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Sazetak

Uvod: Poremedaj koStanog metabolizma je Cesta pojava u kroni¢nom bubrez-
nom zatajivanju koje se lijeci kroni¢cnom dijalizom i presadivanjem bubrega.
Ovo stanje obiljeZava ubrzana ili usporena kostana pregradnja s posljedi¢nim
nastankom osteopenije ili osteoporoze i povecanog rizika prijeloma. Mjere-
nje biokemijskih pokazatelja koStane pregradnje omogucuje neizravan uvid
u kostanu pregradnju i njene promjene u tijeku ove bolesti. U ovom smo is-
traZivanju izmjerili pokazatelje kostane izgradnje i razgradnje u bolesnika na
kroni¢nom lijecenju dijalizom i u onih s presadenim bubregom, a rezultate
analizirali s obzirom na cimbenike rizika ovog stanja, i to: koncentraciju pa-
ratireoidnog hormona (PTH), Zivotnu dob, spol, trajanje lijecenja dijalizom i
razdoblje nakon transplantacije.

Materijali i metode: u 79 bolesnika (50 muskaraca, 29 Zena) na kroni¢nom
lijecenju dijalizom i 36 bolesnika (20 muskaraca, 16 Zena) s presadenim bub-
regom u krvi je izmjerena kostana alkalna fosfataza (engl. bone alkaline phos-
phatase, BALP) kao pokazatelj izgradnje, G-terminalni telopeptid kolagena
tip | (CTX, engl. crosslaps) kao pokazatelj kostane razgradnje i intaktni PTH
komercijalnim kompletima reagensa. Klinicki podaci su ukljucili dob, trajanje
lijecenja dijalizom i razdoblje nakon transplantacije.

Rezultati: U bolesnika na kronicnom lijecenju dijalizom je kostana alkalna
fosfataza bila statisticki znacajno niza (18,27 IU/L, p<0,0005), a CTX (1,85
ug/L, p<0,0005) i PTH (21,99 pmol/L, p<0,001) visi u odnosu na holesnike
s presadenim bubregom (CTX 1,18 ug/L, PTH 6,34 pmol/L, BALP 45,78 IU/L).
U obje skupine je trajanje dijalize koreliralo znacajno i pozitivno s kostanom
alkalnom fosfatazom (pacijenti na hemodijalizi r=0,318, p=0,005, pacijenti
sbubreznim presatkom r=0,488, p=0,003) i C-terminalnim telopeptidom (pa-
cijenti na hemodijalizi r=0,338, p=0,002, pacijenti s bubreznim presatkom
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Abstract

Background: Chronic kidney failure treated by chronic dialysis and kidney
transplantation is characterised by disorder of bone metabolism and high or
low bone turnover, resulting in osteopenia/osteoporosis and increased fractu-
re risk. Measurement of bone markers enables indirect insight into the rate of
bone remodeling and its changes in the course of disease. In this study bone
formation and bone resorption markers were measured in patients on chro-
nic hemodialysis treatment and in kidney transplant recipients with regard to
specific risk factors of this metabolic bone disorder, i.e. parathyroid hormone
levels (PTH), age, sex, hemodialysis duration and post-transplant period.

Materials and methods: Blood samples were obtained from 79 patients
(50 men, 29 women) on chronic hemodialysis and 36 patients (20 men, 16 wo-
men) with kidney transplant for measurement of bone alkaline phosphatase
(BALP) as a bone formation marker, G-terminal telopeptide of collagen type |
(crosslaps) as a bone resorption marker and intact PTH by commercial kits. Da-
ta on age, duration of hemodialysis and post-transplant period were included
as risk factors for bone disorder.

Results: Patients on chronic hemodialysis had significantly higher crossla-
ps (1.85 ug/L, p<0.0005) and PTH (21.99 pmol/L, p<0,001), and lower BALP
(18.27 1U/L, p<0.0005) in comparison to kidney transplant recipients (cros-
slaps 1.18 ug/L, PTH 6.34 pmol/L, BALP 45.78 IU/L). In both patient groups
hemodialysis duration correlated significantly and positively with BALP (he-
modialysis patients r=0.318, p=0.005, kidney transplat recipients r=0.488,
p=0.003) and crosslaps (hemodialysis patients r=0.338, p=0.002, kidney
transplant recipients r=0.365, p=0.03), and in hemodialysis patients with
PTH (r=0.255, p=0.03). A statistically significant and positive correlation exis-
ted for both patient groups between PTH and BALP (hemodialysis patients

Received: June 6, 2006.

Prihvaceno: 14. rujna 2006.

Accepted: September 14, 2006.

Biochemia Medica 2006,16(2)89-228

137



ZupanicD. i sur.

Kostani biljezi u bubreznoj osteodistrofiji

Zupani¢D. et al.

r=0,365, p=003), a u bolesnika na dijalizi i s koncentracijama PTH (r=0,255,
p=~0,03). Statisticki znacajna i pozitivna korelacija postojala je u obje skupi-
ne izmedu PTH i koStane alkalne fosfataze (pacijenti na hemodijalizi r=0,522,
p=0,0005, pacijenti s bubreznim presatkom r=0,456, p=0,02), ko$tane alkal-
ne fosfataze i CTX (pacijenti na hemodijalizi r=0,459, p=0,0005, pacijenti s
bubreznim presatkom r=0,593, p=0,0005), a samo u bolesnika na dijalizi
izmedu PTH i CTX (r=0,323, p=0,004). U bolesnika s presadenim bubregom
je razdoblje nakon transplantacije koreliralo znacajno i negativno s (TX
(r=-0,479, p=0,004). Bolesnici na dijalizi bili su znacajno stariji (61 godina,
p=0,0005) i znacajno dulje lijeceni dijalizom (79 mjeseci, p=0,04) nego oni
s presadenim bubregom (dob 46 godina, lijecenje dijalizom 55 mjeseci). Nije
bilo razlike izmedu spolova za parametre ispitivane u ovom istraZivanju.

