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Poznaniu

The effect of clodronate on bone 
mineral density and serum osteocalcin 
in postmenopausal women with 
osteopenia – a prospective, randomized,
placebo-controlled study
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Summary

Background. The efficacy of bisphosphonates in treatment of established osteoporosis has been well-docu-

mented; less data have been published on their efficacy in the prophylaxis of postmenopausal bone loss in

women with osteopenia. The aim of study was to evaluate the effect of clodronate on bone loss in early post-

menopausal women with vertebral osteopenia. 

materials and methods. Forty five women aged 52.3±3.8 yr with a lumbar spine (Spine) t-score between 

-1 and -2.5 SD received clodronate 400 mg/day or placebo for 12 months. Bone mineral density (BMD) was

measured by DXA in Spine and femoral neck (Femur). Serum osteocalcin (OC) was assessed by RIA. BMD and

OC were measured at the baseline, after 1 year of treatment and after further 1 and 2 years of follow-up. 

results. BMD slightly decreased in clodronate group: Spine by 0.2% after 1 year (N.S.), 0.5% after 2 years

(N.S.) and 0.9% after 3 years (P<0.05 vs. placebo group); Femur by 0.2%, 0.9% and 1.3% (N.S.). OC did not

change in placebo group but significantly decreased in clodronate group (15.2%; P<0.05). 

Conclusions. Clodronate 400 mg daily given postmenopausal women with osteopenia is effective in de -

creasing OC but an effect on BMD is just detectable and its clinical significance is unclear.
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BACKGRouND

Wi thin the past de ca de, oste opo ro sis has be en re -

ce iving in cre ased at ten tion as a di se ase en ti ty of gro -

wing pro por tion. Sin ce the in tro duc tion of alen dro na -

te in the mid 1990s, bi spho spho na tes (BPs) re vo lu -

tio ni zed the tre at ment of oste opo ro sis. BPs are po tent

an ti re sorp ti ve com po unds, which bind to bo ne and

de cre ase oste oc last -in du ced bo ne re sorp tion, and are

cur ren tly wi de ly used for tre at ment of es ta bli shed

oste opo ro sis. Ho we ver, da ta from the NO RA Stu dy,

a lon gi tu di nal, ob se rva tio nal stu dy of mo re than

200,000 post me no pau sal wo men not pre vio usly dia -

gno sed with oste opo ro sis, sho wed that al most three

qu ar ters of the new frac tu res oc cur red in tho se wo men

who we re not oste opo ro tic by cur rent gu ide li nes and

most of frac tu res af fect in di vi du als with oste ope nia

[1]. So me of the ear lier stu dies sug gest that the ef fects

of BPs on bo ne mass ga in and re duc tion of frac tu re ra -

te in ver se ly cor re la te with a ba se li ne bo ne mi ne ral den -

si ty (BMD) [2, 3, 4]. Clo dro na te is a first ge ne ra tion bi -

spho spho na te, used suc cess ful ly for tre at ment of oste -

oly tic tu mor -in du ced bo ne di se ase, Pa get's di se ase and

non -tu mor -in du ced hy per cal ce mia [5]. Re cent stu dies

sho wed that oral clo dro na te 800 mg da ily gi ven for

three years re du ces the new ver te bral frac tu re risk in

wo men with post me no pau sal or se con da ry oste opo ro -

sis [6] and is ef fec ti ve in in cre asing BMD and re du cing

bo ne tur no ver in post me no pau sal wo men [7].

The aim of the pre sent stu dy was to eva lu ate in

a pro spec ti ve, ran do mi zed, do uble blind and pla ce bo -

-con trol led cli ni cal trial whe ther clo dro na te pre vents

bo ne loss and de cre ases bo ne tur no ver in he al thy, ear -

ly post me no pau sal wo men with ver te bral oste ope nia. 

