted the oc(:L(rrenËe o{ osteoporosi s i n ch j. I dren nn

steroi d therapy.

IL is clear- tt-rat osteoporosis i= a cc]fimon conìplicat-ian o{

corticosteroid ther"epy br.rt it pr-obably ot-:c(.u-s less {requently

i. rr tlreEe ¡rati ents than i n thoss: wi th Ct-tEhi ng '= syndr-orre"

Fcstnrenr:rpacrsal wclßìËn (Savi I le arlcl

1(l



l'.armosl-l 1L967 I Ar-noldsson,195Ë; McConl:ey e-.t al , 19ó1) , the el derl y

and irnrnobil.i;ed (hler{ensteinrI9SB) and chilc1ren

( Lutder- , 1954.; Chr.sney 1 !t:ì7â ) appear to b+¡ rrol;t a1- r i sl,: .

Objective assessments of bone

No use{ ul ser- i es o{ bone rn¿lsis

demineral ization

.rssesç;ments i n pati ents wr tlr

the anthor. MeascrrernentE of

therapy, however,, have been

ar¡d l':.arrnost-r (tF67) measltr-ecJ

Curstiing's

bone rnåEE

reporte-d i rr

the cor-ti caI

=yrrdrcrne j. eå l,.FrÐwr-r to

dnring cc¡r'ticosteroid

1f, str-rdÍ eg. Savi I I e

thic[:rFlLãES of the radial --haft i.rr patients wi.th

rheurrnatoid arthr-itis and {'eutnd:it =ignificantly redr.tr:ed in

patiL¡ntË. whc h¿rd ttee-rr t-reated r.,ri tlr car-t j.coster-aj.ds: wlrert

troriìpar-ed wi th si mi I ar* pati c.rì ts wlrr-r har-l not- r ËËL5i vÊd

cor ti cnçter-cli cJs" ñ¿rl l agher et ¿rl (L97'.:: ) f ournd th¿rt the

metac-nrparl c-clr-tic"rl àreå to total. år-era r'¿rtis þJ¿1-.; bt-. lot¡ the

rnean for- åqe in 16 patients on cnr-ticosterr-oids,

tlre 1ó rnLååELrreme+nt= beirrg below t-he nor-rncå1. rnLrån

rnore tl¡an f, s.tancl ¿rrd derviation'; belr-rw the

wi th 1f, of

årrd ;i bei rig

rneån. Si rni I.1r-

exårnininq ttredecreaseg j. n per cent bc¡ne voI Lrfiie

tr-abesurlar borre histology in these

f"lrtel l. er- (1.']76) 1 ur=.i ng photon

decrease i n f orearm bone rni neral

pati ents whether clr not t-hey

corticosteroidg. These findings

r.i€rr e { outn cl on

pat i ents.

clensi tcrrnetry 1 + oernd rro

content in 114 asthrnatic

had been treated wi th

arFf at variance with tlrose o'f

Hahn (i97Ê) who fnurncj

content decreased hy

and by f,9.:5+'".C)7. in

thera¡:y in patients

bone rni neral content

that radi aI rne+taphyseal trone mi rreral

11.6:l!.87. in 1ó patrents .e{ter 1-f, yÊ¡är-5

Ji: patientg a'fte.r- f, yeËìr-€- qllrcocorticoid

wÍth r-heltmatoid ar-thr-itis. Di.eptryseal

decr-ea=ed by ó. f,+f,, 17. at 1-f, years and
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L-/.4_17"1.2 a{ter f, years in the Eam€-r piatj.ent--. Ag trabecnlar.

bone ma[,: es Lrp 7=Z o'f: metaphysea.l. trone and onI y It:¡7 c.f

dia¡illyr;i:al bone (tìclil Ën[,: er- ¿rrrd vc]rl Segr¡Ê,n 1I9"/6) 1 tl-re resurlts

sutgçe=t th.rt trabecut.lar- bone is toEt- ¡rreft"r-Eñti.rIly c.lurring

cor''L-.j.costeroid l':trerapy. Simil.ar firrding= were ¡s.por-ted by

Chesney et aI ( 1978) r,lhere 25 clii I dren 'br-eated w j. tlr

corticostr.r'oidg {or r-6-rnåI disea=,e lr¿rcl å me.ån r-eclLrction i.rr

{orearrn bone mineral rnås"= of L/:.7lL,"7 (F,:: t).t)()1) r.itrerr

compared witlr 7óFJ cantr-t:ls) .

In 1c?79 Fress;t:'t et al. r"epclti-=d å decreagecl per r:r¡rit bcinr-:

volutn¡e in histological sectiong {rc¡m 31 cc'rr1:icosta.r-r:id

treal:c.d f:emaIe pat j.er-r t.Ë (1().6.r"(:,.Ç.)4.'/.) cour¡-rared r+:i th tl-¡at j.n

1(_)ct rontr-oIe (1Cr.i-i+-(:).(:r:i;/.rp.,.,ri"(-r:l). Ël.r-.rcl:: e1:: a.l. il.ql8:1 ,' Eli c¡¡elij

that :l-(-) ¡:;.rtients cn alt-er-nat¡:¡ ilay clri,-t:i.cc¡l;l:er-r-:rds lr¿icl

decreaEr¡d cør'tic¿ll hane rrr.rsE :lr-¡ the {crearm (9f-;-"/" oÍj rrclt-rrrg1)

åË did 15 patients orì c1 aiJ.y tlrerapy (gt:.¡y,, r:{: rror¡r¿¡, I). ]'he

tlet:r-eaç,es i.n trabeclrlar- bt:ne nr¿i:;Ë in the {c:r-sarrn (E'/.2.1ñd |f67"

of ncr-rnaI re=pectivery) were gr-eat:er. NorclÍri et a.l. (1c/Ë1)

r-e-'porte"d hi=tological f indÍrrg= in l:i csrticoster-aicJ tr-eatr.d

patiert ts wlrere the per cerrt bone volr-rme wcrs 11..4t(:r.Bt)7.¡

cornpar-ed wi.t-h 17"ót_(1 .397. in cEntrolr: (p-'::t-¡.ö(11).

Reid e'b aI (198f) found 'the 1-ot"aI body cÈ1 IciLrrn content, by

nelttr-on acti vati on an.tl ysi s, ts be decrease-d by 'II "32
(p.'lt)-Cr1) in males and I-J.-J7. (F.,::r:t.O(11) in 'females with

rlreetmatt¡id arthriti..s on corticogter-oi d ther-apy whi i e :,Ími I ar

patients not orì cor-ticosteroid therapy had clecrease"j r:f :-i .l:7"

(Þ'l()"(:)5) and 6.e7. (p.l(-r.(-) 1) r-f.lrspect.iveIy. Gr-eenbe.:r'ger et- ål

(1ç82) tournd the cnmbi.rrc-d cor-ti.cal. thi.cl': ness in metacclr'[]rrlE

to be a1- cr bel ow thc, meån f or- åge i n ;il ccrti coeteroi.rj

1?



treatec'l rndivi.clt-rals (p',:.t)"(101), wj.th l')7. havi nç vaI lte.=; rnt:rê

rrElrltì,, llicl': er-g e.t .1 Ittian':;' starrd¿ird deviatiorrçi bel.r.rw tl-re

(:l.ctfl:ì) ::lrows-'d that t-tre {orearrn borre: rïinÊ.r.rl cclrìt-ent-" me:ast-rr-ed

by photon absnrptiometr-y, courld dr.:crEåt'r'r by ::i.3y., in å mc¡nL'.hr;

after th+: irri.ti.ation o{ cor-trcost:r:rc:i.cl 'F-hL=rr-åpy i.n pdì'bients

t+ith liaematoloc¡ir::aJ. disc.rrder-s. F.ÍnaIl.y, AcJirro{{ arrd lìol.Lister
(198f,) {oltnd tlre fore.rr-m bc:rrc-: miner-a1 cclntLãrìt to be decr-eåsFd

by ¿r nìLrån of 1.4 st¿rnrlar-d deviation urnrts in 1tu

cort i cc:ster-oi cl-tr-eaterJ asthmati c pati ¿"nts r,+hen comp"rr-ecl wi t-h

'?B normal controls (p.'::tJ.(-i1). lhiç; loss wåti; thourcllrt t-o t¡e

greate-r in thm trabecr-.rIar than the cartj.cal bone ber: .rLlse o{ cì

t¡reater 1a11. tn distal tlran pro:ti.maJ r-adia.l

treing à grr:;rt-.er pro¡rnrtinn t:{: trabeclrlar
(Sc-hl eri[,:Er and vcrFt !i+-:r¡ç],Q.n, 1t:i-/6J . Agtl-rrnati i:

ci.mi.l.er dEgree's c¡f rc?sËj.r-atnry rJ¡rs{:urnc:t j on,

t:. j the+r j. nter-mi ttent cnrti casteroi d ttrerå.Fy r

h.ed nri si çn i { i cant clecr-Ë+ås;t-- j. n bone rnj. neral

b r-rt-.

rJen=i ty, th-r€?r-F,1

bone di s,taI i y

pati€nts, wit-l-l

v+ho receÍ veuì

[iicl:: ers

tr-eated

proi{ i rnal

et el. ( L(tËi4) reported

t^li th predn i snl. ane { or

f srearm bc'ne rni neral

sÍmilar i:indl.rrg= Ín :iI

24 uqee[is wlrer-e a ].,5j7.

Ët- nÐne

conterrt.

at- aI l. ,

[::i nal J. y,

p at i en t-.-.

I oss oi

and å :j,.a7. los,s c,.i: distal (rnr:rL"

t-rabecnl ar ) f orearm bone mi nt-.ral were nr¡ted.
-l'truts rt cån be r;.rid tlrat .l.orrg term cantinnor-r=.

corticosteroid ther-.epy cJoes Iead to å signi f Ícant lor=s o{

bone, anrJ that interniit'l-c"nt ther-apy rnåy be Iess ha:rar-dc-¡uts in

th i s respect. Ëione rni neral content has heen rel ated to bone

strenctth (Da.l.en et aI ,19761Carter et aI ,lg'7loJ 1 arr d tlr t_rs, lorss

af trone ts almost cer-t-ainIy 1-hÈ- cåL.rsÊ o{ thr+ larqe lrtrmber oi:

ir-.lctltres r,lliÍch Ðç:cLrr- durri¡q ster-oÍd tlrer-apy, -l'tie nieclra¡rÍsmg

by wlri.clr cortÍcos-,tt=:r-ojds tråLrEe this br:lre los:; will be'
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exårnined Ílt this tlresjis.

Effects of corticosteroids on calcium metabolism

SeveraI auttlrc¡r-s lravr: showrr th¿rt tl-re acll-erral gl.ancl=; lr¿.rve¡

e{i: e"c:: l-= c¡:pr:site tr: ths:e o{ ttie parathyroÍrJ glancl s, t]n the

on€: lrand, adr-enaJectorny Ieads to ,ã r-içe j,n p1;rsm": calcjrtm

ccJncEntr-atinn (LsEhrlc/.J?ltìprågL(FJ et. aJ rJ.?5.1:ll"lyer=rlci6liÌ), fsrrclr

å r-ise lras aIEo been repcrterJ wj.t-.h the onset ol:

hypoadr-enal.j.sm in {:he pr-Ë?Ei=ncE s+ liypopar-athyroidi=nr

(Forbesrlc'56). on the ot-her trand, Çlr-rrccr:r'ticu:ltl:: tenci tt:
lower Lhe ¡ilarsma r:al.ciutni Ievel (Stcler-l: et a1rLç6.i) and c1r-Ê

ut'¡ed in the tre¿rl.ment o{: hyperc-alcat-=nr ia (É:ìrrclrer-s.;on ei:

alr1.trz'5-i4ïCc:r¡nc:T t¡t- aJ ri.cli:jd:lHennËmår! et_ aIrJ.c/Sd¡il"lc¡rclan el_

al r J.9IJei¡ Ver-ner- e.t aI u lclStil ti .l .rter t:t al ,1g5cl; I'lnnrJy +r-rd

l"lartinrlçË:), altl-rot-rc;h it rnr.rs;t be acJnittecl 'El-rey äre rir:t

t-tsual l y effecti ve j. n cåses of pri rnar-y hyper¡:arathyroi di s;m

( Derrt , 195ô ) "

F'arathyrr:id liyper-pIar,i.l lra,j; tleL-fl r-epc.;r-ted in (-lrsrrinq's

syndrome in mån (trlajchr:rrbert¡¡I?65) and foltowing
g1t-tcocor-ticoid ther=\py in arrimals (t¡lilliarns et aI ,l.g-/4).
l-lor,+ever the c¡bservat-i on o{ l:c:r-tres, .rl re;rcJy menti oneld , ;rnd

that o{ 5sg€lr-stroin ancJ Ohrn ( 19'i T ) that corti Ëone f ltrther
I oçvered the pI;rsrna cal. ci utm i n ¡:arathyr-oi dectomi recJ rats show

that parathyroi d trerrnone and corti cogteroi ds trän act
i ndc-pendentl y. cor{:i. costnroi ds do nr:t consi stentl y I ower the
plarsnra calcir-.rm in the nornral. intact ¿rrrim¿il([:or: et aIrlgTB)
and the evid¿:rtce srtpports thu. hypothesis th¿r'h. p.rr-atlryroicl

hartnorre s'Lacretiorr i.ncreases to maintaj.n t.he plasma calcir.rrn

dltr-ing corticosterc¡Íd theråpy. l-hÍs normalIy over-cclrnÉìE årly
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terrcJenc y {: or ccrt i cos't er- o j. clg to pr" rJdLrce lrypocal c¿rtim j. ¿i

Aetiology of steroid osteoporosls.

hiei{:eristc:irr (I?3¿r) [reli.e.ved tlr¿it qIL.(r-üç:ifr-ticoÍd ther-.rpy

pr-odt-tcerl an irnlralårì1.È? he1:we.'L-n cat-.rbr:.[j.c e{fects

(cortÍsol--Iil're) and ¿rnatrol j.c r:{fects (andrc:clen-l j.lle) arrd ttrat

thr.¡ r-esurlt¿rnt rJr+cr-ç:aE;e Ín for-mation o'i: bnne proteÍrr matt-tl'l

I erj to osteoporosi s, He sLrgqest-ed that anabol i c s:ter-oi d

therapy wpr-tl.d r-ever-se the [:one l(]:-,s clr-.rring cr¡t-1:j.r:nster-nid

ttierapy- Str-rdies s;ince tlr.tt trnrer äË a.lready aIIltdc.d to, lrave

sr.tgeested, however , tha'L -..1-er-r-li d osten¡:r.-:r-o:;i s j. s a5..otri ated

r^rith .rbnornr¿i.[ities u'f: ca.l.c.inrn rnetabc¡] i.sni le.acling t-n irtcre¿rselcJ

br:ne FÊFrorptrcin (Hlrrrj.m et aI ,l9iJt3iLtayJinl,: :.1 9i-l:1,). l-:ltrtherrnÉr-c¡ì

cc¡r'r-ec1::it:rr c'f 1.. lre"se alrrinr-rna.l. ltreg wrt-l"i t:al,r::: rlrrn årìcl vrta.mrrì u

nray rc?ver$e the br:nË] I os:; st-r{ { elr-eld l:y par". r. ents r-.¿rl-,: t l-lÇ

glurccrc:.or"ticuj.r1'r (H.,.irrr el- rrl , i.rì/t?) "

It is cbvicruts tlrat usteoporc¡si.s3 rrìåy l:e cat-rEeri by eit-her-

da.cr-eased borre i: orrnatisn, increa.ged bune r-e-'(frFtinn r¡r- Lrathr

ancJ there.{ore i. t i ç necessårv to cnnsr der bclth 'i:act-.ars r n cr

str-rdy o{: stero j. rJ osteoporosi s.

The bone formation rate.
-l he s[':e]eton is continr-raIly remadeltinç, with ån annutal

trrrnover Lrp to ?'Jy" Ín adults (F'ar{itt,l.9U()). Erone resorption

i s å f utncti on o{ osteocl astr=,, whi ch åre sti mltl at-ed to resorb

bone by parathyroi.rl hormone. Ëione form.etinn, on the other

hand,, j.s,å {:urnction o{ osteoblast:; wlrich åre respon:;:,ble i:Gr

¡rr-odcrctron o{ a prcite'in m.etr-i.il (osteoid) and tl-re sutb'-;eql.tent

nr ineral.j.=atj.c¡rr o{:it. l'lre l: actors cc:ntrnllinË tione fnrrration
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cìre poorly L.tnder"i'L-.clËd br-rt tl¡ere Ís e:vj.tle,nce for å de{ect in

El-rrs {:Lttlction in cc¡r-trco--ter-r::id treated pal-i.t¡¡rts, a(-; or-rtlined

bel. o¡r,

Hi::tÜinor-phi:rnetr-y tr{ bone biopsy sarnples .f:ranr cor-ticr:gter-oitl

trt'ated ¡:atients, j.n atldititrrr to slrowing å clecre¿rse rn t¡c-

arnc:ltnt p{ bone ci:nt¿rinetl r.¡ittrin the biopsy, shcruls a tlecr-er;.,ise

i n Lh i c l::n¿ìEis o{: tlrc. Ðstec¡i d Eeårn ( Jowsely antl

F{iggslLt}-/LtiL{reE;sat l=t al ,1ct'/g\H¿rhn et a1 ,1c"/c)), Decr-eas,ed

osteoblast rtltmbers ltave been r-etprorte.d try l.endal.l (19CiO) and

deËrease-d Lrone {:orrnirig s;lrr'+i{trr=5 by F:tiggs e'L al (19åå) " In .lwo

stt-tdies wfrer-e calcif ication f ronts wer-€r Iabel .l,e+cl irr vivo,

with tt+o ccit-tr=5Ëls o{ oral. Lt-=Lr-aL.yr:liTrr=. J: ourl:eeri days. apar-t,

the bcilre apposi.tional r¿¡te, i"e. 1-lre r-¿1tr-. uf pr.oUre:=Eic¡¡ c¡{

tlie EÊ{1cr"f: ic:atic:ri i: r'or,t{ þi¿{t; a.lsa {:t¡r-.rnd tc: be cjec¡-ea:;ecl (l". lein

et aIrl?ó-'r:l Ltressot et tr.[rlg7gJ.

ËJ.sertber-r¡ ¿rnd Gor-tlan (l.i/ô1), urej.ng stable str-ol¡tiutm, have

demcrnstr-ated decreÀsed bone L.urrnover- dr-.tring steroid tl-rer.r,py.
"llie lrorre {orrnatisn r-atç: [ån algo t¡e rneasurr-ed

radio*J.sotopically by foll.owì.nq tlre rate at wtrictr 4-Ca leaves

the p I asrna and slrbtract r ng the amol(nt I eavi ng the bocJy i n the

t-trine and {:aeceg (Il".trkinshaw et aI ,1ç.69)" 'l'lr is method

5L(clgesLs decr-eased incorpot-ation o{ calciurrn into trclrre durirrg

ster-oid tlrerapy (Gallagher e.t al (Lçl7iicril.ly et aI ,1978a),
Hydrocot-t i sone hag been s,hown to redurce osteob I ¿rst i. c

clctivity in rib bir:psies (Ë'rust and vjlI¿lnËLrvårl.góI) ancl to

inhibit protein syrithesis by;rncl Llr-icline incarpor-atic¡ inla

i--o.[¿r'terl bone ceIIs ([:'ecl,: et alrl.Lt6'/). Ccr-ti.coste-rr-orcls have

ctlso bee¡ L=.flowrì to inhibit gr-owtlr of osteolllas;tic cells in

vi tro (chen et aI r J.979) and to i nh j. hi t tyFe I cøJ.l agerr
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syn L.hesi Ë i n curl t-r-rred r-¿r't caI vari a

oste-'obIastic colIagen synthesj s, osteoj.d

( Canal i s, .[ ç-B:f ) .

f or-mat i on arrd

-l'hr".rs

ttre

bone'forrn¿rtj.on r-atr: år'e aII decre.lsed durr-inq steroid 'Lher-apy

Increased bone resorption rate.