Zakljucak: Kostana pregradnja, a osobito razgradnja, bila je ubrzana u obje
skupine bolesnika. Trajanje lijecenja dijalizom i koncentracija PTH pokazali su
se kao rizi¢ni cimbenici ubrzane kostane pregradnje u ovih bolesnika, a pobolj-
Sanje je ovisilo o vremenu proteklom nakon transplantacije. Spol i dob nisu
bili povezani s poremecajem kostane pregradnje. Mjerenje biokemijskih poka-
zatelja kostane pregradnje i PTH vazne su laboratorijske pretrage u procjeni i
pracenju kostanog poremecaja bolesnika na kroni¢nom lijecenju dijalizom i
nakon transplantacije bubrega.

Kljucne rijeci: biokemijski pokazatelji koStane pregradnje, koStani metaboli-
zam, bubreZna osteodistrofija

Uvod

Poremecaj koStanog metabolizma pojavljuje se u vedi-
ne bolesnika s kroni¢nim zatajivanjem bubrega lijecenih
kroni¢nom dijalizom ponajprije zbog poremecene sinte-
ze kalcitriola te povecanog lucenja paratiroidnog hormo-
na (PTH) (1,2,3). Ostali ¢imbenici, tj. cimbenici regulacije
kostanog metabolizma, takoder su ukljuceni, primjerice
kostani morfogenetski proteini i osteoprotegerin (4). Ti-
jek bolesti i lijecenje djeluju na vrstu poremecaja kostane
pregradnje, uz posljedi¢nu bilo poja¢anuiili snizenu kosta-
nu pregradnju (5). Karakteristike pojacane kostane preg-
radnje su pojacana i ubrzana izgradnja kostiju te vrlo brza
kostana razgradnja (6,7). Posljedice na koStani sustav su
veci kostani volumen, izgradnja neadekvatne (engl. wo-
ven) kosti, povecana i intratrabekularna razgradnja, a one
dovode do osteopenije ili osteoporoze uz povecan rizik
prijeloma (8,9). Osteomalacija ili adinami¢na kost karak-
terizirana je niskom kostanom pregradnjom, tj. zaustav-
ljenim obnavljanjem kostanog tkiva i popravkom mikro-
prijeloma, te posljedi¢nim povecanim rizikom prijeloma
(9). Trajanje zatajivanja bubrega i lijecenja dijalize, lu¢enje
PTH te njegova terapijska kontrola vazne su odrednice
tog kostanog poremecaja.

Nakon uspjesnog presadivanja bubrega vecina je meta-
bolickih poremedaja rijeSena, no normalizacija paratiroid-
ne hipersekrecije te poremecaja kostanog metabolizma
moze trajati 2-4 godine (2,10,11,12). Povecana pregradnja
kostiju u bolesnika s presatkom bubrega povezana je s tra-
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r=0.522, p=0.0005, kidney transplant recipients r=0.456, p=0.02), BALP and
crosslaps (hemodialysis patients r=0.459, p=0.0005, kidney transplant reci-
pients r=0.593, p=0.0005), and in hemodialysis patients also between PTH
and crosslaps (r=0.323, p=0.004). In kidney transplant recipients crosslaps
correlated negatively with post-transplant period (r=-0.479, p=0.004). Pa-
tients on chronic hemodialysis were significantly older (61 years, p=0.0005)
and were significantly longer treated by hemodialysis (79 months, p=0.04)
as compared to the kidney transplant recipients (age 46 years, dialysis treat-
ment 55 months). No difference in data existed between sexes in both patient
groups.

Conclusions: Bone turnover was increased in both patient groups, in parti-
cular bone resorption. Duration of hemodialysis and PTH were recognised as
determinants of increased bone turnover in both groups, and normalization
of bone resorption was related to post-transplantation period. In this bone
disorder sex and age were not established as risk factors for impaired bone
turnover. Measurement of bone markers together with PTH is a useful clinical
tool in assessment and follow-up of metabolic bone disorders of chronic he-
modialysis treatment and kidney transplantation.

Key words: bone markers, bone metabolism, renal osteodystrophy

Introduction

Metabolic bone disorder occurs in most patients with
chronic kidney failure treated by chronic dialysis primarily
due to impaired calcitriol synthesis and increased secre-
tion of parathyroid hormone (PTH) (1,2,3). Other factors,
i.e. bone regulatory proteins, have also been implicated,
e.g. bone morphogenetic proteins and osteoprotegerin
(4). The course of the disease and treatment has an effect
on the type of bone turnover disorder, resulting in either
high or low bone remodeling (5). High bone turnover is
characterized by increased and accelerated bone forma-
tion, and high bone resorption rate (6,7). The consequen-
ces on the skeletal system are greater osteoid volume,
formation of woven bone, increased and intratrabecular
resorption leading to osteopenia or osteoporosis with
greater fracture risk (8,9). Osteomalacia or adynamic bo-
ne are characterised by low bone turnover, i.e. arrested re-
newal of bone tissue and microfracture repair also resulti-
ng in increased fracture risk (9). Duration of kidney failure
and dialysis treatment, PTH secretion and its therapeutic
control are important determinants of this bone disorder.
After successful kidney transplantation most metabolic
disturbances are resolved, but normalization of parat-
hyroid hypersecretion and disorder of bone metabolism
may take 2-4 years (2,10,11,12). Increased bone turnover in
kidney transplant recipients is related to previous dialysis
duration, PTH levels and the time since transplantation.
The main condition is additionally aggravated by immu-
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janjem prethodne dijalize, koncentracijama PTH te vreme-
nu od presadivanja. Osnovno je stanje dodatno otezano
imunosupresivima i kortikosteroidima, tj. lijekovima koji
su Stetni za cjelovitost skeleta i koji se primjenjuju u raz-
doblju nakon presadivanja (npr. 13,14,15,16).