MATERiAL AND ME THoDS

Stu dy sub jects

The stu dy was per for med on 45 wo men with ver -

te bral oste ope nia. To be eli gi ble they had to be 45

years or mo re of age and 1-5 years after na tu ral me -

no pau se. Wo men with the con co mi tant di se ases in

the hi sto ry or ta king me di ca tions that mi ght af fect

bo ne me ta bo lism we re not en rol led to the stu dy. They

had to ha ve a lum bar spi ne (Spi ne) BMD va lue be -

twe en -1 and -2.5 stan dard de via tion be low the me an

of he al thy young fe ma les, ac cor ding to the WHO

clas si fi ca tion of oste ope nia [8]. The pro to col was ap -

pro ved by the ethics com mit tee at each cen ter, and all

wo men ga ve writ ten in for med con sent.

me asu re ments

He ight and we ight we re me asu red wi tho ut sho es;

he ight was me asu red with a sin gle fi xed sta dio me ter,

and we ight was me asu red on a stan dard cli ni cal ba -

lan ce. Bo dy mass in dex was cal cu la ted as we ight (ki -

lo grams) di vi ded by he ight squ ared (me ters squ ared).

BMD of the L1 -L4 Spi ne and the fe mo ral neck

(Fe mur) we re me asu red by du al -ener gy -x -ray ab -

sorp tio me try (GE Lu nar, Ma di son, WI) using the me -

dium scan mo de. BMD va lu es we re expres sed in

grams per cen ti me ter squ ared and as t -sco res. The co -

ef fi cient of va ria tion of BMD at our in sti tu tion de ter -

mi ned in pe ri me no pau sal wo men is 1.6 at the lum bar

spi ne and 1.3% at the pro xi mal fe mur. 

Chan ges in bo ne tur no ver we re eva lu ated by mo -

ni to ring se rum oste ocal cin (OC), as ses sed by RIA (In -

c star Cor po ra tion, Stil l wa ter, MN; nor mal ran ge: 2.7-

11.5 ng/ml). In all the wo men OC was me asu red in one

batch in se rum that had be en tha wed for the first ti me.

The in tra - and in te ras say CVs we re be low 10%.

BMD and se rum OC we re as ses sed at the ba se li -

ne, after 12 mon ths of tre at ment and after 24 and 36

mon ths of the fol low -up.

Me asu re ments of the sa fe ty of tre at ment in c lu ded

se rum cal cium (ad ju sted for al bu min), se rum pho spha -

te, and in di ces of he ma to lo gi cal, he pa tic, and kid ney

func tion at en try and at re gu lar in te rvals the re after. 

Stu dy de sign

This was a pro spec ti ve, do uble -blind, ran do mi zed

and pla ce bo con trol led stu dy, per for med in two cen -

ters: Szcze cin and War saw. Sub jects we re ran dom ly

al lo ca ted to tre at ment gro ups to re ce ive pla ce bo

or 400 mg of clo dro na te (Bo ne fos, Le iras Oy, Fin -

land) da ily for 12 mon ths. The ran do mi za tion was

do ne with a ran dom per mu ted blocks se pa ra te ly for

each cen ter and the me di ca tion for each pa tient was

sup plied by Le iras Oy. Stu dy drugs we re gi ven in the

eve ning 2 ho urs away from me als swal lo wed with

a glass of wa ter, as sug ge sted in ear lier re port [7]. No

other me di ca tions, fo od or drink we re al lo wed to be

ta ken at the sa me ti me as the stu dy drug. Cal cium

sup ple men ta tion (400 mg of ele men tal cal cium da ily)

was gi ven to eve ry pa tient in the mor ning. Pa tients

who com ple ted the tre at ment pha se con ti nu ed the 2-

year fol low -up. In exten sion pe riod pa tients from

both gro ups re ce ived on ly cal cium sup ple men ta tion

in the sa me do se. 

Sta ti sti cal ana ly sis 

The re sults we re expres sed as the me an ± SD, as -

su ming P < 0.05 as a si gni fi cant dif fe ren ce be twe en

me ans. Pro spec ti ve da ta we re ana ly zed with the ana -

ly sis of va rian ce for re pe ated me asu re ments (ANO -

VA). The dif fe ren ces be twe en me ans in both tre at -

ment gro ups we re te sted by Wil co xon test or Mann -

-Whit ney non -pa ra me tric U test as ap pro pria te. 
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RE SuLTS