Tht¡re årE geveral reports of i ncreaç'ed bone rFsclrpt i on

dutr j. ng sterc:Í d 1-her-apy ( Ri ggs et aI , 1 c/ó6; t{aj clrerrberg et

aJ.r1Çó9iJclwsey and FiiggsrL?-/t-tìL-ur[,:er-t- et aI ,1?'Z.J¡GaIIagher et

.rI ,1?'ZJiCr i l iy et aI ,1978; Eressot et aI ,19'79') " The cÀLtse o{:

tlrís increåse i.= nc.rt establj.shed br-rt {'-he {ínc1i.nt¡= o{ b¡oth

decreased rntestinal calcj.r-.rnr absor-ptien (Harrison and

Harr- j. son ï 196(:); Lihandar'[,: ar et aI , 19ái I Sa.l i. is anc]

t-lol. dL:wclrth , Xc/ói; t¡la¡chenberq et aI , 1969t l¡lj. Til.:er- et

al r 1(}ró9¡1,:.irnberg et al ,, l9TliCannigi.a and Ge=rirr¡rrr r'l-?/..'ii[,:ì eL r" et

aI ,19-/7lïrÌlJ.y et a).,J.'?78;Atlarns e'1, aI ,l9B1;fìl¡L.tltrrl9Ëìlij and

increaged lrr-inary calciurrn Ic¡ss (Irr^¡in et al,l954iFestiet et

aI ,1959¡ l-aalie,196t-li Canniqia and Genrrar j. ,197f,i Ad.erns et

aIrlc/Ë1¡Sr-tir-rl:i L.t alr1cl8J) slrggest- ttiat bone calciutnt may be

mobilired to maintain {:lre ¡rl.asrna calcinm concerrtration whetr

in=r.t{{icient calcilrn-r ig ak¡sc¡r-br.d {rom the gutt to balance

renal I osges. Sr-rclr å model lraç treen descr i bed i n

calcilrm-deprived rat,s g:ivc+rr a Iar-ge ssdilrm in'ta[,: e to incr-ea:le

nr-inar-y calciurm excretion (tìouIdj.ng, 19Ël(:i),

Arr alternative ÊÞxplanation {or theçe { i ndi ngs j. n

that i ncreasedcorti costeroÍ d-i ndlrced osteoporosi s r^¿or-rl. d be-.

tic-lne r-escJrpt-ion leads to decreased intestinal cal.ciltm

absorption atrcl incr-e.aEecl r-rr-irrary cal.cÍum c.xcrel:Íon be+caL.tsÊ-'of

i rrcreas,e:d f I ow of caI ci ltnr i nto the E;xtracel 1ur1 ar- {:1t-ti d "

Corti=oI has c\r1 inhibitory e{fect on bone resorption in
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vj.trt:, lrowl.ver (Nist:c-t and Nor-din, lgCrg;Stel-n, 1?6giRais¡ et

i+1. , J.c/'/ia) , aJ tholrqh lhi E ef f ect r--an be overcome wr.hh

sLr'l: {' icient par.rtlryr-clid hor-nione ([ì.ris;:, J.g'Z1la).

l: + tl¡e c.llcittm ma.[abgcirption anrJ irrcr-eaged lrr-i.nar-y calcj.r,.rrn

in cor-ticosteroid osteoporosis reslrlt "f:r-c:nr crn Íl-rcrease in

bone resor-pt i on '[herr the cal c j r-rm re] easerJ shor-r I cl sr-rppr-€-ãsg

paratttyroid hormone r-el.ease-.. On the cltlrer trancJ, i{ i.ncre.rsed

bone resorp'tion is the reslrlt of dec:reasecl j.ntest-inat calcit.rni

absorptioll alrcl itrcr-eaç;ed nrj.nary calcinrn eilcr-et! grr, tlren

serLtlri parathyr-oi d hnrinorie l evel s slror-rI rJ tre i rrcreaçed "

Parathyroid hormone secretion during corticosteroid therapy.
'l'trr-ri increasecl butre r€.rrc.clrF?ticln.far.rnd j.n çteruid clE,tÊ:cFrcir-ntsii;

iE rnedi¡rted by ¡=t.eccI¿rç;ts in t;he :;ÈrrnÉi w,ìy that it i.= in

lryper¡iar"athyroidi:;m. Alço, gllrcocnr-1--rcc¡rcjs: cJa rrnt cåL(sË t-.¡(frrÉ

Iosg in par-atl-ryroidectomiic=cJ animals (Jee et aI o J.g-/(-t). SL'rurrn

par-atlryroid hormt:rtç Level,s have been repnrtecj to be increaç;ç:d

cJltring sterc¡id therapy (Fr_tcÍ[:: et aI ,J.g7ij iL.r_r[,: ert et

aL r 1976l Hahn and Hahn 1!q-iioi Suzt_rlli et aJ. ,197.1;) and to f al I

af ter treatment of cr-rshinq's syndrorne (FindI ing et al ,1clB2)

or dutrirrg treatmr.nt n{ ster-oirJ c¡ster:F_ror-o:;j.=_ (Slr¡n[,:j. et

aI r L?tsf,) ' Ëor these reåsonç, ancj becalrge of the tendency of

corticosteroids to decreage bone resorptian in vitro (Nisbet

and Nordinrl9ó9¡hJong et aI ,197glCanalisrlgBì;1,:.orl:: or et

alr1c7t3f,) it rieerns rnor-e li[,:e]y that calciltm ma]absorption ¿rnd

increased utrinary calciurm år-e ctcìLr=€s of the increasecl bone

r-esorpt-ion tlran vice ver.lsà.
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25 hydroxycalciferol (25D).

-l hi = cornpoltnd j. s å r-rsef crl i nclex o{ t-he hody storers o{

vitamin D às it- is

I evel g våry wi del y

world, depending on

tfre major- cir-clrlatirig

wi thi n popurl ati orts

the

rnet.rbol i te. Norma1

and throurglrot-rt the

each

wi th

the

individnal. Overt

I evel g wel I bel ow

possibiJ.ity that

have an ef{ect on

ålnoLrnt of snnl Í qht

d i geaEe has bee¡rr

norrn¿rI

the norrnal

exposLrre o+

{ olrnd on I y

per:p I e bltt-those ohtained in

vari ati ons wi thi n

caI ci r-rm metabol i sm

bone

rånge coutl d

rlrI ed outt.lras not been

r:lvi ol i et aI ( 1ç6Ë) cI ai rned that ¡:r-edni soI one caltsecl an

increase in tl-re r-ate of dÍsappearånce of :lSD'Fr-otn the ¡:lasma,

wiLl-i ån increaçed ¿rppeÇqråncLå r¿d'te: o{ cl niclr-e polar inetabolite"

Ttiis clrange-. wËrs po='L.r-iIat;:d tc: cclLise à decrease in plasrna :.i5l]

and å sr-rbsequrent. {¿lI .1, Ln c-alcilrnr "abst;r-prti.cin. l:. lein r-'t a-L

(Ic)/'7) produrced eviderrce which tended to ELtpFort [-flr=

hypothesis, showing that patients on cortj.cog'leroj.d therapy

had I ower ISD I evel s than contr-r:l -- ( 43 nmol / I verË;us 64

nrnol/Irp':;().(l(jl) and h-tiat racliocalciurm absorption Håc,j

positively r-elate¡d to tlre î5ll IeveI (r=Cr-58rp''"(1 .(:)1). Ëlr-e.ssclt

et al (1979) agairr reported that i5D Ievels were Iower- in

corti costeroi d treated pati ents tlr.rn i n cc¡ntrol s (f,4+f, v€rr'ÉLtE

74+? nmul/l .lp',;r:¡.()5). Similar r-esltlts were reported by Se¡en¡an

et aI ( 19Bt¡) and Slovi l¡: êt aI ( 19EO) , wi th the di+f erences

between the groLrps bei ng jurst si gnÍ { i cant and rather srnal I .

However, Hahn et al (1977 ) f ortrrd norrnal ?5D I evel s i n 21

patientE. on Iong term cor-ticoster-oid therapy and fottnd that

the I evel cor-reI ated wi tlr the d i etary i trtcr[,: e of vi tami n D.

-l-tie sårne groLrp tJid report later (Hahri et al ,1979) tfiat

adrni n i strat i on of sr-rpraphy=i oI og i cal doses o{ 25D cot-rI d

19
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correct tl-re calcir-tm malabsorption fr:urnd irr corticosteroid
tre'ated p;r'l-ients, the r-atJiocalciLrflì absor-ptÍcrr i.ncrea:;irrc_¡ by

467. in 15 pat-ients (p.,;t).(:J(1 1). Similar r-t-.sr_tli._s r.¡ith vit*lmin D

ther-arpy lrave Ê\l t;tl [:een re¡:arted by canni gi a and Gennar-i

(197t), Hahn et al (lgBl) qave pr-ecJnisolone to l: norn¡aL

sr-rb je'cts f or- 14 day= and reported ncl chanqe in ?:jD arthor_rgh

there wåË å 3L.Z decrease in r.rrliocalcilrn absorption
( p.,; {r. (:)01 ) .

Fi icl:ers; et al (1ct8f ) . t.:l::¡i:iir*I-'.¡rli::l !-r{:;¡ i,i;i.rJli:i. í: :i.r::;rrii:. r::; li,...riiqi;i.:

in rSll Ievels af ter ó month's preclnisolone ther."rpy in 1r
patierlts bLtt Findlirig et al (lTBil) {:crlrnd normal :SD Ievels in
'/ patir-+nts. with cr-r=hinc¡'s syndr-onre arrcl the Ievelg drd not
cl'ial-r cJ e a"ljter- sLtccesç{{-rI tre-atmerrt c¡f tlre conditron, Simile.rly
Gennal-i et aI (199;I) çhowed tlrat cor-ti.cogte-r-oicle given fcr 1I

days cot-tlcl cäLt:;rl a cJecr"ease in radiclccì.l.ciurrn absorplion arrd å

ri se i n serL(rn parathyroi d hc¡rmone r ervel s wi th no change i n

seFL.tm t5D levelg, Yamada et al (lgB4) cnltrrJ {ind ":D Ie.vels
decreased onI y i n the qroLrp t:.f corti cogteroi tl treated
patientg cin the highest doges.

Given that 25D levels are, by ancr Iarge, à re{Iection of
slrnlight e)íposL(re it ig entirely possible that the lower
IeveIs for-tnd in corticosteroid tr.eated patients by some

anthor-s årË a reslrlt of severe illnesg, con{ining the patient
i ndoors. AI thor-rgh corti costeroi ds rnay lrasten the conver.si on

of 25D to inactive metaboliteg aE' do anticsnvulsants (Hahn et
alrl9zt;'1-oIl.man et aI ,J.grl.)t r-edltctions of tEDf within the
norrnal r-årlclE r à5 r-eportecl here have riot been shown to Ëç1Lrse

àny major change in calcilrm rnetabolisnr.

I
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1,25 dihydroxycalciferol (1,25D).

'lhis vi{:an¡in D met"rbolite is prodr-.rced by trydr-o:lylation o.f

r5D witl-rin the rr.:nal turblrle, lrntler- the irrflure¡nce o{

pårå[hyroi d horrnorìr]" I't i s t-he,' most potent vi tami n I)

metatrol i te [':nown , ber trg àpprLlx i m;rtel y one thours.rncl t i rnes rilcrre

active than I5D. It:; produrction is urrr cler negative {eedtracl,:

control ancl changes in this lror-morre have å great inf IL(ence on

calciutrn met¿rboI ism, I riSD =tirnurlates intestinal cal.ciurm

absorption (AvioI i i197iJ) and cål(Ees irrcreased bone r-esorptÍon

Ín vitro (Raj.s¡ et al ,1c]-/?b)" -l-hese 2 e"f{ects wilt tend to

lead to an incr-ease in the plasma calciurrn,
"l here isi ä sic;ni{icanL. cor-rerI¿r'tian bc.tween sLirLrm Ievelg of

1:.hi= l"lt:r-msne ¿¡nd radioËellciulrn absor'pti.cr: in marì (lÏo¡'-¡':is et

aJ,1c1Ë5) arid a doEe-relatetl res.For'ìc-1(i-5 o{ r-edii:c:rlc:-ulr.¡

at¡ssrntÍon çvhen lrt5D is gi.ven or-aI 1y (lr.le-ed ¡t a.l ,19E4.),

Serltm leveIs o{ 1riSD åre rrot altered acr.rtely dr-rring

steroid tlrerapy or on tre.rtnre=nt o{ Cr-rstrinq's synclrome (CrilIy

et aIr1981b:¡ Seerr¡an et al ,1?E}(jiF'indling et al ,1rtgi), altlrongl-r

there i s evi dence they rnäy f aL t .r{:ter I orrger per i ods o{

corti casteror d treatment (Yarnada et a1 ,, l9B4) . It haç beelr

reported that osteopor-otic patients on cortÍcosteraid therapy

h=rve Iower levels oÍ 1rî5D than simi larrly treatecl patients

who åre not osteoporotic (Nor-din et al ,19Ë4)" The failtrre tct

sltstain norrnal 1r25D level=- rnåy be one f actar predispoeinr¡ to

osteoporosi s , al tholrgh å pr i mary de'f ect i n ttle gurt respclnse

to 1rI5D i:; probably rnore in'rport.ant (l:.imbelrg r.t aI ,197ti l':. Iein

et aI ,1977¡,Cr- i I Iy et aI , 1978: Adanis et aI , lc7El l Slrurlti r l9B2) -

lr
I

t
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Other contributing factors.

Childrc'n (Lltdc'r'r Lç:i4¡Clrt-.sney Ét al r 19-/Ê) ancJ postmenopansal

'fetn.tl s:E (Rei fc.nstei n, l9iUi Ar-nol dsson, I 9li{fi llccc,n[,:Ê=ìy e{:

aJ. r 19ór) <1re ¡:ar-ti ccrl. arI y prüne tc cleveJ op gterr:i d

osteoporosis. I't rnåy be t.hat t-otal anclroqen de{iciency calrsed

by adrenal surppreeisj.orr j.s tlie r-eåEonr ås both these patient

grot-(pti clepend on tlreir adr-enal qlands aE the ç;ele soLrrce o{

ancjr-(lgt=ns. Ulder filen , howFver, år-e nL-)t irnmlrne (5avi1te ;:rrrl

l'.armoslr 11967', .

Al thor-rgh spi na1 f rac'tt-tt-eg hcrVF bee¡n re¡:r:r-ted to be r"r¡clr-c:

comrnofl i n postmenopalrsal. bhan l- n preflrenGpaersal

corti costeroi d-treated wcimen, si rni l ar r eclLrcti r:n.¡, i n

metacar-pa1 cortic¿r1 indeir have Lreen ¡-ç=ported fcr- e.rclr groLip

(Cri11y el aI (19ËJT)" I'lç:¿rs¿urreinents of cortical bcr¡eï i-rcþJe-ãver,

rnåy not be åppropriai:e for the.=tr-rrJy of Etc¡ro:.d clste.opEroÉ*ts'

whiclr primarily a{fects tr.rtrecltlar- bone.

Tlre deqree of bone loss has beerr relatercl to the dlrr-ation o{:

tlrerapy (Hah¡ ¿.t aI ,1ci74) br-rt crltsh f r-actLrreE rna.y útrcLrr irr

tlre f i r-st þJe€t!::s o{ therapy ( Eol. ancl and

HeadI ey, 195(-¡i Stei nbrtrc[::Lãr et al , 1951; Demarti nj. et

aI r 1Ç521Lr-rder r 1954) . Cri I ly et at ( 1984) f ournd that rnetacarpal

bone masË hrås a {rrnction ol: durration o{ therapy and doge o{

ster-ai d combi ned. DecJi ng eit aI ( 1,977) reported å negati ver

correlation betwe'en total body calciurn¡ and dose o{

cor {- i costeroi d .

Alternate day therapy

Sheagren et aI (Iq79)

steroid therapy in yoLrng

have reported tf-rat al ternate day

rabbi ts does not c:åLrse osteoporosi s

t_i-



Às dtres daÍ I y tlrerapy , blrt tìhesney et aI 19 /B ) showed that

alternate day steroid therapy in children bJrls stil1

ass(fciated with signi{jcant cstt-'opr:r-osj.s. [ìIt.rcl: et al (19U1)

foutnd simj. l.¿¡r de-'qree:; of ost-eopor-osis in iti patients oÍl daily

ster-oids and il5 patierrts on alternate day Eteroids arttJ

Ruregsegge.r et aI (l.ctB.J) {ollowed 1.1C) ¡:ati¿.r'ìts on alter-nate day

prednisorre therapy for {or one year, {inding å gt-tbstantial

åverage arrnnal Ir:gs ('.:,"57") i.n trabecurlar bone of the tibj.a"

Summary

l-tie report= discr-rssed above j.ndicat-er {:hat- fract-.rtres, årE

commonly {or-rnd in corti.costeroid treal-ecl pati.t:nts' and that

they åre äsÈ-oci¿rted primar-iIy wj.Lh recjltced arnolrnt:' o{

tr-abeclrl"rr- bone. l"he-.r'e is decr't=.;.rsed calciurrn absor-ption and

ilrcr-easerd lrr-irrary c¿qlcilrrn excretj.on dlrring çurch therapy ancl å

conseqlrent r-ise in par-atlryr-oid lrormo¡re leveIs whictr maintaj.ns

nc¡rrnaI ¡llasma calcir,.rrr levels at- bhe experìt;e o'f the sl:eletcn,,

T'he relative irnpor-tance of integtin¿rI calcirrm rnalatrsor¡:tÍan

and incre+ased utr-inar-y calcj. lrnr 1c¡r's hcaVB nst besn euaminecJ bt-tt

corr-ectiorr of either will Iower the ¡rar-athyroid hormone IeveI

and probably rednce the boner loss,
-[ here i s decreased new bone f clrmat i on clnr i ng cort i cos;teroi d

therapy and thi:' is a direct e{f ect, r^rh j.ch is dernonstrable j.n

vitro. Effective treatrnent for this abrrormality is yet to be

foltnd, altholrgh Reifensteirr sr-rqgested {orty yeårs ago tliat

anaboL i c steroi d therapy wautl d be usef url .

Aims o{ this study

1. To åsEess the separate e{{ects o{ calciurm malabsc¡rption

I -.I



ånd increased utrinary calciurrn Iogs on bone resorption dr-rring

corticosteroid therapy and to assess the effects of treatment

of caI c i urm mal absorpt i on i n these pat i entt;.

2. To conf i rrn that the bone f orrnat i on rate i s decreased

dltri rrg corf-i costeroi d therapy arrd to åsgesE whether c1n

anabolic steroid, nandrolone decanoate., cån correct this

abnormal i ty,

74
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THE EFFECTS OF CALCIUI.I HALABSORPTION

CALCIUII EXCRETION ON BONE RESORPTION

THERAPY.