Procjena stanja skeleta i kostanog poremecaja u bolesni-
ka na kroni¢noj dijalizi i onih s presatkom bubrega posti-
Ze se mjerenjem mineralne gustoce kosti, histoloskom/
histomorfometrijskom analizom biopsije kosti, te odredi-
vanjem biokemijskih pokazatelja kostane pregradnje (17).
Produkti kostanih aktivnosti mjere se u serumu i mokra-
¢i radi pokazatelja kostane izgradnje i razgradnje. Istrazi-
vanje kostanih biljega uglavnom je ukazalo na pojacanu
kostanu pregradnju u bolesnika na lije¢enju dijalizom kao
i onih s presatkom bubrega (7,18,19,20). Usporedba kosta-
nih biljega i histoloskih nalaza kosti naznacila je da bi kos-
tani poremecaj karakteriziran visokom pregradnjom kosti-
jumogao biti otkriven kostanim biljezima (21,22,23,24,25).
U slucaju snizene ko3tane pregradnje mjerenje normalnih
ili snizenih razina kostanih biljega nije bilo prihvaceno za
dijagnosticiranje tog stanja. Studije o klinickoj iskoristi-
vosti kostanih biljega u bolesnika na kroni¢nom lije¢enju
dijalizom i onih s presatkom bubrega razlikuju se ovisno
o odredenim kostanim biljezima i karakteristikama boles-
nicke populacije. Kako bismo pridonijeli boljem razumije-
vanju ovoga kostanog poremecaja, cilj je ove studije bio
analizirati biljege kostane izgradnje i razgradnje u dvije
odvojene skupine bolesnika, tj. u bolesnika na kroni¢nom
lijecenju hemodijalizom i bolesnika nakon presadivanja
bubrega, a s obzirom na specifi¢cne ¢imbenike rizika za po-
remecaj kostanog metabolizma.

Materijali i metode

Uzorci krvi bili su prikupljeni tijekom rutinskog pracenja
koStanog poremecaja u 79 bolesnika (50 muskaraca, 29
zena) na kroni¢noj hemodijalizi, te 36 bolesnika (20 mus-
karaca, 16 zena) s postojanim presatkom bubrega. Biopsi-
ja kosti nije provedena u tih bolesnika, no klini¢ki podatci
nisu ukazali na adinamic¢nu bolesti kosti. Nijedan bolesnik
nije imao Secernu bolest. Uzorci krvi uzeti su nakon 12-
satnog gladovanja te prije lijeCenja hemodijalizom u bo-
lesnika sa zatajivanjem bubrega, serumi su odvojeniizam-
rznuti (-20 °C) do analize najdulje jedan mjesec. U ovom
su ispitivanju koristeni uzorci seruma preostali nakon ru-
tinskih biokemijskih pretraga za pracenje bolesnika.
Bolesnici na hemodijalizi bili su podvrgnuti 4-satnoj tera-
piji po presadivanju bubrega triput tjedno, a koncentraci-
ja kalcija u dijalizatu bila je u prosjeku 1,50 mmol/L (ras-
pon 1,25-1,75 mmol/L). Standardna terapija za te bolesni-
ke ukljucivala je fosfatna veziva (kalcijev karbonat, Sevela-
mer hidroklorid) i/ili kalcitriol prema klinickim zahtjevima
i laboratorijskim pretragama.

Bone markers in renal osteodystrophy

nosuppressives and corticosteroids, the drugs delete-
rious to skeletal integrity which are administered in the
post-transplant period (e.g. 13,14,15,16).

Assessment of the skeletal status and bone disorder in pa-
tients on chronic dialysis and kidney transplant recipients
is accomplished by measurement of bone mineral densi-
ty, histologic/histomorphometric analysis of bone biopsy
and determination of biochemical bone markers (17). Pro-
ducts of bone cell activities are measured in serum and
urine for indicators of bone formation and bone resor-
ption. Investigation of bone markers has mostly shown in-
creased bone turnover in patients on dialysis and also in
kidney transplant patients (7,18,19,20). Comparison of bo-
ne markers and bone histology indicated that the bone
disorder characterized by high bone turnover could be
established by bone markers (21,22,23,24,25). In the case
of low bone turnover, measurement of normal or decrea-
sed levels of bone markers was not found acceptable for
diagnosis of this condition. The reports on clinical utility
of bone markers in patients on chronic dialysis treatme-
nt and kidney transplant recipients differ depending on
bone markers measured and patient population characte-
ristics. In order to contribute to the better understanding
of metabolic bone disorder, the aim of this study was ana-
lysis of bone formation and bone resorption markers in
two separate groups of patients, those on chronic hemo-
dialysis treatment and after kidney transplantation with
regard to specific risk factors of this disorder.

Materials and methods

Blood samples were collected in the course of routine mo-
nitoring of bone disorder in 79 patients (50 men, 29 wo-
men) on chronic hemodialysis and 36 patients (20 men,
16 women) with stable kidney transplant. Bone biopsy
was not performed in these patients, but clinical data did
not indicate adynamic bone. None of the patients had dia-
betes. Blood was withdrawn after an overnight fast and
before hemodialysis treatment in patients with kidney
failure, the sera separated and stored frozen (-20 °C) till
assayed within one month of storage. The sera remaining
after routine biochemical tests for patient monitoring we-
re used in this investigation.

Hemodialysis patients underwent renal replacement
treatment for 4 hours 3 times a week, calcium concentra-
tion in dialysis fluid was on average 1.50 mmol/L (range
1.25-1.75 mmol/L). Standard therapy for these patients
included phosphate binders (calcium carbonate, Sevela-
mer hydrochloride) and/or calcitriol according to clinical
requirements and laboratory tests.

Immunosuppressive therapyin kidney transplantrecipien-
ts consisted of Cyclosporin A, prednisone and azatioprine
mofetil mycophenolate. The mean serum creatinine con-
centration for this patient group was 119.7 + 20.5 pmol/L

Biochemia Medica 2006,16(2)89-228

139



ZupanicD. i sur.

Kostani biljezi u bubreznoj osteodistrofiji

Zupani¢D. et al.

Imunosupresivna terapija u bolesnika s presatkom bubre-
ga sastojala se od ciklosporina A, prednizona i azatioprin-
mofetil-mikofenolata. Prosjecna koncentracija kreatinina
u serumu u toj skupini bolesnika bila je 119,7 + 20,5 pmol/
L (raspon 79-168 pmol/L), a klirens kreatinina 70,2 £13,5
mL/minuti (raspon 51-112 mL/minuti). Podatci o dobi, tra-
janju hemodijalize i poslijetransplantacijskom periodu za
bolesnike uklju¢ene u ovu studiju prikazani su u tablici 1.
U skupinama bolesnika nije bilo razlika izmedu spolova s
obzirom na dob, trajanje hemodijalize ili poslijetransplan-
tacijskog perioda (tablica 1).