Cli ni cal cha rac te ri stics, BMD va lu es and se rum

OC are sum ma ri zed in Ta ble 1. The re we re no si gni -

fi cant dif fe ren ces be twe en the stu died pa ra me ters in

both tre at ment gro ups. Du ring 12 mon ths of tre at -

ment, Spi ne BMD de cre ased by 0.99% in the pla ce -

bo gro up and by 0.2% in the 400 mg clo dro na te gro -

up. Du ring a fol low -up pe riod, a fur ther and si gni fi -

cant de cre ase of Spi ne BMD after 24 mon ths

(1.8±0.2%; P<0.05) and after 36 mon ths (2.2±0.3%;

P<0.05) in the gro up re ce iving pla ce bo was ob se -

rved. The re we re no dif fe ren ces of Spi ne BMD be -

twe en both gro ups of wo men du ring 12 mon ths of

tre at ment but du ring the 2-year fol low -up the 400 mg

clo dro na te gro up had si gni fi can tly hi gher BMD in

com pa ri son with the gro up re ce iving pla ce bo

(Fig. 1). Fe mur BMD sli gh tly de cre ased in both gro -

ups but the dif fe ren ces we re not sta ti sti cal ly si gni fi -

cant. Du ring 36 mon ths me an se rum OC re ma ined

sta ble in the pla ce bo gro up (Fig. 2), but si gni fi can tly

de cre ased after 12 mon ths of tre at ment with clo dro -

na te, and this ef fect ma in ta ined for 12 mon ths after

ces sa tion of tre at ment.

Tre at ment with clo dro na te was well to le ra ted and

no se rio us ad ver se events oc cur red du ring tre at ment

and after tre at ment wi th dra wal. Mild ga stro in te sti nal

si de ef fects, in c lu ding ab do mi nal pa in and dys pep sia,

we re re por ted spo ra di cal ly. The re we re no cli ni cal ly

si gni fi cant ef fects of clo dro na te on he ma to lo gi cal or

bio che mi cal in di ces of sa fe ty. 
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Fig. 1. Changes of bone mineral density in the lumbar spine and femoral neck during treatment with clodronate or

placebo (months 0-12) and withdrawal of treatment (months 12-36)

Tab. 1. Baseline characteristics of women receiving clodronate and placebo



Di SCuS SioN

Our stu dy de mon stra tes that in ear ly post me no -

pau sal wo men with new ly iden ti fied ver te bral oste -

ope nia, clo dro na te in a da ily do se of 400 mg ef fec ti -

ve ly re du ce bo ne tur no ver as as ses sed by chan ges in

se rum OC. Al tho ugh the me an BMD in cre ased in the

clo dro na te gro up and was si gni fi can tly hi gher in

com pa ri son with the con trols, clo dro na te the ra py fa -

iled to in cre ase spi nal BMD si gni fi can tly at 12 mon -

ths of tre at ment. It has be en sug ge sted that one to

three years of the ra py with clo dro na te si gni fi can tly

in cre ase spi nal BMD [6, 7, 9, 10, 11]. On the con tra -

ry, the re sults of so me ear lier stu dies [12, 13, 14, 15]

are con si stent with our fin dings that the ef fect of clo -

dro na te on the spi ne BMD is re la ti ve ly low, much

less than the ef fects of ano ther BPs – alen dro na te

[12, 16], ri se dro na te [2, 12], pa mi dro na te [3] or iban -

dro na te [17], whe re bo ne mass ga in re aches ap pro xi -

ma te ly 3-7%/year. So me of the se di scre pan cies mi -

ght be expla ined, at le ast par tial ly, by dif fe rent tre at -

ment re gi mens ap plied – dif fe rent cyc li cal do sing re -

gi mens [7, 9, 11, 14], con ti nu ous oral ad mi ni stra tion

[6, 10, 14] or clo dro na te gi ven pa ren tal ly in va ry ing

do ses [12, 13, 15]. Ho we ver, Tsai et al. [14] in a ran -

do mi zed stu dy com pa red the ef fi ca cy of cyc lic and

con ti nu ous oral ad mi ni stra tion of clo dro na te in 54

new ly iden ti fied oste ope nic post me no pau sal wo men,

and fo und that clo dro na te was not ef fec ti ve in de cre -

asing post me no pau sal bo ne loss at va rio us si tes, re -

gar dless of the tre at ment re gi men. 