AND INCREASED URINARY

DURING CORTICOSTEROID

J.t lì aç-' bpen cIa:i.rned {:fl¿rt bc:th cl ecrea,:ed inte:;tiri¿rI calciurm

aL:=crr-[rtion (l:.imbËrg et aJ.,19ô9tl':.rawittr].g7ilc¡-iIly c-t

a1r1!17ÊJ) allr-1 incr-easetj rt..tn;:I eiír:r-r¡tj.on of:calcinnr iÉ:)d.lnts et

alt19tì1¡f-iL.r:tt[li et aI,1'lt3,ii) cc¡ntrÍlrr-rte 1-s tlie inc¡'-i=asecj i-¡ule

rËçorpt:lan o{ ccrttcog.t-er-aicl--i¡tJr-rcecl osteu¡:or-LrË1:; tirrt 'L. lre,,

c'f'Fe-cts of the {ormer- l-wo var'Íabl.ss un bont-= rjesor-ption have

nct- l:een g'tr-rdied r;j.rr¡lrltaneolr=J.y in å groLrp af

ct:r-ti costeroi d.-trr:ated pat i errts.

lc st:r-rdy the ef{ects oi cc¡rticË¡=teraid ttier-apy orì calcit-rrr¡

metat¡olism it is important to L(se suritable controls, as

=everal of the var-iables rneasurred är-e ågE crrrcl :;e¡í clepende+nt,

Jtre pla=rna calciltm level ri,¡es at thi: menopalrse and hence the

utrinary calciltm extrretiorl r-i=eç; a1*-o, l-'r:strnencp;tlrsal wcìfilen

åÍ-e al so llnown to be rnore =ltscept i b l e to

corticosteroid-indr-rced asteoporosis, than prernenopaursal. Nomen.

For these reåsons , on I y po=tmenopaursal wclrnen have been

seJecterd {:c¡r' this st-crdy"

l"leasnrements o{ radiocalcilrnr

and fasting lrrirrary calcit.rcr,

¿rbsclrptí on ,

sod i um arrd

p1.r=ma caI ci r-.rm

hydrox yprr:1. i ne

-1É



e)ícret i on were måde i r¡ postmenopacrsal pati. ents on

prednisr:lone therapy and com¡:ar"ed witl-r the resurlts {or.tncl in å

groLtp o'f cI osel y age--matchecl norlnal. postrnenc:parlr::a.1. wolnÊrn.

flmonq tlre cortÍ coster-rri d--tr"eated pati ent-:;, Lhnss¿ wj th

osteropnt^of i c sp i nes wer-Ë compar-eil wi th tlrcge wi th normal

spines. Skirr{oItl thicl': ness cln the cJËrELrnr of the }ra¡rds w¿rs

ltsecJ åci ä rTreasLrre o{ the corticosteroicl ef{ect Ën colIågen

r;ynt.l-iesie (F'eck ert aIrlcl6TJt bEcaLrse ther-e ir; IittIe

surbcr-rt¿rnËoL(s { at i n th i. s si t.e.

I,IETHODS

St.thje:ct,s qavÉl their- inlor-med cclnEent ftrr the [)r'c]cecJ(-rr'€:s

per"fur-nie'cl in t-lris str-tdy whiclr wå:; åpËr"ovl:(J t¡y t-.he l'iesearc;h

F(e'view Ëornmit-tee r:f the ËoyaJ. Adel.aide Hospitá1.
'1"he series cÕrnpr-iges :5r) postmenopautsal wclmen ac-¡ed {r'sin 48

tcl 8() yeår-- tr-eated h¡ith pr-ednisolone- in doEeg reìnging fr-am 5

to f,(-¡ rnq/d arrd T(-¡ cl osel y age-rnatche-.d wor'nen re{errecj {or

irrvestigation {or osteoporosis but {or-rnd to have flclr-rrcrl =pine
radiograph= and no history of ¡:erl.ptreral +racturre. l"he

conditions for which predrrisolone uiere Frescribed år-e 1iç:ted

in table I 1.
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"Ngrrnal " s'pÍnes Osteopor-otic spínes

[]bstrncti ve
Ai rways
Di sease

VascLrlitis 4 .l;

Flheumatoi d t ':
Arthritis

Haemol yt i c 1. Ë
Di sease

Ec¡ema 1

Systemi. c 1

Lr-rpur=

ïüTAL 14 lcl

1'.d.\Ë'1.Ë t. t
Ë'rimar"y diagrroses o.f :i(i cor"ticos'beroirJ-.treated

po=tmenoprtLrscìI pat i ents.

Ëor-ticc¡s;ter',sid-tr-e¿rted patients r.JerE c,laEsi4: ie/d å-r

osteoporot i c i + =p i. n.rI rad i ogr aphs =hou¡ed one or mor-e crlrsh

fractureE (lc:ss' o"Í both ånterisr and pnsterÍor vertebr"al

height) or a wedge fracture (1os= of anterior vertebr-aI

heigttt only) tagetther ¡¡ith å histor-y o-f å peripheral {rac'turre

since the mencrpaLrse (Nc¡rdin et aI , J.975). -[trose whose =pÍrres
ç;hclwed no de{ormíty t:r- å wedge {r-actnre j.rr the absence of

peripheral fractlrre hrere classified as normal . Single

vertebral wedge f ractlrres åre of ten f ournd Í rr norn¡al

individuals and are, preslrrnably, the reslrlt oi previalrs

t r aluna .

F.RTJCËDURES

A standard protacol wåE f c¡I l owed. Sl': i nf oI d thi cl,: fiÊse wae
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rnËå5ur-ecl witl-r Harpenclen calipers at :l; sÍtes citrrclss the tracl,:

o{: eactr hand and the rneän value- calclrl¿rted. -the patiËlntç:

fastecJ ovËlr"rtrçtit, vordecl f;n wålitng, ¿:rntl tlien clr-¿lll,: ?5r-l rnI c.:.i

di:;tilled wàl-tr-. UrÍne wrÀE colle.cted lret.weien t)B(:)(:) arrcl l(j()(j

houtr-s., åppr-oxirrratl'Iy, ancl t¡Iuod at (-)g(j(j lronr-s. A{ter

colle-:ct-.ion ct{:t-he l.rrine, tlre patic+nts þJer-e given ån ural dose

oi 5 mcCi ilf a's[;..r in !ö rng o+ calc_j.urrn cårrier- (aç thar

clrlor-ide) in 2il(-, mI o{ distilled wrll-er, åncl blood was

cc¡llected e,'lactly orìe honr later.

FIasma r-.edioactivity wçìs' rneåEr_rrecJ rn å [:,ac!,:¿rrd ;li.JZS J.iqurid

scint:i.Ll.atj.r¡n coltnter. Ë'lasnra cal.cir-.rnr , creaLinine antl alhlrmj.n

w{lr€^¡ measLtt-ed by à .;eqL(Lrntial mltltiplr= arialyr:L5t-' ¡litlr cempul:er'

('fe'clinicc¡n Sl"lAL1 l: I), [.Jr-:i,rrary saciir..rm wå-.+ ine¿¿+r*urr-ed t]v

itr'n--sr'lective' elect-r-orje cln tl-te- EËËl:: rnån Éì:;tra, Ur itìår y calcir..rin

t¡JÈt:t rneasltr-ed by fl c-ç-.nt-r i. + urc-1aJ. anal. ysÊr' (t-:aL¡as L:li c.l-.[{r:c-he ) by

the method nf (-ìonnert¡r and Errigc¡s (1?óôi mr¡di.fir--d by

nionitor-irig tlre react j on bef ore and atter adcJi¡q EDIfì. LJr.in;rr.y

hydroxypr-oIine wås rrìEcf5lrr-ecl l¡y the metlrocl cli: trer-grnan ancl

L.r:rt l. r:y ( Ig-/{'t) .

TALÜULA-I- I ONS

F I asma cal ci lrm was correctecl

An aI br-rrni n concentrat i on of 44

(1. ö15 mmol o{

regression of

postmenopalrsal

cornmLrnication).

l- ast i ng

ex cret i ons

to what it wor-rId have-. beerr at

q/l ursing a coe{frcient of

o{ al butmi n (obtai ned {rorncal ci lrm Fer gm

plasrna ca.[citrm c:n plasrna alburrnin Ín 46-l nor-rnaI

wcrnt€¡n F'rofeËsor B.H.C. lrlorclrrr, personaJ.

ltrinary calcirrrn, sod i crm and hydr-or'r ypr-oI i rie

to creatinineclr-e e>í preËs,ed as ttre moI ar- rat i os

-¡.ÈJ-



conc:Entration (Ca/Cr, Na./Cr- arrd OHf-'r/ür) which reÍr-esent the-

FXcrEtÍon ratÊs relative to le.en body rncrEs and avord bladcie+r'

ernç:tyinq eir-ror':;. Tlru. {l¿i/[]r-, c: or-rectÊlcl tor urr-inar-y sc:cl innr ,

l-c¿i,/cr(l!¿r corr)-l Hcrr; alst: (:aIcLrlabed, t-rsinq å coefi:Ícrent o+

(-r'.{i1 rnmol. o{ c-aIcj.r'un per- mrnol o{ sodiurn (tìourlilingrlçËltNeed

et al,r1?LJStr). -l he tutbutlar nraxima {or calcinm ancl phosphate

re.r,Lrsor-pt i on ( TmCa, -['mF ) were caI cltl ated Etri clescr i bed

t:"lseu.rhere(l'1arshaI1 r.rt aI ,.1 97ÈiNeerd et aJ.rlç83b)" 'l he T.niCa,

corrected Ëor sodinm e-'r'lcr-etian l--t'mta(Na corr') I was al.go

cal cutl ated a:; ¡:r"ev:i or-rsl y degcri be,d (Need et al , 19,ËlSr:).

'T'he pI asma r¿rdi oac Li vi t¡z ( {:racti on n{ 4ercå close pçrr I i trc:

a{ pJ.asma) þJa= rnurtipliecl by rlj?. of body weighi- to .yi.æl.rl the

fr-ac'[-iori o+: l-lre rlc-rsr,: rj,r'curI¿rtinq at t hot-rr- and the haltrlSi

{:ractinr¡al absi:rptian (o< ) (l"l¿rr-slrall ancl lrlr:rdrrr ,1TÊl) wctc r-eaiJ

n{f cr calii:r'at:isri ËLuvL5 il-J"r.r'.t_lr_=y et al ,J.gtj;l).

[Jt'cattse r:aIcÍr-rrr absorption has à ¡:lositrve ef.{:ect orr calc: il,rm

balance å[-rd ltrinary c¿rlcir-tn¡ å negative e{{ert, ttre cJi++elrËnce

betwëen 'tlrese two apposi nq var i ab I es pr-ovr des À gurrn¡rrat i on o'f

their- e{fe-.ct-s. hle have ther-e.fure gr-rbtracted the ca./cr {.rorn

the lror-tr"1y fractic¡naI ab=orption o.f radiocalcilrm to provi.de a

single incle¡l of {::he e{{ect of these two var-iables orl c¿rlcilrrn

baI ance.

5TÉ\]'IST' ICÉ\L ANAL.YSI 5

Di{:+Frer-lces between rneåns {or the norrnal control.s and

corticoster-oid-treated patients were testerl +or st¿rtistical

t:i qni {: r cåntre by Stlrdent 's t- te.-t {or pai red data and the

corticosteroid-treratecl patients with osteopc.rr-atic spi.ners were

contpared wi{:h those with "t-ìclr-rnaI " spines by fìtr_tdent's t teet

-L -f



f or utnp.ri red data.

RESULTS

Comtrarisc¡n o{ ccrl:icoster-oid-treated patientE wi Ltl

aqe-rnatched contr-ul s.

T'trc. rnçJcìil valures oi the rneåsured var-iable:' i.n the patients

äre compared wi th those i n the normal posL-.me nopautgal women i n

tables:!,3 and ?,.j: . T'he c:orticoster-airJ--'tr-ea{:ed patientE cåË å

whol.e had Iower plasrna albnrnin (p',::t).()ü1.), Na/Cr- (p''.t-r.t-tS) and

r¡['; iniold thicl:r F,lETES (p',i().(JI) 'l-hari l:he rr(]rnial ct]nt.r-oIç Lrltt

t-lrere þrå*q ncl si.grrif ican'h di.++er-Ër-lcÊ hetween them in hc-ight or-

l¡l'tti¡tr i::: t::iiii¡::iai'nrr:1 r..J:i. t-f'ì 1,: hri;l (:: {::¡rr1,.r-i:t.1.:ii;,,

' Hclwc+ver, wlren tht+ r-rrj.ntrry calciltni w{åË cclr-l-L=Çtqrd

{ar r+ocl j.r-rrn" j I wi*s signii:icant]y higher- in t-l-ie patients t:harr

i n the ccntr-ol ç, (p.iti. t-)5) ¡ år-rd sí mi I ar-1 y when l-müa rdaË

corrected lor sod:iLrrn EXcretion it wåE lower in the patient-s

ttran in ttre controls, althocrgtr tlris di{+er-ence wås not

signiJ: icant" 1"hel plersma phosphate concentration and TmF' N€:re

Iower in tlre cor-ticoster-oid-treatecl ¡:ati errts than i ri tlre

controJ. s, bnt the di ++erenc€ls wlire not stati sti cal. l y

signi{icant. 'T'he rneån &. - Ca/iir inde¡r was lower in the

patientE tharr tlre contrc.ils, br-rt thiç also did nat qltite rç:ach

signÍficarrce,

- :j: (:) -



NORMAL

CONTROLS

CORTI COSTEROID-TREATED PAlI ENTS

All ItNormalrt

SplnesVarlable

Number

Age (yr)
Years slnce menoPause

CurrenÈ dose of
prednisolone (mg/d)

DuraÈlon of Eherapy (Yr)

Wetghc (Kg)

Helghc (cm)

Sklnfold Èhlckness (mm)

P P

ns

ns

ns

ns
< 0.05
< 0.01
ns

Os teoporoÈ 1c

Spines

16

63 (2)

16 (2)

12(1)

6(1)
60(2)

155(1)
1.7 (0.1)*

30

62 (rl
14(2)

nt1

ntl
63 (2)

159(1)
2.0 (0. 1 )

ns

ns

ns

ns

< .01

30

63 (1)

16 (2)

13 ( 1)

6(1)
64 (2)

158(1)
1.7(0.1)

74

62 (L)

16 (3 )

14(1)

6(1)
69(2)

L62(1)
1.7(0.1)*

I

;
I

Stgntflcance of dtfference from conÈrols
*p<0.05

TABLE 2.2

comparison of clfnlcal varlables (+sE) tn normal postmenopausal subJecÈs and cortlcosÈerold

treaCed üromen wlÈh "normaltr and osÈeoPoroÈlc spines.



NORMAL

CONTROLS

30

44(0.s)
0,74(0.04)
2.40(0.01)

1.05(0.02)
0.08 ( 0. 003 )

0.26 (0.03 )

14.5 (1.3)
0.12 ( 0.03 )

2.03 (0.03 )

2.30(0.03)
1.14(0.04)
0. 020 ( 0.001 )

0.48 ( 0. 05 )

PP

CORTICOSTEROID-TREATED PATTENTS

All ttNorma l "
Splnes

30

47(0.7 )

0. 64 ( 0.06 )

2.43 (0.01 )

r.02 ( 0.02 )

0.08 ( 0.003 )

0.34 (0.04 )

10.0(1.8)
0 .24 (0.04 )

2.03 (0.04 )

2.22 (0.04 )

1. 10 ( 0.05 )

0.023 ( 0.002 )

0.29 (0.09 )

r4
42(0,7 )*

0. 85 ( 0.05 )

2.4L(0.01)

1 .01 ( 0.02 )

0.09(0.003)
0 .25 ( 0.03 )

9..2 (1.0)
0. 16 ( 0.03 )

2.06 ( 0.03 )

2.25 ( 0.04 )

1.10(0.05)
0.016(0.001)
0.62 (0.07)

Os ÈeoporoÈ I c

Spines

16

4t(0.7)+
0.4s(0.05)+
2.45(0.02)*

ns

< .001

ns

ns

<. 05

<.05

ns

< 0.05
ns

ns

ns
< 0.001
< 0.0001

Varl abl e

Number

Plasma albumin {glL)
' tCa absorpÈion (fx/hr)
Plasma correcced

calcium ( mmol /l )

Plasrna phosphaÈe (mmol/1)

Plasma creaÈfnfne (mmol/1 )

Urinary Ca/Cr
Urlnary Na/Cr
Urinary Ca/Cr (Na corr)
TmCa (rnmol / f GF )

TmCa (Na corr) (mmol/1GF)

TmP(mmol/lcF)

Urlnary OHPr/Cr
a-Ca/Cr index

<.001

ns

ns

ns

ns

ns

<. 05

<.05
ns

ns

ns

ns

ns

1.03 ( 0.02 )

0. 07 ( 0.003 )

0.43 ( 0.05 )

10.8 (L.2)
0.32(0.04)1
2.00(0.04)
2.20 ( 0.04 )

1.11(0.05)
0.029(0.002)
o.o1 (0.10)1

I

t ._,

I

Slgntflcance of dlfference from controls
*p< 0.05 t p.0. 01 1p.0. OOf

TABLE 2.3

Comparison of measured variables (rnean*SE) in normal postmenopausal subjects and long-term corticosteroid
treäted patients with 'normal' and ostãoporotic spines .



SKINFOLD
THICKNESS (mm)

PLASMA
ALBUMTN (s/L)

o

o
a

o o
O

r

-
o
to

o
aa

p< o.ool

CìOÎ{TROL STEROID
TREATED

o

o

p< o'ol

coÌ{TRoL STEROID
TREATED

Fi gurre î. 1.

comparison of sl,.in{old thicl:nessr or-r the dorslrm of the hands,

and plasma albr-tmin valltes between f,(:) postrnenopausal women on

prednisolone therapy and :IC) closely age-matched controls.



1'5 ouc" 
Absorption CalCr OHPrf Cr

O

o

o
a

.06

1.0

0.5

t.
O
o

a

o
a

t.'.
aoa

1.0

0.5

o'04o

to
a

ao

Fr<o'oo1

o

O

ta

oa
o
o
t

o

oaao
a
aa

I
o

t..
t'

a

a
I

I

I.;

.o2

t¡t
o

NN

.0.O5 o
O
a

N OP

o
p <0.001

OP OP

Fi. gure 2,2.

cornpari son of holrrl y f racti onal radi ocal ci um absorpti. on and

fasting urinary calcium./creatinine and

hydro>:yproI ine./creatinine ratios in f,(:) postmenopalrsal women

on prednisolone therapy,

N = norrnal spine, OF = osteoporotrc spine.
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.06

.05

.04

.03

.02

o1

oHPr fCr
o

a

oo a

a

a

a
o

o

a

a

a

a o o
o o

o
o

a
a o

o o
o

o o
a

- 1.O -05 o o-5 1.5

< - QafCr

Fi gurre 2, f,.

Regression of fasting urinary hydroxyproline/creatinine ratio

on the dÍf+erence between hourly fractional radiocalcium

absorption (r) and fasting urrinary calcicrm/creatinine ratio

in f,O postmenc:paLrsål wornen on prednisolone therapy.

t = osteoporotic spine.

O = normal spine.
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Contnar-igon o{ "normå1 " and eç;te:cr:c¡r-otic

corti csster"oi d-{:r-eatecl Ëå.åÉg.

-l lrr-- lneaglrr-ed var i ab I es Í n the ntrrFrná1 arrd o:lteoporot i c:

qr-oL(pË ç1r€: ccrrrìpar-e-.d in tal,:Ie il.:;1. 'l'he ostenporotic cçtsteE werFf

Irot siqni{icarr'[1y older (there wås c{ crnË year di++erence in

ilteån åge only) Llurt they Hf:rÊt si.qni{icarrtly sharter (p',;t-r.t-r1)

alrd l i ghter ( p 'i t). t-15 ) . 'The¡e" hlås ,t ':lt.