TaBLIicA 1. Klini¢ki podatci za skupine bolesnika prikazani des-
kriptivhom statistikom (aritmeticka sredina = X, standardna de-
vijacija = SD, raspon).

Bone markers in renal osteodystrophy

(range 79-168 pmol/L) and creatinine clearance was 70.2
+13.5 mL/minute (range 51-112 mL/minute).

Data on age, duration of hemodialysis and post-transpla-
nt period for the patients comprised in this study are pre-
sented in Table 1. No difference existed between sexes
regarding age, hemodialysis duration or post-transplant
period for each group of patients.

The following biochemical parameters were measured by
commercial kits according to manufacturers’ recommen-
dations: intact PTH (iPTH, IBL, Germany, reference range
1-6 pmol/L; for dialysis patients approximately 3x upper

TasLE 1. Clinical characteristics of the studied patient groups as
presented by descriptive statistics (arithmetic mean = X, stan-
dard deviation = SD, range).

Chronic hemodialysis patients
X=SD (range)

Kidney transplant recipients
X4SD (range)

Age (years)
Hemodialysis treatment (months)

Post-transplant period (months)

61+14 (24-83)
79173 (6-341)

46%11(21-66)
55149 (4-218)
37456 (2-224)

Sljededi su biokemijski parametri mjereni komercijalnim
kompletima reagensa prema uputama proizvodaca: in-
taktni PTH (iPTH, IBL, Njemacka, referentni interval 1-6
pmol/L; priblizno trostruka vrijednost gornje granice re-
ferentnog intervala preporuca se za bolesnike na lijece-
nju dijalizom), kostana alkalna fosfataza (Ostase BAP, IDS,
Tyne&Wear, V. Britanija, granica referentnog intervala <22
IU/L) kao biljeg koStane izgradnje, te C-terminalni telopep-
tid kolagena tipa | (CTX) (Crosslaps Serum, Nordic Bios-
cience Diagnostics, Herlev, Danska, granica referentnog
intervala <0,9 ug/L) kao biljeg koStane razgradnje. U sluca-
ju razlicitih referentnih intervala s obzirom na spol, vrijed-
nosti za Zene u postmenopauzi koristene su kao najvisi re-
zultat u zdravih osoba.

StatistiCke su analize provedene uz uobicajeni statisticki
paket (Microsoft® Office Excell) koji ukljucuje opisnu sta-
tistiku, procjenu korelacije i regresije, te Studentov t-test
(dvosmijerni) za razliku izmedu prosjecnih vrijednosti uz
razinu znacajnosti p<0,05.

Rezultati

Podatci o PTH i kostanim biljezima nisu ukazali na razlike
nakon ispitivanja t-testom medu spolovima u svakoj sku-
pini bolesnika. Stoga su daljnje statisti¢cke analize prove-
dene za ¢itavu skupinu bolesnika na lije¢enju hemodijali-
zom te bolesnike s presatkom bubrega.

Biochemia Medica 2006;16(2)89-228

reference limit is recommended), bone alkaline phospha-
tase (Ostase BAP, IDS, Tyne&Wear, UK, reference limit <22
IU/L) as a bone formation marker, and C-terminal telopep-
tide of collagen type | (Crosslaps Serum, Nordic Bioscience
Diagnostics, Herlev, Denmark, reference limit <0.9 ug/L)
as a bone resorption marker. In case of different reference
ranges for sexes, the values for postmenopausal women
were used as the highest result in healthy individuals.
Statistical analyses were performed by a standard statis-
tical package (Microsoft® Office Excell) including descrip-
tive statistics, correlation and regression assessment, stu-
dent’s t-test (two-tail) for difference between means with
significance level p<0.05.

Results

Data on PTH and bone markers showed that no differen-
ce existed as tested by t-test between sexes in each of the
patient groups. Further statistical analyses were thus car-
ried out for the entire group of patients on hemodialysis
or kidney transplant recipients.

Based on the two tail test, patients on chronic hemodia-
lysis were significantly older (p=0.0005) and were signi-
ficantly longer treated by hemodialysis (p=0.04) as com-
pared to kidney transplant recipients. Differences in PTH
and bone marker levels were tested by t-test between
patient groups (Table 2). Patients on chronic hemodia-
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TABLICA 2. Rezultati t-testa izmedu podataka bolesnika na kro-
ni¢noj dijalizi i s presatkom bubrega prikazani aritmetickom sre-
dinom i standardnom devijacijom, velicinom skupine (n) i postot-
kom povisenih rezultata pretraga u zagradi. Vazna napomena
- gornja gradnica referentnog intervala za PTH u bolesnika na
dijalizi iznosi 18 pmol/L, a u onih s transplantiranim bubregom
6 pmol/L.

Bone markers in renal osteodystrophy

TABLE 2. Results of t-test between patients on chronic hemo-
dialysis and kidney transplant recipients. Data are presented as
mean and standard deviation, patient population size (n) and
percentage of increased values in brackets. Please note that in-
creased PTH for patients on chronic hemodialysis are greater
than 18 pmol/L and in kidney transplant recipients greater than
6 pmol/L.

Hemodialysis patients

Kidney transplant recipients

T-test (p value)

+ n=
PTH (pmol/L) 21.99+27.32; n=76

(35%)
+ ‘n=
BALP (IU/L) 18'27—(1265';3)' n=79
1.85+1.08; n=79
CTX (ug/L) (76%)

6.34+4.19; n=26

(429%) 0.001
45.78+43.79; n=36
(67%) 0.0005
1.18+0.71; n=36
(56%) 0.0005

Na temelju dvosmjernog testa (engl. two tail test) bolesni-
ci ukljuceni u kroni¢nu hemodijalizu bili su znacajno stariji
(p=0,0005) te znacajno dulje podvrgnuti lije¢enju hemodi-
jalizom (p=0,04) u usporedbi s bolesnicima s presatkom bub-
rega. Razlike u koncentracijama PTH i kostanih biljega bile
su ispitane t-testom izmedu skupina bolesnika (Tablica 2).
Bolesnici uklju¢eni u kroni¢nu hemodijalizu imali su zna-
¢ajno nizi BALP, visi CTX i PTH u usporedbi s bolesnicima s
presatkom bubrega (Slika 1).