It has be en sug ge sted that the ef fect of BPs on bo -

ne mass de pends on the in i tial BMD [3, 18]. Most of

stu dies on the ef fi ca cy of dif fe rent BPs we re per for -

med on post me no pau sal wo men with oste opo ro sis,

ac cor ding to WHO cri te ria, and this is much less evi -

dent in wo men with nor mal or on ly sli gh tly de cre -

ased BMD [18]. Our re sults are con si stent with the se

ob se rva tions. On the con tra ry, McC lo skey et al. [6]

fo und that an ti frac tu re ef fi ca cy and po si ti ve ef fect of

clo dro na te on the bo ne mass is in de pen dent of the

un der ly ing BMD, at le ast in wo men with es ta bli shed

oste opo ro sis. 

Our re sults in di ca te that after di scon ti nu ation of

clo dro na te tre at ment, the post me no pau sal BMD de -

cre ase at the lum bar spi ne was si gni fi can tly di mi ni -

shed for a pe riod of the 2-year fol low -up in com pa ri -

son with the pla ce bo gro up. This fin ding was cle ar ly

de mon stra ted with other BPs [3, 5, 19], and less in -

ve sti ga ted with clo dro na te. The re ason of this phe no -

me non is that BPs ha ve a long re si den ce ti me in bo -

ne and the re fo re they ac cu mu la te in bo ne up to 30

years [3, 5]. In hi bi tion of bo ne re sorp tion is su sta ined

for at le ast se ve ral years after ces sa tion of the ra py, il -

lu stra ting that BPs re le ased from the ma trix du ring

bo ne re mo de ling ef fec ti ve ly in hi bit oste oc la sts, as it

has be en well do cu men ted for alen dro na te [19]. 

In the pre sent stu dy, the clo dro na te's bo ne -spa ring

ef fects did not dif fer from pla ce bo at the fe mo ral

neck. This fin ding is con si stent with pre vio us re ports

and se ems to be in fe rior to tho se ob ta ined with other

BPs [5, 7, 13, 14].

The re ha ve be en no pre vio us stu dies on the ef fect

of clo dro na te di scon ti nu ation on se rum OC in post -

me no pau sal wo men. Our stu dy de mon stra ted that se -

rum OC si gni fi can tly de cre ased du ring tre at ment and

this ef fect ma in ta ined for 12 mon ths after di scon ti nu -

ation of clo dro na te. In the on ly stu dy as ses sing the

in flu en ce of long term tre at ment with clo dro na te on

se rum OC, Mo ra bi to et al. [15] re por ted a sli ght de -

cre ase of OC after 12 and 24 mon ths of 100 mg clo -

dro na te gi ven in tra mu scu lar ly eve ry 10 days in young

pa tients with tha las se mia -in du ced oste opo ro sis. To -

ge ther with the re sults of pre vio us stu dies re por ting
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Fig. 2. Changes of serum osteocalcin during treatment with clodronate or placebo 



the si gni fi cant ef fect of clo dro na te on mar kers of bo -

ne tur no ver: uri na ry excre tion of ty pe I col la gen ami -

no ter mi nal (NTX) and car bo xy ter mi nal (CTX) te lo -

pep ti des [7, 14], py ri di no li ne and de oxy py ri di no li ne

[13], se rum con cen tra tion of pro col la gen I car bo xy -

ter mi nal pro pep ti de (PICP) [20] or hy dro xy pro li ne

excre tion [20], our re sults in di ca te that long -term the -

ra py with clo dro na te si gni fi can tly in hi bits bo ne tur -

no ver, re gar dless of do se and ro ute of ad mi ni stra tion.

This is an im por tant fin ding, sin ce frac tu re pre ven -

tion by BPs and other an ti re sorp ti ve agents is cor re -

la ted much bet ter with re duc tion in mar kers of bo ne

tur no ver that with ga in in BMD [21, 22]. 

Our re sults con firm the pre vio us re ports that tre -

at ment with clo dro na te is well to le ra ted, with no si -

gni fi cant ad ver se events at tri bu ta ble to the the ra py

[6, 7, 9, 11, 14]. 

CoNCLuSioN

Clo dro na te 400 mg da ily gi ven post me no pau sal

wo men with oste ope nia is ef fec ti ve in de cre asing OC

but an ef fect on BMD is just de tec ta ble and its cli ni -

cal si gni fi can ce is un c le ar. 
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