Tro, signif ican'L di+{er-ence in sl,: infold thicl,:rtess betwer.n the

two qroLrpE" Calciltm absorp{:Íori and pJ.asrner creatirij.ne were

signif icantly lower ir¡ ttre osteapar-otic tlran tlre nor-murI groLtp

(p',.: (-,.(l(-i1 ¿rnrJ ':.t-l .ö5 renpec'LrveIy) arrd Cazl;r' arrd Ül-lF'r'rl,;r r,¡te!'-e=

highei- (p',::(j.()5 and ,:.(:).(:)()l r-espt'icl::ivel.y) (fi,-qurre J,li" iiå./L-:i',

wherr corr"ecl:ed j: c¡r tl¡e¡ lrrinary socl irtrtr, wåt; ,rlst: El.grìj.'li{:årìt1)*

higher' (p;::(i.()5) rn tþe ogte'gpor-ot¡.t-: t:tran t¡e trcl-rnai E-Flne

groLrF. F'Iasrn.: r--a,l,r::i r,rnr þi.ã1;l hi.qher and TinËa þlcåçi lc'userr- jn the

osteoporoti c than tlre nur-rnaI Ër'ËLrF br-rt thÍ s r/.J,ìr1 not

--tatistÍc;*IIy E,ictnif icant ;¡rld l'he c( - Ca¿Ër inde:r w;is lrrghly

significarrtly lower in the osl-+=oporatic grclLrp than in the

grclLtp wj'bf-r nornlal spi rres (¡:',it). (l{JC}1 ) "

When ül-lF'r/Cr wÀE regressed on tlre oZ '- C,t/Xr inde-.x j.n the¡

whol e car t i ces;teroi d-'t-reated grGLrp , tlre correl at i an

coef{icient wås -C).5ö (pr"Çr.¡1¡ arrcl the eqlration wås' üH[:'rlCr =

(:).C)27 - (1.(:)11¡r (o(- Ca/Cr ) ({iglrre î.f,),

DISCUSSION

Ttre sit¡nif icant cli {+€lrences bet-.wt¿ç:n tl-te- norfilål

postmerropaltsal womerl ancl tlre cortico=teroicJ-tr-eatecl patients

ås a whol e àre i n respect o{ =-l': i ni:oI d thi cl:ne=ç, Fl åEft-rcr

_-a' L _



albr-rmirro'fasEing ltrinary E.odilrm ¿rncl the sodiL(rn--corr-ecte"d

'Ëasti. ng r-rr-i nar-y cal c¡. r.tm.

l'he tlrirrr¡ e*r sl,: i ri ol: the cor'[-Ícustr"roid-treal-e=cl caseE

præsrtmab I y ref I L.ct:; tlie clecreased col I åcJÊrn syrrthesi s

åcrsociat-ed witlr c-or-ticostersid ttrer-a¡iy (fJliep¡:ar"d and

f"leema ,, L966 i l-'ec k e{: aI , 19ó7; Ui tto el- al , 1?'Zil I Dytre-- and

lvlår'h:t: 1 Iç'/'7¡HåIl. 1'lc)'i'7iCarralisr lç85) . -lheir- It:Wer" plasma

alburmin rnåy simply be å resnlt o'f tlre åssociated disea=es {or

wtrrctr ttrey wÊt-e be+ing tr-s¿rted. -l fie Iower- {astÍng ltrinar-y

sorji urm tïä'y" hti: ,f or- l-uti tourg br-rt i s i rnportant becaltse i t

obscctr-es tl-¡e r-eaI di f +erencE in i: asting lrrinary calciltm

be{:ure-.en the two gr-BLrpE, The r-rnc;orrec:1:ecl lrr-i.nary cal.ciltrn i=

higher- i.rr the cnrticcst-er-t:icl-'tr-eated pat-ients t-l¡"ei't j.n t-he

controls br-rt t-lre sjqnificånce of tliiE; di{+er-enËe only ËrnerçÊ=

when Llte ltrj.n"ery caIc.:ir-.rrn t(5 cor'r'e¡c'Led *c¡r godiltrn e;.rc:r'ei:içrn çri

t-he baEis of tlre wt=.tI dor-r..rnrented relatj.onçhip'between Ltrrr-lary

c¿rIcjt-.ttn at¡cl =c¡dinri ({ìouldinqrl9t3LlNeed e'[ al ,19tj5b). De=pite

the di f{erencË: i n üa/ür- between the r-ontr-ol s and the

cr:r t i costeroi. d- treated

di ++er-ent between these

=1ightly higlrer rn the

the corrtrol s. |lcwever ,

pat i ents , 'l-he ineån -l mCa r g

groLrps; becaltse thr. pl asrna c.cl cÍ Ltm

cclrt i ct-rsteroi d*tr-eated ËtrlseË than

a{ ter- correct i on

1g

tn

f clr sodiutrn e:rcretion,

fîltilrrfl l'rr¡i..;a i::i tä¡ 1.. tnrtä,rt'i.it t 'l:, I i ti;t 
,

not

theref ore

I east ,

partly by

slightly

in TrnF in

i ncreaeed

[:.irtäll'"+: :i. ii:i t ìt::] i;:i:i. illi i. .i: i i::: ,iiii [: cJ:i. .{:,i:: t*r'(;ä.t i(:..i.* :i Ii

r,:: r::¡ l' t: i. r:: {i:¡ 1* t: *.+ r" i::¡ i. i:i [:: r- r::l ¿ 1: r,i r;l r-j t* (i l..l F ;:rr i il i:: l-i r+ i:::t:--,ri'l:: r' t:;.1.,riii,, Ne

conclr-rde that, j.n postmenr:patrsal þJomen at

corticasteroid therapy may Íncrease urrinåry cralciltm

rç,.dt-tci¡rg tltbr-rl ar r-eabs,orptiorr ¿rnd perr-tl y t-hroutqlt rå

raised plasrna calciurm.'the ncln--ej.gnÍ{j.cant decrease

the rortj.ct:gteroid-treated çlreLrp may be å resutl{: af

-ai 
-, 
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pÀr-åtfryroid hclrmr:rrc¡ r:ecr-etron (/lnderscirr and l-'o:;t_Ë:rr1ç5?),

aJ.thor-rçlr it r-ernaj.nE; ¡:assible that this is a dirr:ct- ef{ect o.f

ccir-'ti casterçi ds. åË j. t has Lleg:rr r-epcrteci 'b.o Í)ccL(r- i rr

parathyl-oidect-.orn.ised rats (Larorl nt aJ.,, 19'J"/)" T'lrrcre is ¿rIso

¿{n i. ncreasr. i n Lrr- r nåry liydro;.r yprol i ne i n the

cor t i coster-oi cl--tre¿rted gr-LlL(p wh i ctr , tl-rot-rglr riot stat i st i. c.e.L l y

sigñi{ii:antr [.ititiÍ;iitiii.li. l::il.,,. r-epre-t;erltt; å r-ea]. incrE¿tse in bone

res.orption (liir-ivi[:: 1,:o et aI ,J,9'7()ìNordin e.t_ aIrJ,g76), ilre

importånce of whicli is enhanced by 'Lhe stronq pr-cbabrlity

that bone forrnation r-ate is redcrced in 'thes,e ccìsÉlË (Jowsey

and Ëi iggslLq'/.-tqËtressot et a1 ,J.?"/cl). In vir=w af the weIl l,t Ft or4t-t

riEe in ltr-inary hyclr-n:ly¡rr-nIi.rre and bc¡ne re.¡nr-ption at the

fnenciFctl.ls€t (Crit.l,y et aI ,11'7ç)? i'L i:-r'Lernptinq tc.¡ rjr.rclcte--t- i:lr;ll-

sutppr-eesi ot"t of adrenal. .rncJr Liger'ìE by cor-tj. coçtelroi d therapy,
arid't: hE-: rËl-iLt1't¿rrit i:itr"l-lier- r-etllrction rn tåEr-Lurr ne=tr-c:geri s

(üri I I y et aI , 19/rla) al t:cr con{-r' j. blrtes to the 'i ncreåslr'd bone

rLrsclr pt j. on i rr pn='t--rnenclFj¿,tuts,;:rl wiirl'ret'l clrr corti coster-oi ds.

HowL=verr cotnpÀri:ion of the norrn¿ìI ancl osteopol-crtic slrbset=

in tlie cur-ticasteroid-'treaL.ed groLtp slrows tlrat tlri*- apparent

Írt creaEe in bcrne re=or-ption is entir-eIy confined to the

osteaporst j. c casLrË (seer [:el clw) .

-l'he significant ditfer-+".nces between the "norrnal" Ànd

osteoparotic cor-ticsstr.roid-treated qr-oL(Éis år'e j.n re=per:t oi

weiqlrto heiglttn radiocalciurn¡ absorptinn ancJ plasma creatinÍne
(aI I of which årÊ lawer in the osteoporotics) ancJ {asting

utrinary calcinm and hydro>ryprel i.ne (which are higher in ilre

osteoporoti cs) , l¡Je have nc¡ er.lpl anatj. on 'ho cr{:{er {or the

di+feÍ-Êrrlce in weight betwe.err these two çlr-oLrps burt presLrme

1--hat t-lie di+{erEIlcËi in heiqlrt is dr".re 'Lo vertebral coltpressiorr

_.JÊ_



irr the ostr+oporc¡t-ic- Ë:åEes (Nor-din et a.L,1ç]'/F)). l'he c-ctt-(Ëe oi

t-he calciurm rnal abEorptJr:n :i:: not rlear-. It- j.s utnlil,:L'Iy tlrat

i L r-ef Ier:t.s prinrar-j. ly .å def iciency t::¡'{: 1 r:i:I¡D bËç:at-(ç-"Ê :;er-Ltrll

.te.ve:l.s o{ l-hrg hol'rnc:ne arË LlÊnÉlrally flclt-rtìeìl in t::or-ti.costeroicl

patierits(Crl.I J.y et al, 1Ç81aiËìeernan t:t ;tl, 1Ç{J(r¡f:j.ndIi rlq et

a1 ,1ïUl). /ånimaI sL.r-tdies sr.rgges{: either- å po=t-'relceptor

abnnrmal.Íty(l3trr-tl{:r et aI ,1çt3î) or a decreas'e j.n 1rl5D

receptors ( Hi rst and F eI dman r l9t3:l:) . Yantacla et aI ( 1çt35 ) have

alse report-ed, in atrçtract {c¡rm, that I rl5Ü levelE may f al I

r+ith tj.me i.n J.ong t-errn cor-ticosteroid-treated patients.

[¡ll-r..-.rtever ttre cåL(EË rnåy be.l it i:; prubab.l e that the c¿rlci. ltrn

rn*¡Ial:sor-ption in the ostec,pcir-otic cJroL(F j.s ¿:\ sj.qni {ica.nt

f:actcr. j.n {:he pa'll-ragene*j.= s{ {:he ost-r-'i-rpor.u=iso iLt*l- c1!i r L t*-

in tl'le patl-rngenesj.s c¡{ l-rther {orrn:¿ o'i oete-'cpcrr'ü!:-,j.'*,, This

interpre[.+tion iE str-nnc-1 1y E.LIFFnr-teid by 1:he ä:"{' tì eË'r- oi

crìIÈitriol. tlrerapy on lrrinar-y trydruxy¡rroIine e;rcrel-ion whÍch

the altt-hor .+nd ottiers have re¡iur"LerJ j. ri ¡rostrnenoç:altsal

osteoporosi Ë (l'leecl et aI r 19B5¿rì llaas et a1 , 1?7cl) and ¡¡hich GL(r

groLrp has observr:ci in cor-ticosteroid'-indurced ci=t-ec'pot-orri--

(see clrapter- 4.).

l-lawe-.ver-, it is clear the hi.qh bone r-esorpt-ion rn ttie

osteoporotic ilrc:Lrp is rrot- merely å resutl.t of calciutm

malabsc¡rption. -fhe increase in {asting urrin.tr-y hydr-oxyprulÍne

aI so Èappears to be å re:;ponse to thei r i ncreased utr i nary

calcilrm excretion,ì-his increaged lrrinary calciutnr loss is

proLrabIy', ås aIready indicated., rnairrLy dne to redt-rced trtbt-tIar-

reabsorptiorr o{ calcirtm whict-r¡ Ii[,: e the calcittm

mal absorpti on, i s I i kel y to be a di rect e{f ec.t- o'f

corti co=teroi ds on caI ci urm tr-ansport (t¡li ndhager et aI , J,(7Ë1 ) .

-;iç-



l..leverthel ess it it; trure that there iç al.so å very smal l

increase j.n plasma cal.ciltrn in 1-l're r:ste+o¡:or-cltj.c çJroL(p arrd i.1':

is not passible a{: tfre ¡:resent staqe ta ç.r!:1:ablÍslr whiclr o{

thr:se factor-s j.s resporrsitrle {:r:r the lrrinary cal.ciurrn l.c¡ss"

'ì-helrei is ¿r1.-io ¿:{ Iowe:r' pJ.asma c:reatinirre irr t:ttrrgei

cor-ticoster-oj.cl-treatecl p.etients witlr osteoporntÍc spines th,rrì

in tltnse-. with nc-rr-rnal spinels and this i.s iriterpreted ås å

r-esltlt c¡f corticoriteroicl--j.ndlrced increase in the qlnrnerular

{i.ltrati.on r-ate (I-1ayl. is arrd Ëtrenner- ï 1.97U) "

In the alrtl-rcrr's an"rlysis, dnration of therapy dÍd not

di f {:e.r bu-tween the cäse:; wi th and wi thnurt osteopor-oE,i,E. A

f i.nite time rnr-rst cIe-'arIy Êrlapr=e,

can cl*:.reIrrp" lr.rhe.-'cr-tlar bolre los=

however , L:ei ore o-.;teoporLrsi s,

cårì crcçLri- dlrr-ing'[:f-r e {irsL

á mcnllrs of

{-lre -=er-Í es

o{: å y€rår-s.

ttrerapy(Ricl,:er^s; e't alrlctBî), b¡r-rt the ¡:.eti.ernt-s in

r-e¡:orted l-rË3FE i-racJ [:een t.r'eated far a merån ¡:ierj.c'cJ

Forearrn bone rnåss tl .rË beerr reportecl to decrease

thL"r-apy (Hahn.'1978)

l¡orre wtrich mlrst have À

{urtl-rer a{ter the {j.rst thr-ee yeår:; c{

br-tt thi s

=1 ower

prGcess

rneasLrrement inclurdes cortical

Cri.l I y et al ( 198f,) reported

cort i c.rI bone was reI at_ed t o

resporì!;e than tr-abecnl ar bcne

becaurse of i ts srnal l er sctrf ace

to åny- resarp'h" i ve

år-Fé{¿/ vol ltme r at i o,

I og:: o{ metacarp al

of the doge ancl

that

thr=

tlie

procl r-rc t

durration of corticosterord treatrne,.nt.

It is conclurded that corticosteroid therapy tends to redltce

inteEtinal absorption and renal tlrlrlrlar reabsorption of

calcÍltm and that thi:¿ combination of effects l,eads to an

irrcrease Ín bane resorption to mairrtain 1:hr- plasma calcir.rrn.

This j.s reflected in ån incr-easer j.n the utrinary

hydro:ryproline. l.his pr-obatily euplaj.ns wlly the, di+{€rr-ence
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between ù( ånd Ca/Cr yJ.i:lds åfl ernpirical. inclex wlr:ich

di scri mr nateg rnor-e Lret-.ween osteopr:rr:t-. i c and rron'-osteroporoti c

pati.entç orì cortrc.os,ter-c¡j,rJ tlr erapy tlrar-r ¿cÍttir.jr- var-iabl.r=

alt:tre. The o(.- tla/Cr- inde:t c.c¡r-rltJ ¡rrobabJ.y be r-rged to e:;1--imatte

tlre r-Íg[,: o"f osL,eopor-c:sis i.n patientg orl cor-f-iccrr:;Eeroi.d= arrd

is Iil,: ely to be rnore lrsefurl than the rrrinary hydraxypr-oIinar,

al ttrocrgfi tii gfrl y ccrrr:Ë?I ated wi th i t. Ttrurg t-he artthor- agrËeE

with Lìaylinl: (19[];l;) that the cornbination o{: low calcirtm

.rbscrpt i on and tr i gtr cal c i urm erx cret- i on prodrtced by

corti.costeroj.d therapy is å rnajor riE,[,: factor for"

osteopor asi. s br-rt does not ç1gr€re that absorpt i r:ri j. s Ëc)

di+ficlrlt to rneas.L(r-e åË, to tre r,.rnsurih.ahl.e {:clr clinical L.(se"

I+ thc- aL¡crve

i n pati entç

osteo¡.roro=-Í ç;

recJt-rce lrrinar-y calci.nm. []aIcrt-rioL tlrerapy cdn

cnnc:ep1:t' åf- e r¡aI i rJ , 'h,he ;ípFr"apr- i ate treatnrsnt-

Elrcrwn to Lle .1t r-isl': o{ carticogterord

wcll.tld Lie i:o ÍncrLråse r-:alcÍr-.rnr ab =.or p'{- i on

be nsed

çl r-

ta

irrcreese calcilrrn absorption,, i.f j.t i=, Iow,(l:. l.eirr et al-, Ir?-/-/)

and À l.ot^¡ sodiurn di.et, with or wittrout a thia¡ide dinrr.tic;

cå11 l-edltce ltrirrary calciurm (Ser¿url': i et- al ,1c/tJ.I). A combination

of v j. tamÍ n D and thi ar i de thera¡:y, however , has the potenti aI

to prodltce hypercalcaemia (Condon et aI,1978) and it mngt be

emphasi. zed tlrat thi s type of ttrerapy cor-tl d onI y be expected

to rednce bone re=orp'ti on ¡ i t wi I l do rrothi ng to i ncreaç;e

bone {ormation.
-l-he malabsorption of calcírrm in corticostersid-treated

patient-s is str-rdied fnrther in thr= next- chapter.

*

,l+
ru

:
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T]IIAI-,-TËR THÍIËE

SERUI',| I,2S-DTHYDROXYCALCTFEROL LEVELS AND THE CONTROL OF

CALCIUI.I ABSORPTION DURIN6 CORTICOSTEROID THERAPY.

'l-he ahsorpti on o{ di etary cal cÍ lrm haç bFJlh actj. ve and

passj.ve (dif+r-rsir:n) camponent=, wi.ttr the fnr-rner- treinç nnderr

the cr:ritrol af 1r25D (l'lorr-:ir: et aJ.,J.çLlfj) - A{ter injerctiori o{

1 aI ph;r-hydro>l ycaÌ. c j. f er-aI i rr rstç,, the ¿rct i v¿: meltahsl r tæ,

Ir)iSD lr:calires rnainly in the Lrfr[]er'=rnalI bowet (talalIing L-t

al r J.9-/4) atrd this is the si.tt-- o'f ttre rnailimum rate ot calcilrrn

absorpt:i mn jn rnårl (Wensel e.t aJ.r1L]É ?) and other- ËFEc1€38

(1..i mbe+rg et- al. , 1961 ì Avi ol i , 197I) .