Shematski prikazi takoder omogucuju zapazanje vecih ras-
ponaza PTHiCTX u bolesnika na hemodijalizi, dok su vari-
jacije slabije izraZzene u bolesnika s presatkom bubrega. U
dijelu bolesnika iz obje skupine PTH i kostani biljezi bili su
iznad gornje granice referentnog intervala, a postotci po-
visenih rezultata naznaceni su za svaki parametar i svaku
skupinu bolesnika u tablici 2. Visi postotci povisenih rezul-
tata utvrdeni su u bolesnika s presatkom bubrega za PTH
i BALP, a u bolesnika uklju¢enih u kroni¢nu hemodijalizu
za CTX. Kod vrednovanja rezultata PTH potrebno je uzeti
u obzir da su referentne granice bile razlicite, tj. priblizno
triput viSe za bolesnike uklju¢ene u kroni¢nu dijalizu. Proc-
jena korelacija je ucinjena radi ispitivanja odnosa izmedu
biokemijskih parametara i istrazivanih klini¢kih podataka.
U bolesnika na kroni¢noj hemodijalizi trajanje lije¢enja he-
modijalizom je znacajno i pozitivno koreliralo s PTH, BALP
i CTX. Za dob je utvrdeno da negativno korelira s CTX. Sta-
tisticki znacajne i pozitivne korelacije utvrdene su izmedu
PTH i BALP te CTX, kao i izmedu BALP i CTX. U bolesnika
s presatkom bubrega trajanje prethodne hemodijalize zna-
¢ajno je i pozitivno koreliralo s BALP i CTX, a poslijetransplan-
tacijski period negativno s CTX. Znacajna i pozitivna korelaci-
ja utvrdena je takoder izmedu biokemijskih parametara, tj.
izmedu PTH i BALP, te BALP i CTX. U tablici 3 prikazane su

lysis had significantly lower BALP, higher crosslaps and
PTH in comparison to kidney transplant recipients (Figu-
re 1). Graphic displays also enable observation of greater
ranges for PTH and crosslaps in patients on hemodialysis,
while variations are less pronounced in kidney transplant
recipients. In a proportion of patients in both patients
groups, PTH and bone markers were above the reference
range, and percentages of increased results were indica-
ted for each parameter and each patient group in Table
2. For PTH and BALP higher percentages of increased
results were found in kidney transplant recipients and
for crosslaps in chronic hemodialysis patients. When eva-
luating PTH results, it should be taken into account that
reference limits are different, i.e. approximately 3x higher
for chronic dialysis patients.

Correlations were assessed in order to examine relation-
ships between biochemical parameters and investigated
clinical data. In patients on chronic hemodialysis, the du-
ration of hemodialysis treatment correlated significantly
and positively with PTH, BALP and crosslaps. Age was
found to correlate negatively with crosslaps. Statistically
significant and positive correlations existed for PTH with
BALP and crosslaps, and BALP with crosslaps. In kidney
transplant recipients previous hemodialysis duration cor-
related significantly and positively with BALP and crossla-
ps, post-transplant period negatively with crosslaps. Bioc-
hemical parameters were also significantly and positively
correlated, PTH with BALP, and BALP with crosslaps. Only
statistically significant correlations and linear regression
equations for pairs significant in both patients groups are
presented in Table 3. Figures 2 and 3 show differences in
associations of analyzed parameters between the two pa-
tient groups. Relationship of BALP with hemodialysis du-
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SLIKA 1. Podaci za PTH, ko$tanu alkalnu fosfatazu i (3-crosslaps (CTX) FIGURE 1. Data on PTH, BALP and crosslaps were significantly different

staticki su se znacajno razlikovali izmedu bolesnika s transplantiranim between kidney transplant recipients (kidney transplant) and patients
bubregom (kidney transplant) i onih na kroni¢nom lijecenju dijalizom on chronic dialysis treatment (hemodialysis) as presented by box-and-
(hemodialysis) u grafickom prikazu box-and-whiskers. whiskers plots.
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TaBLIcA 3. Statisti¢ki znacajne korelacije izmedu parova pokaza-
telja prikazane koeficijentom korelacije (r) i razinom znacajnosti
(p) su za bolesnike na dijalizii one s presadenim bubregom. Jed-
nadzba linearne regresije je navedena samo za korelacije koje
su bile znacdajne za obje skupine bolesnika.

Bone markers in renal osteodystrophy

TasLE 3. Statistically significant correlations for pairs of parame-
ters in patients on chronic hemodialysis and kidney transplant
recipients presented by correlation coefficient (r) and level of
significance (p). Linear regression equations are included only
for pairs of variables found to correlate significantly for both pa-
tient groups.

Hemodialysis patients

Kidney transplant recipients

Correlating variables

r P r p
HD - BALP 0.318 0.005 0.488 0.003
HD - CTX 0.338 0.002 0.365 0.03
HD - PTH 0.255 0.03 / /
PTH - BALP 0.522 <0.001 0.456 0.02
PTH - CTX 0.323 0.004 / /
CTX-BALP 0.459 <0.001 0.593 <0.001
CTX-TX / / -0.479 0.004
CTX -age -0.479 <0.001 / /

HD - duration of hemodialysis, BALP — bone alkaline phosphatase, CTX - Crosslaps, PTH - parathyroid hormo-

ne, TX — duration of post-transplant period

samo statisticki znacajne korelacije te jednadzbe linearne
regresije za parove koji su bili znacajni u obje skupine bo-
lesnika. Slike 2 i 3 ukazuju na razlike u povezanosti s ana-
liziranim parametrima izmedu dvije skupine bolesnika.
Odnos izmedu BALP i trajanja hemodijalize ukazao je na
manji nagib pravca u bolesnika na kroni¢noj hemodijalizi
te naglo povisenje BALP u odnosu na ranije trajanje hemo-
dijalize u bolesnika s presatkom bubrega. Vise koncentra-
cije BALP u bolesnika s presatkom bubrega vec su prikaza-
ne na slici 1i u tablici 2. Porast CTX u odnosu na trajanje
hemodijalize pokazao se sli¢nim, no vise su vrijednosti za-
biljezene u bolesnika na kroni¢noj hemodijalizi (Slika 2).
U odnosima izmedu PTH i BALP te CTX i BALP zapazZeni
su razli¢iti obrasci povezanosti medu bolesnicima na kro-
ni¢noj hemodijalizi i onima s presatkom bubrega, uz vece
nagibe kod potonjih (Slika 3).