AIthot-tgtr a redltction in net absortled calcierm courld be rr

result of decrea=ed active absorpl-ion, decreased paesive

absorpt i. on or i ncreased endogenons cal c i r-tm e:.1 cret i on j. t i g

the earl y, acti vu. phase of cal ci urrn absorpti nn , as cJescri bed

irr chap'l-er ?, wlrich can be impaired durrirrq corticoster-oid

therapy and th j. s i mpai rment i s rel.cted to the pre:;ence of

osteoporosis. TÌlis de{ect also probabty leads to impaired

reabsorption ef digestive jurice calcium, which is normally

857. abst¡rLred(Aviolirlcl-/?) | thr-rE produrcing å fr.rrther- tendency

to neqativ¿- calcilrrn bal.ance.

The ma.[absorption of calcir-rm dlrring corticoster-oid therapy

lra= been attribr-rted to àn impairetl response to 1r:l5D at the

I

:'|
_,t!
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gLtt rnL(casðl l.eveI (l',iinrherg et aIoJ.cl'lltshlrlt;¿ el- aI ,1?821 ;llirst

and l:eldnianrlçF:l;J). Hr-rwÊvc.r, another- s'tLrdy(Yaarada et aI ,1./84)

sutggests ttlat, with the pslssäÇe o{ tirne, blood Ievels o-{:

1ri:5D decr-ease iri pat:ients maintained Gn cor-ticosterords, ctrrd

it has also beeln repclrtÊd t-hat tlrosie corticosteroid*treated

pat i ents who lrave ostecrpt:roEÍ ç; have I ower I evel s o{ 1 , lSD

than {:hose with norrnal spines (Nordin ert aI ,19El4).

In tliis str-rdy the relationg; between radiocalcj.urm absorptiorr

and serLrm 1r:l5D levels lr¿ve Lreen e>lamined :in

corticost:eroj.d-tre¿rted patielrt-s wrtlr arrd witÌ-ror-rt osteoporns,i=

to fltrther- invegl:ic¡ate t-he caLrs€t of t-he.. calciurm malabsorption

ín the fnrme¡' grctL(p,

Ì'IETHODS

This str-rdy e:tarnined :f9 pati.ent= (meal-r åge IB+1, yEårE) on

long term prednisolone t-herapy witl-r rneån cJuration c¡f tlrerapy

7+L yÊårs and meen currrent- dose of steroid l7+f, nqid. There

F¡er-e 1: rn.lles and 77 females. Nsne of the- patients Håç;

receiving therapy {ar osteopor-s=is or had evidence of renal

di.sease or osteomal.acia" Fatients were classi{ied ås'

osteaporotic if they had rnore tharr Gn€j uledged vertebra or one

Gr rnore crushed vertetrrae.

CaI ci nnr absorpti. on wcÌs measLrred sts descri bed i n chapter -¿ I

utsing asCa and a srnall carrier- dose o+ calciurrn (llt-¡rnç) r to

meåEL(re tht= eerrly (actjve) {:ransport of calcilrm i.nto thc:

blood stream,

1.??5D wrls rneasctred., a{:ter separation fronr ottrer vitamin Il
I

I

,li
ru

,l
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metat¡olites ursing tJFLti, by radioirnrnnnoar->say (-layTor et

aI ,19Ll()) "

Di + + er-ences between gr-ËL.rFs were ter--ted wi tl-r ti'burdent ' s

Ltnpåir-ed I tes;t- fî.rcJiocalci.crrn absor-pti.on ÞJå,3 reqrc-ssed on

åÇer cutrrent dost: of precjnisc¡Ioneo dlrr-ation o{ corticoster-c}id

therapy and I r ?:jD I evel f or ttre whol e grnL(p and Eeparatel y

{or tlrose pat:i.ents wittr osteoporotic (UË') s'ç:ines and "norfitåI "

(N) spÌ nes, Di f f erernces between regressi on coef 'f i ci ents

(sIc.r¡:es) were tested {or- signiiicance by analysis o{ varÍåncÉ

(Snedecor- arid Cochran,l.?8Cr) .

RESULTS

-[he- oster:poratÍc ant] nor-maI spine çr-c¡r.rpË. f,r-Êr r_ompared irr

table f,.1..

Grolrp n

AIT ï9 5Ë(t) (:),6;'(().(:¡6) A1(B)

N (i.Ejó(c).¡1)

''. (:). (:)(_) I

0.44 ((). öB)

89 ( 1(:r )

77 ( t4'

p

.19 e
(yr)

5t;(4)

.,, (J. (:r5

ó4 (2)

å1 ¡-r¡ ¡
(f >l /hr )

1 ,::jD
(pmoI /1)

NE

dose
(mqld)

1Z (f,)

?(:) (5)

nE

Il;(f,)

dlrrat i on
(yr)

7 (L)

/ \¡:il

rìË

6 (JJoF' t7

I-ABLE f,. 1

Comparison o{ patients with osteroporotic (UF) and "norrnå1 "(N) spines Gn Iong-'terrn cr:rticosteroid ilrerapy. AI¡:l-r a =houtrly fractional, r-adict:alciurm atrsor-p'tion, close = dose o{
prednisol.one at time of stcrdy, clnration = per-iod clr-rring wlrj.ch
patient has beetr r-eceivirrg pr-t-.dnj.soIonGt, RegLrlts, eiipressed as
r-neån(+)sE.
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1,25D (pmol L)

a

o

ns

FÍgure f,.1.

Comparison o{

hourly fractional

treated pati entg

sp r nes.

I Ca ABSORPTTON (fx/hr)

300 1.5
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t
o
o
N

oao
o
oo
o
o

p< o.ool

serL{m 1r25-dihydro>rycalcif erol Ievels and

radi ocal ci urm absorpti on i n predni sol one

with normal (N) and osteoporotic (OF )

o

N
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50 150 200

1,25D pntot/L

Fi glrre f,.2.

Relation between holrrly fractional radiocalcium absorption

and seFLrrn 1r25-dihydroxycalcif erol Ievels in 39 patients on

Iong term prednisolone therapy. I = osteoporotic sprner O =

normal spine.

For normal spines

(r = lt. 67i p.:.C1. 0(J1 )

y = (¡,005Çlx + (1.4?

For osteoporotic spines y

(r = O. ê1 ¡ p-.O. Crg)

(:). Cr(:r24x + t) . ?7

100 I
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l'lre üF çr.etienL,s wGfr-€:r ölder thali the N grolrp by l1 yt.ãçìrs (p

'':.().()5),. 1ï:jSD l.evels (nr:rrnal rarrqe 5ö-.14(J pmc-rl/J.), cl jcl nat

di{: fer- sJ.qnifj.cantly betweeln 1-lre 1-wr: qrcJL.([]cj ancl .Lhe

tli{{elr-ence, lt=iric¡ t-tie rr-ãqreçl-ion cnr¡{{ici ent o{: r-aclj.oca.l cj.r-.rnl

absorptiot-t clll IriSD {or- the r.rrhc¡1e groLrF, wc:t.rIcl be expectecl to

accoutnt for' å di++erence Ín fract-ional radiocalcir-.rni

nbsorpt i on o{ on l y Cr. (}5 Þer hocrr . T'trer-e wås no rel at i onsh j. p

bet-ween r"adjr:calcj.r-rrn at:sorptiorr and åÇe: curr-rent tlose oi

prednisolone cr dltra{:ion o{ certj.costeroicl treatment whettrer

thr= []F' and N groL(pt: were teis;tetl sreFlår-ately rrr- Leqether,

l-he fractionat r-adincalcj.r-rrn absorpl-ion (norrnal r-ånge (-i,f;(:)

1 " .l:t'l per" holtr ) uras ..ri: f-he I r:,þrer end cr{ tlir.-, nÇJr"rTiål rå¡qç-l l- rl

t:lre OF'qrclLtp (().441(j,(-)Ël)! [¡r-r'L wå!5 in tlie m{dd]e c,+ hhr¡ t..ri::rr¡a.l

rànqe ((J.UEl+(1 .11) rrl the l! gr'-oltp" -fhe di++Er-etn(-:Ê: i:eltr^¡een ti-re

grcll(ps was hi.gh.ty sl_gni{i.r_ant (¡:.,:.r)" r)(..i1. ) "

l-he regressiort o{ r'adít-rcalcilrm absorptic.rn on lri1;¡D is,jlrown

in iigr-tre f,.". l-'or tlre N qroltp the regressinn coe-f{icie¡t Í=
(.).(l(:r5(:)+(i.u(i1(l and for ttre oF'groL(F it i-- ver-y siqni+icantly

l.ower (().ÙC)?4+{).i-){¡C)8rpL.(:i.(l(-)1) " Tl-re correlatictn coef ircierrts

f or the two sr.tbqroups ar-e si r;n i f i cant ( p.,:: (j. (j(:) 1 and {:. (_). (-rS

re=pectively) and tlrt-. correl¿rtiun coefficient {ar all '.js

cases cornbined i5; (:). $cr, (p.,;{r. (_)(_)1, ) .

DISCUSSION

A predictable findinq¡ in this s-;turdy- is

decr eased radi ocal ci urrr absc.rr-pti on i n ttre

aI thclrglr caI c i urm absor¡rt i on i s reI atecl to

the signifÍcantly

OF' cåEes. Hohlever ,

-+'7-
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ås à wholË, 1r?5D is ncrt decr-e:ased j.n ttre OF grr:Lrp and dc¡es

rrot di{'fer siqrri{Ícantly between the gr-cJL{p.:" l-lrj.s sr-rqr¡est=

that the rnalabsol-pt-iorr of calcinm is rrot à r-es,urlt of Iow

1,25D l.evels br-r'1. iç.: the regr-t1t r¡f å defj.clÊÍ1t- r-ËsponslÉ? 'Lo

1 ,25D åt the glrt I e.vel "

If the slope o{: r-adrsr:alcilrm absorption on l,rliD cån be

ltsed ås an indicator o"f: gr-rt sernsiti.vity tt..¡ 'lr?TDt then the hl

groLrp dc=rnclnstrated simÍIar seng,itivity to ttrat o{: noFrnal

postmenopansal wornen ( sI ope (i. (-)(:)4?+ (:). (JÜ(-)? ) ( l'1orr i s et

aJ.rl9AI). l-he resFt:n:'e of radiocalciurrn absorptj.on to

endogenour= 1r25D in the OF-'qr-LlLrp, however, Eeefir= de{icic.nt,

and sr mi I ar restrl ts have been repor-ted for- postrnenclpår.(Ëål

wofnen u¡itl-¡ osf_eoporc'Ets iElnpe (_)"üÕ?ç+(:i.(l(.)(18) (Ma¡-rie, et

aI ,1?Ë5), SrmiIrrIy, å decrera:ied r-espanse af rnt-estrri"rl

calciutm t-ranspor-t tt: Iïi:iD ha,: bel"n reportc,d in r';rt,¡ tre¿r'tec1

with pr-edlr j.soIc.¡r"rr+ (Car-re et.al 11q-/4)"

l"he {indinc_¡s ¡'-s-ported herre =ltpport those of Seremall et aI

(1ç8ü), Cr-iIIy et aI

Dylt:rnån et al ( 1984 )

cort i costeroi d-treated

been repnrted j. n r-ats

(19Ë1b), Findling et aI

who { ourncl ntr decreaç.e

pati. ents.

( Fclv(-ls et

(198!l) and

in Ir25D in

findÍnqs haveAgaÍ rr, si rni I ar-

aIrlç-/A) " êrlrmal str-rdieg

sutggest- ei ther- a posl receptor abnorrnal i ty (shr-rl tz et

alolclB?) or a decrease j.n 1r:.'jD receptors to explain the

calcierm malatrsorptian. The report of Yarnada et al ('IgB4), in

abstract {orrn, that 1 , î5D I evel g rnåy {al l wi th tr rne i n

cortÍcosteroid-tr-eated patients needs fnrther evalutation ancl

the data r-eported lrere walrlcj not serpport sutch ä rnodel..

l-he reports of Àn aclrte rise in 1??i:D Ievc-ls crn initiation
of cortico=teroid ther-apy (Cri l Iy et al r lgBltrl Hahn et
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àIrl.981i[rr-aurrr t=t-. al rlggt¡yamarl;r et aJ. rlgB4) år.e furrtfrer
evide'nce f or- a decreas,ed gr-rt r-esponse to l r?3D. 'the sr_rqqested

mcldel {: or- the ubsc'rved everr{-g != that clecr-ea=ed caLci.r.rrn

absor-¡:rLicn leacls to å cornFlernsatory rj.se rn F..T'H gecretiorr

which stimLtla'tes 1 r25D prc.rrJcrctÍ clrr r-rntÍ I calcilrm abs¡. orpti gn

i s restored clr- bone resorpt i on i ncreases to compc.nsate f or

the fall irr i.ntestirial caIcir..rm.

It is sLrr-prisÍng, then, that in spite o{ continurl.nq

secondary hyperparailryroidigrn durring corticoEter-oid therapy
(Ft-tci [:: et aI n 1?75¡ Lcrlrert et aI 1!g76¡ Hahn cìrl rl

HahrrlLtì7bi5l.rrlrl: i et a1 ,1gË:l; ); ttre l!?:,D Ie:veIs.fall ts nor-nial

i nstead of r-Frncli ni nq¡ el evated " 'Thi s i e at var-j. ånce wi 1-lr the
1rT5ll 1a-vsls {ottncj in ¡:r'i.m;rr-y lryper-pårÉrtt-ryr-oidÍsni (flalrç;1;.i.¡;t"

et aI , J.97ó) arrcl sr-rçges{--s that wi Lh lc:ng term rcrti.cnçteroid
ther-apy tlrer-e j.s å decrËåEãt: in tlie abiIity to ¡:ruilr-rt:er ;t1:;:iD

in ÂpprËFr-iate qnarntitir-'s. 'l-lti.E aspect need= .f: urrtllr:r

irrvestigtrtir:n, {or euarnple by testing the renal. l-aI¡:h"e

hydror:yIase "rÊserve" witlr para{:hyr-eicJ hormone in
corti costeroi d-tr-eated pati errts.
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CI-IAI -I ËR FÜU[:i

CORTICOSTEROID-INDUCED OSTEOPOROSIS:

CORREtrTION OF CALCIUI'I ÍIALABSORPTION WITH CALCITRIOL.

Çalcitriol (1rI5D), Ín å dose of C)"4.() mcq/d, has ber.-n

reported to incr-eåEe calr:iltm absorption in ¡-ratiertts

utncler-goinç¡ r:orticosteroid ther-apy (l':. le.in et- aI o J,977i. ri

smaller dose+u o.{. (-i":ì5 mcg.icf , sl.inilrla'Le= calcrltni ,.1Ltsi(-'ir-ptiuiri rtl

postrnenepaursal wclrTìen wrtlr osteoporo-=ie and calciutm

rnalabsorption and ai=a €i[]pE¿{rË'F-o decr'Ê:crs'e botre r-e=orptir-.rn

as å direct corr'seqltence (Neelcj et aI ,19ll5a). l"i 'e ef+ect': ot

cal ci tri r,1 on t:r:ne rËsclrptr c¡n have been studi ed

lr i stornor¡rhomel-rì. cal. 1y i n cort i costeroi d-treated pat Í ents

(Dy11:rnän et aI ,1984) br-r't'Lhe e{fect on utrinar-y hydroityproline

rA¡à.: not descri bed. '[here i st al ways the ri sh that the

bene{iciaI effect of calcitriol on calcinrn ahrsorption rnay tre

rrnllified by its bone-resorbing action (Rais¿ et alr197?b)'

and this has possibly limited its LtEe.

In the stlrdy reported here, patients on prednisolone

tlrerapy who had calciutm maI¿¡bsorption, de{ined by å simple

radi ocal ci nm absorpti on test , Nere qi ve-.n å dai I y oral dose o{

calcitrioI . Eecaltse the c:t¡ject r:f tlre tr"ç:atn¡ent witfr

calcitrioL wås to c:orrect the increased bo¡re resorptron

Ievelg foltnd inrs¡surltinç frt:m tlre higlr parattryroÍd hormone

-.5(-}-



cÇ,lrti coster-oi d osteoport:isÍ s, a

F.ROCEDURES

A standard prot-occlI r4c{ç; { oI I owed.

overn i glrt , voi decJ cln wal': i Flg r and

di sti I l ed water, Uri ne weìE col I ec{:ed

holrrs, åpprcl:.rimateIy, and blood

l"lre patiernts wêre

then dranl: i5t-l

between (lBClC) clnd

a L (19ö(i horrrs.

c:al c i urrn :;ttppl ernc.nt

I lre ef f r:ct-.s on

Wå9

to the calcitr-ioI tlrer"apy" r acl i c-rc a.[ t: i t-tm

aLlsarptiorr arrd nrinar-y lryclroxyç:roline were atr¿rlysed,

HETHODS

Sjr-rbject": grìve tlreir j.nfr:rmed r:onserrt {or this stt-tdy wlrich

was approvecJ by tlre llesearch fievi ew Cornmi ttee of the Floyal

Adelaitle HcspÍtaI .

Ihe ser-Íeç comprisu,çi E pa{:ients, aqed {rom 4l. tct -/'} yeårs

tre.atecl with pr-ednisolone in å flìËrerr-r dose of I7i14 ng/d. "ftrer"e

were 5 f emal es and :l: mal. es. CaI ci utm maI absorpti on Þ¡crË

de{j.rred, ÊlfË prevl.ours.[y, åsi år"r har..rr. ly fractional absorpLir:rr u{

osCa o{ leEgi tl-ian L).T (lrleed et aI, L?ti5a) = All pati.entç:' iiad

spinal osteoporosis c1F defÍnt+cl try t-he Ff-esence t:{ rìrlF rjlr'. rncll-Êi

vertetrral. cr-lrsl-r f r-ac:turr-es or ür¡e or- mor'Ér verteL¡r-ai weclqe

{ractuu-eg together witli å history of c¡f a ¡rer-ipheral +r'ac1-t".tre

since the rnenopåLrÉiÊ. Tlre condition's for r,rlrich prc"drt isolorie

waÊi prescribed åre Iisted in table 4.I.

f asted

mI of

1 C)(:10

A{ ter

col I ecti on of the Lrr-Írìe,

o'Ê oECå in i(-)

i n 25() mI o{:

o'f 5 rncCi

chlor-ide-.)

collected e:.ractIy t:r¡e troutr-

Fi ve ¡:.rti entg were

the patients were given än oral dose

rng t:{ calciutm carrier' (as the

d i ,-t i I I ed çvater , and tr I ood wÀs

l. ater-.

tlren tr-eated with calcitr-ioI

É{_JI-



(Ëlocaltrol.-Fioche) irr å rlose of ().5() mcg/c1 ¿rncl .l: patients wi.th

().15 mcc¡,id. All patietrts wer-e givern c\ 1q ca.[ciutm sLrpplernerrt

(Sandocal'-Sandoz) at night, /ì{ter à vcirri.alrle periocl on thrs

tlreråPYr rangt,rrç f ron¡ 1Ì to b nrc¡nth,:, tlre tc-sts þJÉlr-Ë repe"*rterd.

Fl.asma radio¿rctivity was rneasurred in c1 [-'àcl': .trcl f;:i; 75 liqurid

scin'ti I latir:n ccllrnter. F'lasma calciurm, altrurmin, cr-eatirrine

clr'ìd phosptrate were measlrred by À seqlrent i aI lnul t i p 1. e anal yser

t+i th complttc-r (-[echni con SiMAC I ] ) . Uri rrary cal cÍ r-ulr wåË;

tneasltred by å cc-ntri{t.rgal analyser (tobas Erio-Ftoche) by the

method of [Jonnerty ¿rrrcj I]r-icg:3 (Ig6â) modi{ied by rnoni.tor-ing

the reactÍon L:r-fore ¿-rncl after- addinç ËD]"ll. urinar,-¡r

hydro:<yprrrllnÉ wcål; rneast-tr-erJ l;iy i-he rrrethscJ o{ Eter-çrnarr arrcj

Loir1e.y (1ç7{:}).