Rasprava

U ovom je istrazivanju koStani metabolizam usporeden
u bolesnika na kroni¢nom lije¢enju hemodijalizom i onih
s presatkom bubrega procjenom PTH i kostanih biljega,
te u odnosu na dob, spol, trajanje hemodijalize i razdob-
lja nakon presadivanja bubrega. Pregradnja kosti je bila
povisena u obje skupine bolesnika, osobito kostana raz-
gradnja. Trajanje hemodijalize i PTH prepoznati su kao
odrednice povecane pregradnje kosti u obje skupine, a
smanjena kostana razgradnja bila je povezana s poslijet-
ransplantacijskim periodom. U tom koStanom poremeca-

ration demonstrated lesser slope in patients on chronic
hemodialysis and a steep increase of BALP with previous
hemodialysis duration in kidney transplant recipients.
Higher BALP levels in kidney transplant recipients were
already reported in Figure 1 and Table 2. Increase of cros-
slaps in relationship to hemodialysis duration showed a
parallel pattern, but higher values in patients on chronic
hemodialysis (Figure 2). In relationships of PTH with BALP
and crosslaps with BALP, different patterns of associatio-
ns between patients on chronic hemodialysis and kidney
transplant recipients were observed, with steeper slopes
for kidney transplant recipients (Figure 3).

Discussion

In this investigation bone metabolism was compared in
patients on chronic hemodialysis treatment and kidney
transplant recipients as assessed by PTH and bone marke-
rs, and also with regard to age, sex, hemodialysis duration
and post-transplant period. Bone turnover was increased
in both patient groups, in particular bone resorption. Du-
ration of hemodialysis and PTH were recognized as deter-
minants of increased bone turnover in both groups, and
decrease in boneresorption was related to post-transplan-
tation period. In this bone disorder, sex and age were not
established as risk factors for impaired bone turnover.

The measured biochemical parameters PTH and crosslaps
were significantly higher in patients on chronic hemodia-
lysis in comparison to kidney transplant recipients, and
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SLIKA 2. Graficki prikaz odnosa kostane alkalne fosfataze (BALP) i cros-
slapsa (CRSLAPS) s trajanjem dijalize (HD) u bolesnika na dijalizi (hemo-
dialysis) i onih s presadenim bubregom (kidney transplant). Linearna
regresija ukazuje na razliku izmedu skupina bolesnika u povezanosti
parova parametara.

ju spol i dob nisu bili ustanovljeni kao ¢imbenici rizika za
oslabljenu pregradnju kosti.

Izmjereni biokemijski parametri PTH i CTX bili su znacaj-
no visi u bolesnika na kroni¢noj hemodijalizi u usporedbi
s bolesnicima s presatkom bubrega te su stoga postotci
povisenih CTX bili visi. Udio povisenih rezultata PTH bio
je nizi u bolesnika na kroni¢nom lije¢enju hemodijalizom,
$to je moguce objasniti viSom granicom referentnog in-
tervala nego uispitanika s normalnom bubreznom funkci-
jom (tj. priblizno triput visi od normale). Cinjenica da je
poviseni PTH utvrden u samo 35% bolesnika ukljucenih u

Biochemia Medica 2006;16(2)89-228

FIGURE 2 Plots of BALP and crosslaps (CRSLAPS) in relationship to du-
ration of dialysis treatment (HD) for patients on chronic dialysis (hemo-
dialysis) and kidney transplant recipients (kidney transplant) with li-
near regression indicate different associations of analyzed parameters
for patient groups.

accordingly the percentages of increased crosslaps were
higher. The proportion of increased PTH results was lower
in chronic hemodialysis patients, which can be explained
by higher reference limit than in subjects with normal re-
nal function (i.e. approximately >3x normal). The fact that
increased PTH was found in only 35% of chronic hemo-
dialysis patients also suggested efficient clinical control
of PTH secretion. Increased bone turnover in patients on
chronic hemodialysis can be explained by the metabolic
bone disorder that developed already in the course of
deterioration of kidney function (26). The main determi-
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SLIKA 3. Graficki prikaz odnosa kostane alkalne fosfataze (BALP) i PTH,
te koStane alkalne fosfataze (BALP) i crosslapsa (CRSLAPS) u bolesnika
na dijalizi (hemodialysis) i onih s presadenim bubregom (kidney tran-
splant). Linearna regresija ukazuje na razliku izmedu skupina bolesnika
u povezanosti parova parametara.

kroni¢nu hemodijalizu takoder je ukazao na djelotvornu
klinicku kontrolu lu¢enja PTH. Povisena pregradnja kosti
u bolesnika na kroni¢noj hemodijalizi moze se objasniti
poremecajem kostanog metabolizma koji se razvio vec ti-
jekom pogorsanja bubrezne funkcije (26). Glavna odredni-
ca ubrzane pregradnje kosti je hipersekrecija PTH, dok su
poviseni kostani biljezi posljedica kako povisene aktivnos-
ti koStanih stanica, tako i nakupljanja njihovih produkata
zbog ostecenog klirensa bubrega. Neocekivani nalaz ove
studije bio je vedi postotak povisene aktivnosti kostane

FIGURE 3. Plots of BALP with PTH and BALP with crosslaps (CRSLAPS)
for patients on chronic dialysis (hemodialysis) and kidney transplant re-
cipients (kidney transplant) with linear regression indicate different as-
sociations of analyzed parameters for patient groups.