CAI..CULAT TÜNS

F'IaËma calcir-un wc\s ËL¡r"r"ecLecl to tl-rat ¡rreciict-etl for ån

albutmin concentr-ation of 44 s/l L.rsi.ng a c: oe{ficient crf (-r.ö1s

mrnol of ca1 c i utm pËr- qrånr r:{ al blrnri rr ( obtai ned { rarn reqressi on

of plasma calciltm c;n plasma alllurnin in 4t7 lrornral s,r-rbjects

tlEC Nordin, personal coírrrnlrnication) .

FastÍng urrinary calciutnr, phosphate ancJ rrydro:ryprolirre

e,'lcretions årÊ: eupressed as t-he rnr¡lar ratios 'Lo creatinine

ccrncentration (Ca/Cr, Í:'/Cr and OHF'r/Cr) which repFesent the

eircreti on råtes rel ati ve to l eran body måss and avoi d bl adder

ernptying er-rcrrs. -fhe tr-tbr-t1ar mairima for calcinrn and phosphate

reabsorpti.on (fmt-ìa, ]-mF) were calclrlatecl åE descrrbed

eI gewhere (l"larghal l et aI , 1g'/6) .

l-he plasma radic¡activity ({raction c¡{ asC*t cJcsei per litre
o'Ë plasma) was n¡utltiplied by I37. of body weic¡ht to yj.eId tlre



absorpt i ori

calilrratÍon ËL(r'vë (Hartle.y et ;rl ,198l)"

5ÏAT TsTICAL ANALYS].S

Flesurl't-r¡ befsre arrd aiter therapy ¿lre expressed

fracti on of

+ractional.

tlie doge

+' Etandard Étrror anci HËre

siqni{icàntre ursing Str..rdent's t

ci rclrl ati ng at I lronr- and Lhe lroutrl y

(o() (l"lar*-hal I a"t ;rl ,l 1ç81) wrr$ read o'f f a

e{5 the rneän

statisticalarral yzed {or

test for paired data"

Ëi ght pat i ent-5 were

and cal ci r-.tm ther-apy

absorptron mÊasLrr-elnents"'l'l-re:

detaÍIE <rre sfiown i.n l-abIes

RESULTS

asseg:;ecl l¡ef or-e and af ter c.rI c i tr i. oI

br-rt anly -/ lrad seqL(enLiaI calc:ilrnt

irldrviclr-r.rI r-esurlts and patrent

4".1 , +.2 and 4"--l; .

F l asma caI c i nrn and phosphate L eveI :; wËre normal bæ{ore

therapy br-rt sevel-al patients. had irrcreaged fastrng urrinary

OF{Ë'rlCr, Ca/Cr and plasma AL-F activity (tables 4,t, 4..? and

4'f,). In 1. patierrt tl-re plasma calciurm rosË above tlre nornral

rånge on ().5t) mcg/d af calcitriol with ca1ciLrm, br-rt it

retutrrred to normal when the dc¡se o{ calcitriol Nås r-edlrced to
(-¡¡tS mcg,/d and in J. patient on ()" 25 mcg,/d with calcilrm (case

B) the pl asrna cal ci rrrn wäE i ncreased at 4 months .lnd normal

again at 5 months a{tr=r treatment began"

ïri 2 patÍents, str-tdied before arrd a{terî to 6 month-- on

t).5 rncg daily of calcitriol , mËan o< r-ose from t-r.î7 to (1 .ó1

per trourr and in 5 patients r:n 0.'j5 rncg it rose {r-onr Ç,t+? to
(i.66. fror aII 7 patients with ba'¡eline- and treatc=d absorpti.on

valtres, rnEçin r(fse f rom 0..i:7+C), ()4 to t-t.64+lt-Lfl (pr;(:). (:)1) .

In aIl B patients grven calcitr-jol and calciurrn, rneàn tll!r/Cr



fel l from

12tJ+1É tr:

l-he f aI I

c). t)25+(). ü():J; to (J. ()1f,+u. ()(-):[ ( p.':: (-) , (:) 1 ) ån d ALF

time period ({:abIe

to tlre i ni ti ¿rI

'/-/+t6 (p':.(-),C)1) in the s,årne

in OHF'r/ür' wåE FroFor-tiori.rI

arrd ttre sl ope c¡{ tlrr,. r"eqre:-s j. un w¿ls --()" ç1.

tended to be- propor-tj.orraI t-o tl-re initial

{ r- clrn

¿r'f\

vaI ure

l- tr e.

val rre

bt-tt the correlation coe-f f icient (.-().;l?) was nt:t sign j.{ican't.
'['here wÊjr-Ë no siqnrf icant chrìñÇEs in plasma calcir-tm or-

phosph.ate or in urine calciutm ¿rnd phosphate er.:cretion.

({iqL.rre 4" l.)

faII in ALF'

Case Age Sex Frimar-y
d i sease

4=Cå atrsc'r-pti. on
(f racl-i.on/hulrr )

Eef ore A't ter

I 7?F

4. -17 I-

5" 7Ct F

plrlmorrar-y (i.17
f i bros;i. s

purl monary (), 5(l
{ i brt:si s

rhertmatoi d .J.4c)
arthritis

putl morrary C). f,4
f i brosi s

t-, , Cf.l t_, " ;r(_J

-t'her- ap y

I r 35lJ Ca
rncg,/d 8/d

Dutr at i on
a{ 1-lrer".epv
(rnr:ntlrs)

6

.a

:l

¡:

?

4

l

prrlmonar"y t).1'-l (:i. ô() tl .=tl I
{ i brosi s

i. 4T lY penipl-rigrr= (i,17

4. =4 F lr-rpurs (:).4.1 Õ.5¿r (:)- 25 I

(:). 5ü l.

6" å5 F

(:). ó5 (J. 25

()" 87 ().2:l

1

1

7 . 4t I'l chrcrn i c
I ymphati c
l eu[raemi a

(:) . f,f, (-t .:,7 t). î5 1

B. 77 H (J. 8Í (i 
" :5 1

I ÉìËtLE 4. 1

F'atierrt detailc;
calcitriol Ín '/

and respclnsËl sf radj.ocalciurrn absor-ption ta
patients sn pr-ednisolone therapy.

-,J ¡+ -.



Nor rna I
r- an qe

üaEes
1.

2

-1;

4

É'

6

7

B.

I'Jor rna I
range

[]ase
1.

F'1cl5fnà
Cal c i urm
/a L-e¿ . l.(-¿'- i: . JJ

mniol / l.

BASE T'R]

¿.. .JÞ

t. 4(l

i. 4L)

E'{/,. .J I

a. .j,'J

-¿. JO

F I asrna
F hot:phate

{ -ÍEr-t, / J- I. ..j,J

nlrno I / l.

ËrA5Ë l-11l'

É\LF'

:l:(j- I 1(j
T/T

EASI- ]'IIT

?. 49

3. 5(:!

/a L-c'

-f (f

t-¡. (_t(_r-(_t 
" .:, j

EASË ]'R'T

I . (.)&

(J. 9:::;

j. (_J.:,

I .:r¿

().91

1.19

1. (:)EJ

I.(-)t

(_), {3--f: . (.)

ËrA5Ë T Rt-

1. 1r

1 " :l;(J

(J. åt3

l. l(j

(1, 98

1.(lË

1.(19

o.99

4u

81

OJ

6.7

/+8

69

184

EÉ'
JJ

Tnif:'
(:). ó- L 4.

mmol / t Lif'
EAsË r-R r

(_j,cl 1.2

1.(i 1.1

u.9 O.5

t.5 1.1

1.å 1.1

9()

ct8

/t)

I ¿C'

1:;6

8()

tü8

12tsi:. .J I

l"lean 2.43 ?.45 1. ö6 1. (j/+ LI'/ '7'/

5E Q. (.ll ü. (lf: (j, (-)4 {-i. (_)rj 1É I É
P ng ng {;(-),(:)I
].ALTLË 4. i:
F'Iaç;rna biochemical variables at baseline (IiËl5E) aric-'l dr-rr-:irrcl
treat-rnent with calcitriol and cal.cj.r".tm (-l-lì'T) irr S pa{:J.erit-s cln
preclni çol one ther-apy "

Ca/Cr l=' / Cr 'l rnC¿i
I (]*-J LI. U ¿.¡ LJ

mmol /IAf
BASE TRT

1"1; L.(J

1.f, 1.1

üHt-'r- ./ Cr

'¡:'ti" (-)17

HÉ\5Ë T'R]

(:r , () 1E (l . (:¡ 1I;

o. (lî5 (1. ü14

(1. (:r:l:5 (1. (J 1 5

() . (-)?9 (J. () 1:

(1. ü(17 (:). (l()9

(i. (:)18 (:). (11'7

(l . ().:;f, (1, (:¡ 1.1

(:¡. (:)f,l o. (i 12

0. (:)I5
0, ()ö.f
.::. (-). (J I

(..,r-L,t.t,
(). 0ö 1

(1. 88

(:1. 5 1

(J. 66

(1. 57

(:). dr5

(:t. 5f,

(1. f,4

(:).19

(t. ó9

rt .'79

t_t.67

ö. 19

r'1 ?1

C¡.:3

t-r. L.J

:.(:) ::i.9 1.9 t.'/?

.-:,

4

J

É

-,

E

4.(l I 1 1.9 1 t-

1.6 1.6 1. ó 2, (j r).9 1. 1

1. I ?.5 1.9 1.8

r..1 ?.5 1"? 1.9

Mear¡ {:). 54 ö. 45 I . I 1. f; t
sË (j. 07 (j. (j9 (j. 4 (), :f (_r

pnÉns
TABLË 4.Í¡
Urirrary var-iables at baseline
and calciurn treatment ('T'Rl') i

( EASE ) and dltr- i ng cå1 E i tr i ol
n B patients on prednigolone.

1"2 1"()
(J. I (). I

11 g

9 L.9
I (i.1
NE

E'E_JJ-



rcç" Absorption OtlPr Cr

.04

.ol

p< O€1 p< O.gl

tNrTrAL 1¿5I) INIT¡AL 1,25D

Fi gure 4. L.

E{{ect o{ calcitriol and calciltm therapy on holrrly {ractional
radiocalciurrn absorption and fasting ur-inary rnolar
tiydrorlyprol i ne./creat i n i ne rat r o i n cort r costeroi d-treated
pati ents.

I

7

@
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o.

o

CflAT'C¡E IN

-o.oo5

-o.o20
o.oro

o

o.o20

lNlTlAL OtlPr

o.o30 o.o40

lv

Fi gurre 4. ;.

Regressi on o{ change i n f asti ng ltri nary

hydroxyproline/creatinine ratio (OHPr/Cr) on initial OHFr/Er

in E} corticos,teroid-treated patient=, given calcitriol and

calciutm therapy f or ã to 6 months.

y = Cl .C)11 - (-¡.91>l (r = (i.97iP',:.(:t.(J(1 1)

-37-



DISCUSSION

I lre rnost si. c¡ni { i c¿rn L, clrarrrlr. j. n the measurr ecj var r ahl eE å{tËr'

il to ô rncnt.lt'g c-¿rl.citr-j.oI tlrer-apy is in r-"adiocalciL(rn

ahsr::r-pticirr, w:it-l-r ¿11 inrrs.;:sç¿ cll: b(.tï" (p,:: (1 .(.l1) o+ tlre irritral

vaI lte. Si mi I ar i ncreases I n cal. c i r..tm absorpt i. on have been

reported pr evi olrsl y w j. tlr .:i rrr l ar doses o{ cal c j. tri ol i n

corticosteroid-treated patic.nts (l:.Iej.n et a1,,1{?'77i 1 and Lhis

res,pclns,e hag also beerr strown by oLrr qrnrrp in post-menopaursal

osteoporotic patients with L:ð1ciLrfiì rna.l.absor-pt.i.cn (Need et

aI , 1cl85a) .

Altftot-tglr calciuun ;rbsorp{:J.orr Håci not rr.stored to tlie nc¡rniaI

aritlrmetical rnpan v¿+llte of (l"Bt (lrlc:rdin elt a.1,,,1çtlS), ther-e

h¡å5 a signi+icant- {aI.l irr Otll-'r,it)r, tavlards rror-nral., indic;rting

å faII rn borre rÊfsorl]tir:n, wlrjclr im¡rIie;; å tlecr-ease rt'l

Fàråtl-r yrojcl hurntorte Ëecrel-Íori , I1- måy not'. bs nË¡cet;s,ctry to

r-estor-t-' calcitrm atrsorption fr,rIIy tn nor-måI to enElrre

adeqltate cal.cilrnr avail.abilit-y jf ä 1c¡ calciurm ËLrpplernent is

grvÊn,

l'he rt=gression a{ fa11 irr OHFr,/Cr- against the initial våILrÊ

(coe{f icient -0.9.t+(j.1(:)) irrdicates par-tial sLrppression c¡{

OHFr,/Cr towerds the non bor-re component o{ (J.1(J (Norclin et

aI t 1976) . A sL opt= o"f -1. (J wolrI d i ndi cate cErnpI ete snppressi on

of bone tlrr¡rover. The intercept of initial OHI-'r/Cr on the y

aitis (tlie point at which no charrqe is expected) is (j.(112

whi ch i g si mi I ar to that {ournd af ter treatrnent of

posttnenopattsal osteoporoti c h,ornclrì not cJn cortr cos,tero j. ds

(Need et aI ,19U5a) .

The decr-ease in bone reeorption is, however, åccompanied by

-58-



a decrease in AL.l-'wfrich rs probatrly dlte to å {aIl in bone

formal-jon r-ate ås otrcLlt-E with oestrogetr 1--herapy (Nr:r-tli.n and

l-'eacockrl?8:.1;). lhis e{{ect ut:i11 tencl tc o{{get'blre trene"{:iciaI

c.{fect of decreaEed hclrie re-'sor-¡rtiorr br-rt å dec:reasc¡ in bone

tL.rrnover i.s Iil': eIY ta le.rd t-n É1 Iowelr r¿rte o-{: lrone Iog;s in

the lonq term.

l-he responEe of o( tci what Érre pr-olrabIy physiological doses

of calcitrint (tìr'ay et aI ,197Ë) coutl.d j.nclicate either

calcitriol cJefj.ciency or ä pr-imary rnal.absorption o{ calciutrn

at the gr-rt- l evel . l-lowever the ready resPonse of bone

resorption ta ttre therapy slrq¡ge=ts ttrat c;:lciutm malabsor-ption

is å prirlar-y cc-tt-tsE af t-lre j.ncreasecl bc-rrte resL.)rptiot-t.

It i.s lil.teJy that tlre chariclr-r- wj.tl-r 'L:r'eat-nrerth {o.l' .[cr; ti-¡e

EEqLrentre of inr: rErlsEd calcj. lrm absorpt-.ìon lc+arJÍrig to der:: ¡-eagecl

F'IH activity, and sl.t[:*equterrtly, in bc'ne t-esorption , and ih.+f

cJecreased þone {ormatron foIlaws as à cL-1r-i -eqLtencE. 
-lfiis

interpretation is in [,:Êepir]ql with histomorptiometric {indÍngs

from a sturdy a{ 1'J cor-ticosteroid treated patients given

calcitriol and calciuun therapy {or' 1Ë monthg (llyl:: rnân et

.rI ,1984). T'here wàs ä signÍficant fal1 in the nltrnber o'f

osteocl astg per mrn2 i n the t-ratrecnl ar bcne and si mi I ar f aI L s

in ogteoblastic osteoid sr-{r+åce, rel.ative osteoid volltme and

total osteoid sutr-fåtre. ÜnIy lonçitr-rdÍnaI bone density

fneåsLrrements cån establÍsh whether tlre long term e{'fect of

calcitriol and cålËiLun trn calcirrrn balance is fåvoLtrabIe, and

the initial. dat-a (Dytlman et al ,1984) st-tggest ¡¡1py ¡::t"i::ir:l t..Lr::: äi+ iìt:l

r':;;i:i.i¡tt:i. i:: :i.t:;:*it¡f. rh.rri(J(i;i :i.n f orearrn bane mineral density. It is

I i ttel y that the surppr-essi on o{ tl-re bonæ { ormat i c¡n rat-e wh i ch

{ ol l. ows slrppr-essi on of trone r-esorpt j. on nrrl I i 4 i es mltch o{ the

-J"f-



benef j t- clai rred by th i s tlrerapy 
"

'f orrnati on dr.rri nq cor-t-i cosl:Eroi tl

ne:.rt chapter'"

lhe protrlem p{ de'c!'-eased [:r:ne

thr:rapy rç' st-crdied in the

-6(_)--



ÜHAËTFJ:R ËIVI:

EFFECTS OF AN ANABOLIC STEROID, NANDROLONE

BONE FORHATION RATE DURING CORTICOSTEROID

DECANOATE, ON

THERAPY.

I IlT'ftODUI]T T ON

Over 4(l years .rgc: Al br i ght ( 194 I ) sutgç est ed

ra'surl t of decr-Ë.ìsËd

tltat

b l--rn L=postmenopaursal clster:pLrr-osi E wcìs å

for"n¡ation dure tt: inErr{f icien'l- acir-enal åndrLrqerr

l.ater I if e. HÊ. sl-ror,.JEd tl¡.rt --rrrdrogens prodL(cL'd

Ffü(iLiCLrüii Iir

clr'i arr-ebol i, c

e¡{fect wl-r¡.cfr wås op¡rosrte {:o tlie cat-abclrc efter:tr; prodltreci

by cortis,ol-Ii[:: e ste.roids (glutcocorticËidF-) ari O cla.imed th.r'l-

l-he prodlrction rate o+ protei.n borie nråtr'Íi{ wås the importarit-

rletermi. nant of bone rnåss. AI br-i ght ( 1941 ) prodltced posi ti ve

nitroqen and calcilrm tralances in postrnenopal.rsal osteoporotic

wornLãn gi ve'rr testoster"one.

The side effercts u{ testosterone therapy in postmenopaltsal

women proved ltnacceptab 1e., htf,wever , .1fld ¡ when i t HaË

demt:nstr-at-e-.d tt-ra't calcinm depr-ivation coltld cåL(se

osteoporosis in anirnals and that postmenopausal osteoporosis

was associated with jncreaged bone resorption, Ínterest in

androgen therapy waned. l'los{: worl:: ers have conçentrated on

tr-eatinq osteoporosj.:, witlr agents that r-edutce borre rËrsorpt-ion

st-tch as oestrogens, calcinm, vitarnin D arrd its metabolites

,calcitonin, diphosphonateg crr progestågens (Litidsay et

-ó 1.-



åI ', 1?7Ël Nordi n et a.L , 198(li Er-I i li et al. , 1g8llHorsman e't

aIrI9Ëì.JlGrr-rher- Ê-t aI ,1984tLirrds.ry et al ,1g84)"

Iriter-eEt i n arrclrclgen tlrerapy hag conti nured {:or r:ther

r€lÀEcll-lEi t atrd å series of compoutrtds have be-en developed which

have tlre anabolic e{fec'Es o{ tegtristerone with nrr-tch less

effect on the secontJar-y se:.rr-ral characterÍstics
(Ncivål::owsl;i r1?ó1). ltiege r:ompolrnds arÊ evallrated try tfleir

abilityr in ral- experiments, te selectively incr-s:ase t-he rn.åss

of tlre levator ani ml.r=clc¡ witlr Iittle inr:rease i.n proertatic

fnås5.