nant of accelerated bone turnover is PTH hypersecretion,
while increased bone markers are a consequence of both
increased, bone cell activity and accumulation of their
products due to impaired kidney clearance. An unexpec-
ted finding in this study was higher, and in greater per-
centage increased, bone alkaline phosphatase in kidney
transplant recipients than in patients on chronic hemodia-
lysis. This was in contrast with PTH and crosslaps results
for the two patient groups. Alkaline phosphatase is not
cleared by the kidney and thus not increased in subjects
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alkalne fosfataze u bolesnika s presatkom bubrega nego
u bolesnika na kroni¢noj hemodijalizi. Taj je nalaz bio u
suprotnosti s rezultatima za PTH i CTX u obje skupine bo-
lesnika. Alkalna fosfataza se ne eliminira kroz bubreg te
stoga nije povisena u ispitanika s oste¢cenom bubreznom
funkcijom. Zbog toga se mjerenje kostane alkalne fosfata-
ze smatra adekvatnim biljegom za procjenu kostanog me-
tabolizma u bolesnika na kroni¢noj dijalizi (7,27,28). Mogu-
¢i uzrok povisene BALP u bolesnika s presatkom bubrega
mogao bi biti u¢inak imunosupresivnih lijekova (ciklos-
porina A) primijenjenih nakon presadivanja bubrega koji
mogu potaknuti porast alkalne fosfataze (29,30). U ranom
poslijetransplantacijskom razdoblju prolazna je stimulaci-
ja kostane pregradnje bila povezana s ciklosporinom A te
smanjenim dozama prednizona (31). Zapazene vise vrijed-
nosti BALP u bolesnika s presatkom bubrega mogu se pri-
pisati imunosupresivnoj terapiji, no mogle bi takoder biti
specifi¢na obiljeZja poremecaja kostanog metabolizma u
toj populaciji bolesnika. Poznata je Cinjenica da su bubrez-
na osteodistrofija i kostani poremecaj u bolesnika na kro-
ni¢noj dijalizi i onih s presatkom bubrega karakterizirani
velikom promjenljivos¢u klinickih oblika, $to je uzrokom
dijagnostickih i terapijskih problema (17).

Pozitivha povezanost izgradnje kosti i biljega razgradnje
u obje populacije bolesnika ukazala je na vezu izmedu
stani¢nih procesa u kosti u poremecaju koStanog metabo-
lizma (7,32,33). Na razlike izmedu dvije skupine bolesnika
u odnosima izmedu trajanja hemodijalize, PTH te CTX i
BALP snazno je utjecala visa BALP u bolesnika s presatkom
bubrega koja je rezultirala visim nagibom u povezanosti u
usporedbi s podatcima za bolesnike na hemodijalizi.
Utvrdene korelacije izmedu biokemijskih parametara i os-
talih podataka o bolesniku ukazale su na sli¢nosti i razli-
ke u karakteristikama kroni¢nog lijecenja hemodijalizom
i poslijetransplantacijskog poremecaja. Trajanje hemodija-
lize i lu¢enje PTH su odrednice pojacane kostane pregrad-
nje u bolesnika na kroni¢nom lije¢enju hemodijalizom, a
takoder u onih s presatkom bubrega (6,20,34,35), $to je za-
pazeno kroz znacajne pozitivne korelacije u ovoj studiji.
U bolesnika s presatkom bubrega prethodno lijecenje he-
modijalizom korelira s ispitivanim ko3tanim biljezima, no
ne i s PTH. Uzrok tome mogle bi biti umjereno povisene
koncentracije PTH u ovoj skupini bolesnika, uz naglasenu
vaznost dobre kontrole paratiroidne funkcije tijekom bo-
lesti (36). Nadalje, PTH je korelirao samo s BALP, a ne s CTX
kao biljegom koStane razgradnje. Trajanje prijasnje hemo-
dijalize je ¢imbenik rizika za poveéanu kostanu pregrad-
nju nakon presadivanja bubrega, tj. predtransplantacijski
koStani poremecaj se nastavlja nakon presadivanja bub-
rega (13,14,37). Korelacije izmedu trajanja hemodijalize i
CTX za obje skupine bolesnika ukazale su da trajanje za-
tajivanja bubrega ima Stetno djelovanje na povecanu kos-
tanu razgradnju (6) koja je bila izrazitija u bolesnika na
kroni¢noj hemodijalizi nego onih s presatkom bubrega.
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with impaired kidney function. Measurement of bone
alkaline phosphatase is thus considered an appropriate
marker for assessment of bone metabolism in patients on
chronic dialysis (7,27,28). Possible cause of higher BALP in
kidney transplant recipients could be the effect of immu-
nosuppressive drugs (cyclosporine A) administered after
kidney transplantation which may induce a rise in alkaline
phosphatase (29,30). In the early post-transplant period a
transient stimulation of bone remodeling was associated
to cyclosporine A and decreasing prednisone doses (31).
The observed higher BALP values in kidney transplant
recipients could be attributed to immunosuppresive the-
rapy but might also be a specific trait of bone metaboli-
sm disorder in this patient population. It has been is well
established that renal osteodystrophy and bone disorder
in patients on chronic dialysis and with kidney transplant
are characterized by great variability in clinical forms, givi-
ng rise to a diagnostic and therapeutic problem (17).
Positive association of bone formation and resorption
markers in both patient populations indicated the coupli-
ng of the bone cell processes in metabolic bone disorder
(7,32,33). Differences between the two patient groups in
relationships of hemodialysis duration, PTH and crossla-
ps with BALP were strongly influenced by higher BALP in
kidney transplant recipients resulting in greater slope in
associations as compared to the data for patients on he-
modialysis.

The correlations found between biochemical parameters
and other patient data indicated similarities and differen-
ces in characteristics of chronic hemodialysis treatment
and post-transplant disorder. Duration of hemodialysis
and PTH secretion are determinants of increased bone
turnover in patients on chronic hemodialysis treatment
and also in kidney transplant recipients (6,20,34,35), as
observed in significant positive correlations in this study.
In kidney transplant recipients, previous treatment by
hemodialysis correlated with the investigated bone mar-
kers, but not with PTH. This could be due to moderately
increased PTH levels in this patient group, stressing the
importance of good control of parathyroid function in
the course of the disease (36). In turn, PTH correlated only
with BALP, and not with the bone resorption marker cros-
slaps. Previous hemodialysis duration is a risk factor for
increased bone turnover after kidney transplantation, i.e.
the pre-transplant bone disorder continues after kidney
transplantation (13,14,37). Correlations of hemodialysis
duration with crosslaps for both patient groups demon-
strated that duration of kidney failure was correspondin-
gly detrimental for increased bone resorption (6), which
was more pronounced in chronic hemodialysis patients
than in kidney transplant recipients. As previously stated,
this was primarily due to higher PTH levels found in pa-
tients treated by chronic hemodialysis. Similar to patien-
ts treated by chronic hemodialysis, PTH level is also an
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Kao 5to je vec ranije navedeno, to se dogodilo ponajprije
zbog povisenih koncentracija PTH utvrdenih u bolesnika
koji su lijeceni kroni¢cnom hemodijalizom. Sli¢no kao kod
tih bolesnika, razina PTH je takoder vazna odrednica po-
jaCane kostane pregradnje nakon presadivanja bubrega
(2,13,14). To, medutim, nije potvrdeno u ovoj studiji, $to je
vjerojatno posljedica specifi¢nostii veli¢ine ukljucene sku-
pine bolesnika. Nakon uspje$nog presadivanja bubrega
koStana se pregradnja normalizira u poslijetransplantacij-
skom periodu (13), $to je i u ovom istrazivanju zapazeno
kroz negativnu korelaciju s biljiegom kostane razgradnje,
a o tome je izvjeStavano u prijasnjim studijama (37,38).
Cinjenicu da su bolesnici uklju¢eni u kroni¢nu hemodija-
lizu bili znacajno stariji i lijeCeni hemodijalizom tijekom
duljega razdoblja nego populacija bolesnika s presatkom
bubrega ne bi trebalo zanemariti. Ona je uglavnom odra-
zena u tome $to su bolesnici koji nisu ispunjavali kriterije
za presadivanje bili stariji i stoga dulje lije¢eni kroni¢nom
hemodijalizom, $to pak predstavlja sinergisti¢ne ¢imbeni-
ke poremecaja kostanog metabolizma.

Analiza biokemijskih parametara u dvije skupine bolesni-
ka nije ukazala na razlike s obzirom na spol. U normalnoj
se populaciji kostani biljezi razlikuju s obzirom na spol ka-
ko u odraslih tako i u djece. Negativan utjecaj spola kod
zena na koStanu cjelovitost takoder je zapazen u postme-
nopauzi i priznat kao ¢imbenik rizika za osteoporozu. Svi
istrazivaci nisu ustanovili razliku izmedu spolova u boles-
nika na kroni¢nom lije¢enju hemodijalizom ili onih s pre-
satkom bubrega (39), ¢ime je implicirana uklju¢enost dru-
gih ¢imbenika rizika za koStano oboljenje nasuprot opce
prihvacenim ¢imbenicima rizika za osteoporozu.
Glavnina odnosa izmedu kostanih biljega, PTH i trajanja
hemodijalize je uobicajena i slicna onima kod bolesnika
na kroni¢noj hemodijalizi i onih s presatkom bubrega
(10). Ta se ¢injenica odrazila i na koeficijente korelacije ko-
ji su bili istoga smjera i predstavljali slicne veli¢ine u obje
skupine bolesnika.

Poseban nalaz za bolesnike na kroni¢noj hemodijalizi bio
je negativna korelacija dobi i CTX kao biljega koStane raz-
gradnje. Starija dob jest cimbenik rizika za osteoporozu,
premda opcenito nije potvrdeno da je od znacenja u bo-
lesnika ukljucenih u kroni¢nu hemodijalizu. U ovoj je stu-
diji ustanovljeno da je koStana razgradnja bila manje izra-
zena u starijih bolesnika. Za koncentracije PTH nije utvrde-
na sli¢na povezanost.

Mjerenje kostanih biljega zajedno s PTH mozZe se smatrati
korisnim klinickim pomagalom u procjeni i pracenju po-
remecaja kostanog metabolizma kod kroni¢nog lije¢enja
hemodijalizom i presadivanja bubrega (40). Ono takoder
omogucuje pregled ¢imbenika rizika tog koStanog pore-
mecaja i istrazivanje njegovih promjenljivih klini¢kih odi-
tovanja.

Bone markers in renal osteodystrophy

important determinant of increased bone turnover after
kidney transplantation (2,13,14). This was not confirmed
in this study and was probably a consequence of the
specific patient group and its size. After successful kidney
transplantation, bone turnover was normalized in the
post-transplant period (13), as observed in negative cor-
relation with bone resorption marker in this investigation
and also reported in our previous studies (37,38).

The fact that chronic hemodialysis patients were signifi-
cantly older and were treated by hemodialysis for longer
period than the kidney transplant patient population
should not be disregarded. This mostly reflects that pa-
tients not fulfilling criteria for transplantation were older
and thus longer treated by chronic hemodialysis, which
are synergistic factors for disorder of bone metabolism.
Analysis of biochemical parameters in the two patient
groups showed no difference between sexes. Bone mar-
kers in normal population differ between sexes both in
adults and children. The negative influence of female sex
on skeletal integrity is also observed in the postmenopau-
se and is recognized as risk factor for osteoporosis. Diffe-
rence between sexes in patients on chronic hemodialysis
or kidney transplant recipients was not found by all inves-
tigators (39), thus implying an involvement of other risk
factors of bone disease as opposed to generally accepted
risk factors for osteoporosis.

Most of the relationships between bone markers, PTH
and hemodialysis duration are common and similar to pa-
tients on chronic hemodialysis and kidney transplant reci-
pients (10). This was reflected in correlation coefficients,
which were of identical direction and similar magnitude
in both patient groups.

A particular finding for patients on chronic hemodia-
lysis was the negative correlation of age and the bone
resorption marker crosslaps. Older age is a risk factor for
osteoporosis, although not generally confirmed to be of
significance in patients on chronic hemodialysis. In this
study, bone resorption was found to be less pronounced
in older patients. Similar association was not found for
PTH levels.

Measurement of bone markers together with PTH can be
considered a useful clinical tool in assessment and follow-
up of metabolic bone disorders related to chronic hemo-
dialysis treatment and kidney transplantation (40). It also
enables insight into risk factors of this bone disorder and
investigation into variations of its clinical presentations.
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