'Ïhere have been gç+veral report-s cln ttre LrEÊ+ o{ these aç¡ents

ilr asteopur-osis in the ta,st I5 yÉlår-{8. OxËrrrdr-clone has tleen

repor.L,ecJ ts lrave sirn:il,rr- lr:i.*tr:J.ogical er{{ects to r:elstr^oqe:ri t-'in

the bone af postmarrro¡raurs:rJ. nsteoporot-ic wotnen (Filçgs et

aIr197î.)1witl-r å decr-u¿i,;e¡ j.ri borie' re.gorbirrg glrr'{åce1s ire:irg

folIowed, after- : ts 4 rnonths, by À decrease i'n bone {orminç

sltF.iå(:es;" [l1o ef{ects on tlie borìc. rnä.EE wLrre re'porterl in that

stutdy bt-tt the autthor's concl.r-rsisns wErE that the niaxirnal

benefit ttiat cor-rld br. deri.veci "frcrn the= tlrerapy wourld be

"årFFst or- slov,ring o{ the bonl IoËs". HiIsr:n and Griffin
(1?8(l) later stated that analrolic steroirJ= hatJ no rcrle to
p1åy i n the treatrnent of osteoporËst. s.

Dther rÊ:ports have bee-,n rrore posi ti ve, wi th ctregnlrt et aI

(L1777) 1 Chesnutt et aI ( 198;i) and DeqLrel::Éar and Gecrsens ( 1985)

reporti ng i ncr-eåses i n bç:ne måE,s r^¡i th anabol i c horrnone

theråPYr utsing nelttron activation arralysis ¿tnd forearnr photorr

absor-pt i ornetr-y.

l'hj.s sturdy was rJeE,igned to conf ir-m the decrease in bone

formation rate caused by corticosteroids and to inveEtigate

_L1_.



¿l

the possr b1 e

decanoate, i n

ro1 e of ån an¿rbol j. c ster-nr d ,

corr-æcti.ng this abnc:rrnal.ity.

naridr-ol onel

Royal

I'IETHODS

Ë'atients ÇcrVE the-ir j.nformed conserrt for this stt-tdyr which

wås approved hy the ftegearch [ievi ew üommi t-tee o{ the

comFri. ses 18 pati ents onlhe serieslìdeI ai de HospÍ taI .

term predni gol one

postrnenopaursal

osteoporosi s ås

bi ochemi cal or

patierrts

NåE rneaslrred ut=i ng tlre e;.lpandi ng

aI ,1969) ås foI Iows:

h,ornEn wi th

cantrol ç"

våryr. ng

llor¡e of

rJeçrees

the

I ong

-:i cl

5pI11 ¿r1

ll .l Cl

therapy (1:: {ema}es aricl 3 male=i and

o{

cIinic.ql evidert t--e o{ r'ene1 {atIl-iret

ogteomalacia or- l-'açet's dise-"1-=E¡. -l he --terriid-'tree.led rrrùir=rrfcr

Here aged ó(Jtl yeå.rci and t-irç o=te+cpcrotic patierrtg ó7J. 1

yeår5.

BONË FORl,lA'TT0t\t f.iAl-E,

The

pool

l'he

bone {ormation rate

model ( Etcrr [,: Í nshaw et

patients were admitted to hospital. A+ter intravenolts

injection of 1(r mcCi of o7Ca, the body content oi isotope Nås

rneasrtred in å whole body rnonitor. EIood sample= v{Ere tal:eî 5

mi nurtel y f or *ï:t-l mi nurtes , then at 6(l mi nurtes , 1?0 mi nlttes , ¿i(J(:l

rninrrtesr TCtçt rninurtes and at lEC)(i minurtes a¡rd then daily Ltp to

1 wee[,: , whereupon the whole body colrrrt wes repeated.

Ihe log of the speci{ic activity of *tCa {ell linearly whe.rr

plotted against the Iog of the elapsed t-Íme (a Þower

{urnctiorr) for the first 16 holrrs, which Ís congigtent wittl

Ì

:.ì
ùl
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di+{LtËicfn o+ tlre isotope into án Érver e:rp,rnclinq pool" l"he

recrprocal of tlre- cjFecif ic activity of o-rCa ¿¡.t årì y instant is

ttrlts a rneås'Lu-e of the sj.ze of the pooI, ancJ e>rtrapolation o{

tlre l. i ne aI l ows cal cutl ¿rti t¡n o{ the theor-et-i c¿rl pool si;:Ë a'L l

wee¡l: . The specific activity o{ azcå deviates +rsrn tliiss

straight line a{ter Ió hourrs and tl-ris deviation is, attribr-rted

ttf trotlt calciltrn Iegs from the body j.n {aeces ancl urrirre arrd to

Ioss into a permanent site in the bone (rniner-al izatiorr) .

"l'he amDltnt of isotope-. in the excl-r arrqeabte pool a{ter- l wetel,:

trcìn be calcnlated from the'pool si:e wlricl-r is the reciprocal

o{ the tlreorertical (e,'rtr-apolated) specif j.c ac'bivity .1t 1 wt ell

i+ no calcir-rm had Ief t the pool (s*È) (f igr-rre s.1) and -+rc:n-¡

the fiì€r:åELrl-Bd spei:if ic r1ËtivÍty at 1 r¡eel; (5'*_) " lt-¡o amolrnt irr

t-.he pool. Í s S 'e /Ë- c.

l"fre n¡Írrer-aliiatÍon r-¿rte is

Pel. weell r Ðt- the atnoutnt retai ned Í rr t-he borjy niÍ nlr+ the emr:urnt

i n the eu charrgeab I e pool .

on di scharge the cc¡r'ti cogteroÍ d-treated pati entg u{ere

cornrnenced on ei ther e

i ntramurscurl ar I y every

together with calcir-rrrr

'fhe bc¡ne f orrnati on

for f, months.

coL(rEe of nandrol one-. decanoate, 5t¡ mg

dose of nandrolone

25t¡ ng./d orally.

;i weel,: g

Lq/d and

rate wcls

or the sårile

cal ci tri oI

rneaslrred aç¡ ai rr af ter treatment

:.N

!i

I

I
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RESULTS

'l-he r-aclio--isoL:opic bone {clr-rnabion r¿rte in 1tj patients (1.I

fernale and 5 male) on prednisolorre therapy was ó5.5+-15.ó mg

o{ cal c j. lrm per rJay whereas i n .JB postmenopaltsal wornen wi th

osteoporosiE it wåE 1l:Ë,Otl6.7 nq/d,/d (p'::.t¡,(i1)(tabIe 5.1).

lhere wes no signif icant difference in bone formation r-.ìte

between rnale and female patJ.ents on prednisolone,

Foutrteen ¡rati ents on predni sol one¡ therapy (5 mal e and I

{ emal e ) Here treated wi th nandrol one decanoate 5(:) rnq

intrÄrnt-tscL.tIrrr"l.y €rvslrr'i t¡.,ee[:: s, {or .j montlr'; and the bot-¡e

f ormation råte'w.rg tlien rerneagltl'ed. There wacj

II(::¡ r+j.rI¡j {::i.i::,-,rrll; (::ft,::it-iiìl(1,1 :i.ri !:rt::irtt'. '{:t::¡t'tii,"tt::j.i::ii t';it:,i:'l i,{:i-c;ii¡

lït::l,,li::i:.i...:i,"i::r 1--i::i ïrii::,,i::i't'lü./,,4:¡ mr,.1r*l) {t,;'r[:i.i.t+ Ii,,:;t),'

ílìrJ,ri:lI When the qroLrp r¡iven rr¿rlrdrolorte clecanc¡ate alone

wås e:rarni rred s,Êpclr-ateI y, i t was foltnrJ tlrat there was å

signif icant rise in the bone f orm.rtion rate {rorn 45- (:)+17. 1 to

1f,4. 1+f,6.Ê mq/d (p.':.(1.{:}2) ({igure 5"-i),

S I DE E.F'FETITS

No patient reported any increase in facial hair ar

hoarsenes-- of the voi ce clltr i ng tl-re f, month ' g coL(rEe of

nandrol one ther.lFy.
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Figure 5.f,.

E{{ects o{ treatrnent with nandrolone decanoate
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radiol:inetical 1y meaEltred bone {ormation

predni sol one-treated pati ents.
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DISCUSSION

Some o{ the postmencJpaltsal oste*oporotic patients were

chos;ert f or this measurr-ement becautse o{ å st-tspec:1:ed Iow bone

'{:orrnat-i nn r-ate,, havl ng osteopor-oEi s wi th a normal bone

resarptÍon rate (rneasr-tred by the ltrinary e,"lcretion o{

hydroityproline). There åre no norrnåI controlE jn this series,

however, ånd it is impossible to 5åy whether the bone

{ormation rate of 1IB nrg/d in the postmenopautsal osteoporosÍs

groLrp is realIy low or whether it -jurst ref Iects dif+ËrenceE

i n techni qr-re {rom ear l i er sturdi es whi ch gi ve å normal rnean of

I5(J mç,/d (Eurrl': iñsh.ew et al ,197J., " tdh.ttever the cäse f or the

post-rnennpalr=aI ost-eaporot j. ç: r4oflìen o the corti cagteroi d-'treated

pat-ier-rt-s had åri even lower bottL. forrnatinn rate, in lLeeping

with the lrÍEtomorphometric iindinq= oi:å Iot^r bone {ormation

rate in patients treatecl with corticosteroicl,ç ('lowsev .arld

Rigqs t!97t--tiEressat et al ,1q'/clJ . 1-he rïagnitr-rde of the decrease

in *.Ca bone f ormation rate is sirni Iar to that f c¡ttnd in the

lri stornorphornetri c apposi ti onal rate try Fressot et al <L979)

wh i ch wäs (J. f:4+(i. 35 m j. cron /d f or 5C) cort i costeroi d-treated

patients and (:).7it().1? mrcron/d Ísr- normal controls.

p {:: (:). (J(J I ) .

Af ter nandrol one decanoate tl-re.rapy there Í g aI mo--t å

dot-tbling of the bone formation rate, indícatíng that thi=

therapy rnäy be o{ LtEe i n treat i nq cort i cogte¡oi d

osteoporosis, espetrially í+ the increased bone resorption cÀn

be control I ed. The {aI I i n bone {ormati on råte i n those

pati ents gi ven cal ci urm .lnd cal ci tri ol eE weI I cìs n.lndrol one

i= protrably e consLàqLtenËe of ttre {al1 in bone t-esorption
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cåLtged by these agents åri detai led atrove, l¡lhenever increaged

bone resorption is correctedn whether witlr oestrogen (Nordin

and lf,eacock , lcl8. ) r¡r' wi th cal cÍ r-rrn arrd cal ci tri ol (Need et
alr19tl5a) ther-e is å scrbsequrent faII in prasma alkaline
phosphatase activity, whiclr almr:st certainly indícates å faIl.
in bone {orrnation. Indeed, thi.s is probably the factor which

I i mi ts the ursef lr1 ness o{ aqents rJesi gned to decre¿rEe bone

resorption.

It is not l:nown whether the beneficial e{{ect o{ nandrolone

decanoate therapy on bone forrnation in cortico5teroid*treated
patients wilr lead to ån increage in t-he bone rnåss, burt the
f ol.lowinq str-rdy was designed 'L.o tec;t srrch ån h.¡pnthesis.

-7 t*



CIIAI-'TE[.( STX

EFFECTS OF NANDROLONE DECANOATE ON FOREARI"I BONE I'IINERAL

DENSITY IN CORTICOSTEROID-INDUCED OSTEOPOROSIS.

Cort i costeroi cj-i ndltcerj osteoporosi s i s À conseqLrence o{

both redlrced bone { cirmat i on and i ncreased bcne re=orpt i on ,

bt-tt treatment r-rp tcr ncu.r has been 1;rr-geJ y f r:c{-rssed on redlrcir; g

bsne resnrpti.t:n with agents sr-rcli ås calcrr-rrn and vitamrn i)

(lJahn et aI ,19'/6) I thi¿r¡ide dilrretics (Sr-rir-rl':i et aI ,1974; ancl

calcit-tm and calcitr"Íerl (üyl::ffiån et al ,l?84). F'er-iraps thie rË

becaurse change= in bane restrrption have been emphasÍsed in
postmenopaltsal osteoporosi s and they cån be moni torecl

e{f ecti vel y by nreasnrement of the lrri nary eircreti on of

hydroiryproline. Lìhanges in bone forrnation åre rrslrally
rneaslrred by seqlrential bone biopsy or radiol,: inetic analy:;es

which are more dif+icr-tlt to per-forrn crn Iarge nlrrnbers of

pati ents. Fl r-tori de therapy hag been surggested as the rnrrst

e{{icient wåy of increasing trabecnlar bone formation durring

corti costeroi d therapy (BayI i nk , 198f,) and vi gorous exerci se

has al:;o be'en =lrggested tci be utsef lrl . T'he f ormer therapy iE'

Iess liltely to ittcr-e.rse appendicr-rIar bone (BayIin[': r198f,), trån

tråLtËe intestinal urp=et and fascial pain and the bone fornied

is histologically abnormal . The Iatter- ther-apy is impractj.cal

for most corticogteroid treated patierrts.

-7L-



Albriqht cotrsider-ed that vÍr-tr..rally a1 I osteoporoËrs wåE dlte

to dec-reased bone { ormat i on , and th¿rt i t wor-rl. d respond to

tet;tostt:rone therapy (AIbriq¡lrtïI941) blrt the v:-r-ilii:j.rrc-¡

e{{ect:i of this hormone mäçlL. it urnsuritable for- LrEe in

postmenopalrsal wornen, wtlo mål',: e Lrp the t¡r-.rl l: o{ the

osteoporoti c poplrl at i on.

Ariabolic steroids, designed to have the anabolic ef{ect-e of

testoEterone wi thor-rt the vi rÍ I i r i ng e{f ects, have been

sutbseqnently developed. I'heEe drngs åre r¡ener-al ty bel ieved to

have littIe bene{iciaI effe¡ct in osteropor-osis ([,liIson and

Gri ff i n , 19Ëö) , br-rt sorne po=i ti ve reports have appeared

(Chesnutt et aI ,19lz'7 I Chesrrr.rt et al ,1983; Deqr-rÊ|.:: er a.nrl

Ëettç'tînsr 1,9Ê5), lhrs rEpnrt- deçcrihes the chanqe iri {or earni

rni rrer-al. densi ty, usi ng photon .ebsarptr ornetry, i n å grcrLrp c{

patients with gteroid-indurced usteoporosrE wtro wet-E ob=el-ved

both on and off nandrolone decanoate therapy.

]IETHODS

Ten patients on Iong terrn prednisolone¡ thereFyr e1ñd with

varying degrees o{ osteoporosis, were inclr-rded in this triaI.

The mean dose o{ prednisolone wàs 1111.7 ng/d. Fatient

detailg and diseases for which prednisolone were prescribed

åre given in table 6.1"

Seven o{ the pat i ents ( wi th norrnal urr i nary trydro>l yprol i ne

el'tcreti on ) r-ecei ved no other- treatrnent than the .enabol i. c

steroid, Calcitriol and calcilrm wås given to one patient r^rith

caI ci ltm mal *rbsor-pti on and caI ci lrm to f pati ents wi th

--f-a -



increased bone r-es,Lrrptron , to control increased bone

resor-ptiorr (detected by increased lrrinar-y trydroxypr-oline

excrs:tion). Ir¡ 6 of the pat-Íents the f rrst period o-f:

observation waÉ on nancirolone decano;rte and tlte sect-rnd

(control ) peri od of f thi s therapy. In tl patÍ ents n.rndrol one

wes given after- ån äppropriate control period of obsier-vation.

The onl y change i n therapy between each peri od o-f: obc;ervati on

wàç the r-emoval or additicrn of nandr-olone clecanoate a{- å dose

of 5(J mg every : weel::s by intr.rmuscrrlar injectic¡n. The

detai 1g of other treatments recei ved årE gi ven i n t"r[:1e 6. 1.

I he bone mi neral densi ty of tlre di stal ri qht f or-earm Hcìs

lne¿tsurred on å lfolsgaard Fone I'lineral Anai.yser by photnn

absor-ptiometr-y'o t-tsing cì t=erI sDLrrce" The årn-r Hås inirnsr'çed iri

water and 6 recti l i near sccln.; perf ormed, i n automated

fashionn beginning at å {ixed diståntrE ironi the, wt-ist" l'l-ie

hand gr-ipped å fixed post, with the rnetaiarpo-¡:haIàr'ìeEcìI

jointE opposite å mår[,: on the post to starrdardÍ:e slrpination

at the wr-iEt. The f irst scån wàs prograrnmed to begin at å

site where the gåp between radilrs and lrlna reached B rnrn and

then each sr-rccessÍve scån wÀs perf ormed 4 mm proximal to the

previot-ts one. After 6 scårìs the attached complrter calcurlated

the integral of the absorptÍon

f or- each Ecän , gi vi ng the wa.ter

across both radi urs ancl rrl na

a v.rl Lre of z ero, and then

Ëcåns. l-he, i nstrlrment wåscaI clrl ated the rneen

cal i brated agai nst a

slrbseqlrently ashedr Eo

mi neral csntent (frHC)

{or aI I

hlrman rad i r-rs

as to give e

Ín rnqlcm. -the

and url na, wh i ch were

d i rect resurl t f r¡r -É orearm

coe{f icient o{ variation

of dutpl. i cate rneÄsLrrernentg on 2t) i ndi vi dural s on di f {erent days

wås 1r.37.. The FMC wag divided by the Eross sectional årEã of

-'/ 4-



tlre radiurçl and urlna (llorsman and Leach tLcÌ74) to gi.ve the

foreartn mineral density (FtlD) In mg/mL In seqltential çtt-tdies

the [:l"lC Nas di vi ded by ttte or-i çi nal bone år-eå to yi el d

sequrent i al vaI neg o{ FMD,

InitÍaI and {:inaI FMD werÊ compared ltsing Stt-tcJent's t test

{or paired rlata. Rates of change were compared in f wåys

ltsi ng 5tr-tdent 's t teE't f o¡ pai red and ltnpai r-ed data" In the

f i rst (pai red ) anal ysi s the meån rLrl:es on and of { nandrol one

decanoate werE simply compared, However this analysis does

not tal::e accolrnt o{ the di f f erences i n peri ods o{ observati on

betweerr cåse=. On the assltrnpt i on that I onger per i nds o{

obser-vation shot-rIcl cår-ry mtfr-€l wei.ght-, the tirne-weÍqhted rnÊan

rates c¡{ change HLrr-e calc:r-rlated b'y ærrtr.i'-j.rrg earh ¡-¿rte+ irt '[,he

ELtrn ås mariy times as there h,ere rnonthq of nbservation'

RESULTS

Detai I s of the responses to nandrol one

6.7. In the groLtp åË a whole, the meån

.157+-It mg/rnl to J44+21 mg,/ml (p',t). Ü1)

periods. The FMD felI at å comparable

control peri od wås after nandrol one

arel given in Table

F ND deceased { roin

dutri ng the control

rate whether the

decanoate

( - I . 49+O. 5É mg,/ml /month ) or bef ore nåndFol one

therapy (-1.47+(J.61 mg/mI /month ) . In the groLtp as

there wås à si.qnif icant increase in Flfll from l;4ó+lf:

f,57+?f, mg./mI (p{::(j.(:)25) on n.lndrolone decanoate.

therapy

decanoate

e whol e

mg/mI to

The urnweighted mean rate of change in FMD in the control



per-iods wàs -1.48 mg/m1./month (pt:.¡.(:)î5). lhe utnweiglrted m€-rån

rate o{ change on rranclrol one decanoate ttierapy wåË +7.4'7

mg,/mI/month (p.:,ti.C)5). -fhe dif{erencÊ between the nnweighted

meån rateg oi change wås def initely sÍgnif icant for the whole

qroLtp (P.:: t). (1 1) .

The ti me-wei ghted rneÀn rate of charrge o{f nandrol one

decanoate wàs signifÍcantly neçative for the groLrp äs a whole

(p+it-t.t-)l) and the weighterl r-ate o{ change wåE signifÍcantly

pnsitive on nandr-olone decanoate (p'':.t).(jä5) br-tt the differentre

between the weighted rates o{ change dlrring the control and

nandrol.one periods was highly signif icant (pr:.t:r,(l(11) (f igurre

f,).

l-he treat-mer'¡ t" wcrç wel l

ef tects i n the rnen br-rt I

tg¡I erated, Tfrere FJerË nÊ ei de

wofnån

f ¿rci aI hai r a{ter- 17 manths on the

devel cpecl

drng anci i

ån rncr-Fa5É rn

womån r ep or t eci

an ltnwanted increãs€t in Iibido.
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Iase Agc-+ Sex FrÍmary
üi sease

üther
l-r'e.¡t rnent

IJose of
[-'redn i sol orte
(mq/d)

{ t='IJ
lL-1.J

Init-iaI
FMT)

l.

¿

4
F

L

7.
c)

9,
1(l

5t3
"),1ì

54
ó(l
7?
ó.1

48
LL

LL

JO

NiI
NiI

F Asthma T()Ë
l"l Ë'åceflìå1.,:erJ:óó

[- ai I urre
t'f Asttrma 44?
F Asthma 4::Jl
F llEthma f,4'/
F Asthma ?ICr

NiI
Nil
Ca Iq/d
1 , 25D ¡ (:). ?$Ltg
Ca tq/d
NiI
tvi 1

I'JÍ 1.

üa Lg/d

15
{E
IJ

Intermi ttent
l(l

1(l
1(l
Interrnittent
1()

F'

t:
F

F

Asthma
Asthma
Colitis
F'oI y-
neLrritis

4?4.
.l cf ,J
:I8(l
.:'L /

TAELE 6. 1

Detai I s sf lt-l Fat i entç
f c¡rearm bone densi t',v
i ntramurçcurl.rrI y every il

Í n crossover tri al o{ the e+{ccctr. on
of ¡randr-ol. one decanoat¿. 5(i rrìg

wEe[,: g 
"

F.RE NANDFTOL-ONË: DN NANDF|IJL ONT. F'OSI" NANDROL-ONE:

-I'i 
me

Case (months)
Ti me
( mon ths )

l'i me
( rnontl-is )

F.at c:
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represent-s one Pat i ent .
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DISCUSSION

-l.he tr'ç¡atrnent r:f t:or-ti cos.ter-cli d-i nclr.rced osteopor-r:s j. s

rern"li rrs utnsal:i sf actory at the rnÇJrnent becclLr$e most pati ent-r;

present wii:h severe bone mineral 1osç arrcl rnosl therapies., ät

best , merel y arrest the procËss of bone resorpti on. ['hu=

strilling {:irrding in this s'burdy is å significant increase in

bone måss dr-rring tlre tr-eatment period.

Nandrolone has been urEed f or ovËr- ?(j yeårg to treat

osteoporosis, trurt there is a Ë,Lrrprising Iacl; of data on its

effectiveness in thiE condition. Freviolrg aLrthors have {: oltnd

r-ìcl evi clence' o't bi oclrermi cal (Ëi j I sma et ,eJ. , 1 gBlJ,:) nr-

r"adiolcigical (Vose et;rl ,1ti 7Ë) charrge durriiig anabolic st-ernid

t-heråÞYr burt- other- str-tcJie*, r.tsirrg rrer-ttrr:rr activation analysis
(ühesnr-rt et aI ,1ç"17a[hesnr_tt et atrlgËJ: t carld

photonabsorptiometr-y (DeqL.{e[::Êr et .rI ,19Ë5) sr,rq'gc-st that- thesr-

agents may increase bane ffiåES,

AI tholrgh the i ncr-eäse i n bone mass i n oL(r- pat i entç måy

eventrralJy he Iimited by an incr-easing absslr-rte r-esorption

rate (i+ bone rnaËs is determined by the ratio o{ forrnation to
fractional resorption (Nor-din et aI ,1981 ) ) åny increase in
bone màss is remarkable in itself. Most therapies for-

osteoporosis have been designed to Iimit fnrther loss of bone

by decreasi ng bone resorpti on and thr-rs tend to cause à

surbsequrent f al I

Íncrease in t-he

in the bone formation

bcrne

nelttron activation analysis) (Chesnr-rt

al ,19Bi) have nsed å method with rnurch

F'revi olrg studi es

rnåss (Nordin et

shor^li ng i ncreased

rate which prevents

aIr1981).

total body calcinm

et a1 , 1977 ¡ Chesnlrt

I ess preci si on than

any

(by

et

the
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clne det;'cr- i. bed her-e

bet-ween ¡-ra1--i ente; ancJ

t-he re---surlt-s. the site

al so riot deter-mÍ necl ,

and pati c,nt

control, s; lrave

o{

ïhis

dropot-tt and di++er€lnceE

harnpered i nterpretat i on of

cal ci rrm deposi ti on wâE

tlre f i rst to r-tse p.et i ents

becorne possi bl e becar-rse

absorpt Í ometry aI I ows

over å rel ati veI y short

¿{s thei r ctwn

the greater

detecti on o{

control s and

prec I 51 on

sÍgni{icant

time-

ltie rate of f*rl1 ir¡ Ft'lD durrinq the control periods overall

h¡ås 16 mg,/mI per annLtfn. This Ís rcrther faster than the 6

mg,/mI per annLrm Ioss tlrat- might be expected in lrntreated

normal st-tb jects i n thi s aqe gr-oLrp (NordÍ n ElEtr personal

trornrnl.u-ricati.orr) and indic-¿,rtes how bone rnåss måy +aIl. rapj.diy

on cort i cnsteroi cl therapy I n sp i te o{: control o{ bone

resorpt:i on. T'hi s, o{ cclLrrÉe, i = because of tlre decreased trone

f ormat i on rate i n these cåseg. 'ì'he aurthor "s resnl ts åre

compatible witl-r this corrcept, i,e. that continr-rÍng bone Iosg

a{ ter ñGr-ffirlI i : at Í on of lrr i nary hydroir yprol i ne ex crEt i on

i.mplies irnpaired bone {ormation. The resurlts are also

compatÍbIe with the low androgen levels in osteoporosis which

i s reported el sewher-e (Nordi n et a1 , 1985) .

Bone mineral content haE been related to the strurcturral

strength o{ the bone (Cater and Hayes1I976ìDaIen et aJ-,t976)

so that it is anticipated that the patients treated with

nandrolone wiLl sr-rstain IeEs {ractnres in the long term than

those patrents treated with antÍ-resorptive treatmenl- aIone.

Stt-tdÍes designed to con{j.rrn this are ntrw j.ndicatecl, br-rt wÍl I

requti re I arqe nnmbers of pati enl-s to be f ol I or,,red f crr I onger

per Í od= of t i. me.

i ncrea:;ed

stL.rcl y i s

this lraE,

o{: photon

ctianges
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Anabolic steroid therapy can only increase the bone mäsg

if sr-tfficient calciltm is available to miner-ali=e the new bone

f orrned ancJ so i n thi s str-tcly nandrol one wÀs onl y gi ven to
patients with normal calcinm ahsorption, cr- wlrere

rnalabsorptiorr o{ calcilrrn h"rd been cor-r'ected with calcitriol .

However r anabol i c Eteroi ds, cor-rI cJ poEsi b1y be benef i ci aI evËn

wherr ralcilrm absorption is irnpaired, if they redurce the urine
calcit.tm, ås has been reported (chesnlrt et al ,lgBf,) , This has

not been speci f i ca1 I y exami ned by the alrthor or enyÕne eI s,e.

-[he reEltl ts repor-ted here =lrgç¡e'st the need for {r-rrther

stutdi es of the f actors governi ng bc¡ne f ormati on, and bJåys of

identi{yÍnç caseË in whicl-r thiE is grossly impaired,

-a 1-



CONCLUSIONS

Oner o"f: thr. cclmmonËst side e{{ectt: o{ corticosteroid therapy

i s osteoporaEi s , ltr equrent I y her al ded by the onset of

ver-tetrr-aI and r-íb {racturres" 'l-lrese fractlrres affect- tt)Z or'

more of corticosteroid-treatecl patientsr with postmenopaursal

wornen being especi.elly at riEl:: . lhere is a significant

decrease in bone density durr-ing surctr 'lherepyr wtrether the

asseEsment is made by histomorphometry, rnetacar¡:al.

mor-pfrotnet-ry.' photon absorpti nrnetry ctr neLrtrorl arti vati ori

ctrìcìlysi.s. T'r-abecurlar" bc¡ne lnåËs åppÊåi'-s to be¡ a{fect-ed rrìcJr'Ë}

1:harr rorti cal. [:one rnåËs,

Corticostr:r'oirl therapy cårr ha.ve í-nåFi,t Ëci tffects t:rn ca.[ciutrn

rnetabolism br-tt there is littl,e ef'Fect on the 'plasma calcir-rm

l.e,'veI itsel{ i.n the intact anin¡al . Hou+ever, adrenalectomy cån

lead to å rj.se in the plasrna calcÍurm level and

rorti costeroi ds can be ursed to treat hypercal caerni a.

l-'arathyroi d hyperpl asi a has been reported i n Cltshi ng 's

syndronie in rnån and alst: after corticosteroid treatmerrt in

animals, and tlrer evidence sutggests that parathyroid secretion

riseg to maintain the plasrna calciltm level dltring

corticosteroid therapy. This normally overcornes any tendency

for corticosteroÍds to cåL(Ée hypocalcaemÍa,

HONË RESORF'T I tIN

Bone resorption is increased in corticosteroid asteoporosi s

aI ,1979) and( FlÍ ggs et- aI ., 1966a tìr i J. I y et aI , 197t1¡ Bressot et

-t32-
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this åppeär--a to he the¡ r-eslrlt o{ trc¡th cJecreased intestÍnal

;rbeorption o{ calciurm (l;i.rnhÊrq et aI ,1Q"/1.iÇrÍ1J.y et arl ,1?'iA)

and irrcr-eaç:ed nr-inar-y calciurm e:lcretion (Aclams et

;rl.r.lc/61iSlrzurl:i et aJ.r19Êl:i:). Sr-rcl-r ä nrr¡del lrar; been deEcribed

i n caI ci lrm-depri ved t-*ìts g j. ven å I arqe sodi lrm i ntal:e to

increase urrinary calcÍnm excretion (Gourlding, 198(:)) .

Serrtm parathyroid trormone IeveIs åre increased dr-rring

cor-ticogteroid therapy in månr furrther sL.rpporting the calcilrm

deprivation hypothesis (Fr-rrill et al ''1975iL.r..r[:ert et

aI , 1976; Hahn and Hahn 1t976ï Sur¡r-rl::i et- al , 19Ëf,) . In t-tri s;

cerrnection Ít is wor-th nnting that glucocorticr¡ids actnally

dÊcr-e¿rEe Lrone resorpti. on i n vi tra, br-rt tl-ri E ei{ect can he

overcornt-ã uvi.th sr-rf{ici.ent ¡lar-ath.¡r'oicJ hormnne (F(ar== et

aI , J,?7-:1¡¡ "

Serlrnr IE:vel.s of ?ij ltytJro:lvvitamin D, the rnajr:r' circlria{:rncl

vi tan¡i n Il metabol i te, åt.e ei ther norrnal tf r si'i ght I.,v redurcerd

in cc¡rticositeroid osteoporogis end it j.s, unlil:ely tl¡at thig

has åny ef f ect on cal c i urm metabol i srn -

The alrthor has anal VË€_'d the ef iects oi cal ci nm

malabsorption and increased rrrinary calciurrn e>rcret-ic'n Ín f,(i

postmenopalt=al corti costeroi d treated h,ornen. 'f her honrl y

f ractÍ onal aECå absorpti on ( rX ) wås l ower ((j. 4I+C). (:)I vs

(1 .E}510.L)5, p',.t:¡.(l(1 1) and fasting nrinary calcium,/creatinine
(Ca/Cr) higher- (0.4f,1i).05 vs (-).25+L¡.Lr::, p.'::{¡.(:}3) in the

osteoporotic patients (n = 16) tlran in tlrose with normal.

spines (n = 14). Ëec'alrsË c;+lcitrm absorption has a positive

effect on calcilrm balance and lrrinary calcinrn å negative

effect, the di++erentr€: between these I var-iables (d.- Ca/Xr)

wås caI cul ated f or each pati ent. The r-eglrl t was vÊrry

.+

I
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si.qnificantly Iower in tlre osteoporotic patient-s ((:).(ill+(i,()ts)

than in those with nc¡r-rnal spine:; ((J,6()+(1"C,6, p.::t-r.()(-)(-)1). ì'hiE

inde-.¡l rnay prove to be cl r-rs.efLrl preclj.ctor o{ t-he risl': o{

osteoporcsÍE developirrg ln ¿lly patient on cor-trcosteroid

tlrerapy,

l'he caI ci urm mal absorpti orr :t n corti costeroi d - treated

patrents haE been furrther- investigated Þy sirnltltaneorts

measnrement of caI ci urrn atrsor-pt i orr and Í ts major reglrl ati ng

horrnone, 1r25-dihydro::yvitamin D (1r:l5D). Levels o{ IrISt)

werÉ ç'imilar (and nornral) in the OF-'and N patients, in spite

of a very significant di+ference in radiocalcj.r-rm absor¡:tion

\P':'.t-,l" t-'t-'r ) .

F[egression uf radiacalciurni absor-ptioi'i c]r¡ 1r:5D Ievels Fhcr+:-"

that- t-lre s1,c¡:e fmr L]F patient= ((j,(-)(124+(1.(-)(l(-)fj) diffr:rË +rorrr

that Íar N patients (i).{:)O5i:)+(:)"(l(-¡1()) ver-y siqnificant.Ly
(p't: (i, (j(:)1) . Eecanse the slope {or the N patierits corresponds

with that {or nornral postmerropautsal women (llorris et

al,1985), the data indicate that the OF' patients have å

de{icient i.nteEtinal calciurrn absorption response to I riSD"

ResltLts of f lrrther sturdies to def ine the site and naturre of

thi s de{ecti ve response, and to deterrni ne the behavr ourr of

the 1r:5D receptors and relevant post receptor events are

anticipated"

Treatment of the cal ci lrm rnal absorbi ng pati ents wi th oral

1r25D and å calcir-tm srtpplement reEtrlted Ín a signif icant f alI

in the fastÍng urrin'ary hydro>lyproline, consistent with a

decrease in bone resorption. -l'his ready rÊEFonse is tLl[:: en ås

fttrther evidence that the malabsor-ption of calcinrn Ís ån

i mportant cåLrse of the i ncreased bone resorptÍ on r n

*

ri
r[l

-ts4-



t
I

corticosteroi d osteoporosi s.

EONE F-OIIMÉ\I' ICIN Ii/ITË:

F{ei { enstei n ( 1c756 ) beI i evt-'cl that cor-t i coste,=rc:Í d

osteoporos j. s hrås cJlre to ån i mbel ånL.Ër be¡tween c*lt.lbol r c

(cortisol-Iil.le) and anabolic (androgen-lil': e) ei{ects ancl

thatr å€å å resnlt, there wås à decrease in the f or-rnatiorr of

the protein bone matri¡r. l-he bone {ormatiorr rate, rneastrr-ed by

lr i ç;tomorphomet r i c methods ( Jowsey and lli ggs 1l.g7e i Etrerssot et

aI o 1979i Hahn Et al , 1?i'9) or radi ol': i neti c rre+thodg (GaI l åqher

et al r 197:I; ) dc¡es åppeår to he redrrced i n cort i costeroi d

ersteoporosis and in vit-ro Ëtr-tcl res. sr-rppnll thi s; hypot-heçrs

(F'ecl: et al ,lc/ó7i Llhen e{.: .1 I ¡ 1g7gË Ëalr.r} isr 1.q¡ft]: ) .

-l"tre dat.a reportecl hc+r-e1 cle,r-ivr:cl {r-t_rnr É. radi,:[:: rnEtrr:

mÊäELlrement ltsi.nç 'Ll-re e;.lpandin-q pool model (L1ltr=i-,.rril;llaw,, 1.9É?) ?

corrfir-rn that t-he bone {ormetion rete j.s clÉcreased dnrinq

corticosteroid therapy. The mineral. i;.etion rate wås åú11å nrg

of calcir-.rm per day in 18 cort-ico=teroid treated patients and

1ÏB{-17 rng Ca per day in l;B postrnenapaursal asteoporotic ÞJornen

nt:t on cort- i costeroi ds ( p.'i t-r, (:) 1 ) .

rn ? patients treated for f: months with nandr-o1one

decartoate 5C) rng intrarnursclrlarly every I weË[:: s, there wås crr-r

irrcrease in the bone f orrnation rate {rom 4E!_r7 mgrd to |j;4+-:r-/

mg,/d (p':l(t. ü2) , i ndi c.eti ng that the abnormal i ty coerl d be

responsive tm anabolic agents. Thrs re[,: indled Ínterest in
Reifenstein's Jr_r yÊrcrr old impressions and raised the qurestÍon

whetlrer Ëclmcl o{ the decrease in bone {:ormation miqht be

caltsed by the slrppr-essi on of adrenal androgen prodlrct i on

whi ch accompanÍ es corti costeroi d therapy. Low adrenalI

*

:'l
rùt
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åndrogenË have been {ourncl in osteoporotic patient= not on

corti costeroi dgi by oltr grclLrÞ prevì. oursl y (Nordi n et aI , 1ct85) .

Ër'tlbher e)íperrrnents were per{orme-d to see j.+ {:l¡e increase
in bone f ormatiolr rat-e af ter- n.ìndrolone tlrer-apy cor-rld lrave a

beneiicial e+{ect on the bclrre rnineral fnä.;tJ. Ësr ttri,: pLrrpos,e

sÊqLtenti aI rneåELrrernents o{ f orearm mi neral densi ty were

per{ormed, in :1,(:) corticci=teroid treated patientsr on the
MoI sgaard Bone Mi neral Anal yger . -l 

h i s i nsLrurment mëagiLrr'Êls ilre
absorption o{ 1:ÈciI gafnfnå rå.)/s on ó scåns åtrrcjg;s the for-earrn

wj.th ån over-alI imprecision o{ CJ.i"/. CV. In å cross-.L'}vËr str-rdy

pati errts were observed duri ng å coLrrse of nandrol one or

dlrr i ng ån ad j.rcent control per i od .

IJltring n'rndrcrlone thei'apy t-he pati.ents gaÍned br¡ne ¡1rr¡errai

at å rneån rate of 1.6+(i.6 mg/ntIlmorrtl-r (p.':.(-).()5). DL.rr'Íng the
control period there alas å rnecìn ic¡ss o{ 1..1;+(_i.:i; nig.r'm1,,mmnth

(p'1.o.(1 1) ' Tlre dÍf f Frentre betwet+n t-he ^î observation peri ods

wäs hiqhly sj.gnj.f j cant (p.,::r:r, (l(:)1 ) "

Methods of i dent- i f yi ng pat i ents r,.¡i l-h ä decreased bone

{ormatiorr rate now need t-o be f lrrtlrer developed ås they rnåy

be ursefurl in selecting patients for- anabolic hormone therapy-

-gó-
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