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Abstract. We determined bone density and metabolism
in 46 patients (35 males, 11 females) who had undergone
liver transplantation 1–48 months previously. Twenty-
one patients were then followed for the next 24 months.
At each visit, blood and urine samples for bone and liver
metabolism parameters, as well as spinal and femoral
dual-energy X-ray absorptiometry (DXA) scans, were
obtained. Basal spinal and femoral density was low
(p50.001). Patients with pre-transplant cholestatic
diseases had lower spinal density than all the other
subjects (p50.05) and the cumulative methylpredniso-
lone intake was an independent negative predictor of
total hip density (p50.02). At baseline, urinary
hydroxyproline and N-telopeptide were at the upper
normal level and decreased only after 24 months of
follow-up (p50.05). During the first year of follow-up,
femoral density decreased (p50.05) and a partial
recovery was observed for both spine and femur after
24 months. After 12 months, femoral bone density was
negatively associated with serum cyclosporin A levels
(p50.005) and cumulative methylprednisolone intake
(p50.05), while the percent decrease in spinal density
after the first 12 months was negatively predicted by
mean daily methylprednisolone intake (p50.05). In
patients with pre-transplant cholestatic diseases, femoral
and spinal density increased after the first (p50.05) and
second year (p50.05), respectively. In patients with
previous post-necrotic cirrhosis, femoral density de-
creased after 12 months (p50.05) and was still lower

than baseline after 24 months (p50.05). However, at the
end of the study the cumulative percentage of femoral
neck osteoporosis was 43%. In conclusion, an elevated
prevalence of spinal and femoral osteoporosis is present
even many years after liver transplantation, with
immunosuppressive treatment and pre-transplant liver
disease being the most important pathogenetic factors.

Keywords: Bone turnover; Immunosuppressive drugs;
Liver disease; Liver transplant; Osteoporosis

Introduction

Orthotopic liver transplantation (OLTx) is now the
treatment of choice in patients with end-stage liver
disease. Advances in immunosuppressive therapy and
surgical techniques have substantially improved the
outcome of liver transplantation and increased life
expectancy in these patients. In spite of this, transplant
recipients still undergo a substantial number of
complications, among which bone disease appears to
be very frequent [1–3].

It is generally believed that the critical period for the
appearance of bone disease occurs within the first 6
months after transplantation, with the trabecular bone of
the spine being most at risk. Indeed, vertebral fractures
occur very often within the first 12 months after
transplantation [1,2,4]. However, very few studies have
been performed to elucidate the long-term impact of
liver transplantation on bone metabolism and fracture
risk [5,6]
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Thepathogenesisof osteopeniaaftertransplantationis
multifactorial. One of the factors contributing to bone
loss is the underlying liver disease.End-stageliver
failure is generallyassociatedwith a reductionin bone
densityand an increasedrisk of fractures[7,8]. Never-
theless,althoughpatientswith cholestaticdiseases,such
as primary biliary cirrhosis and primary sclerosing
cholangitis,are at higher risk of osteoporoticfractures
[9], they seemto have a better long-term outcomeof
bonestatusafter transplantation[2,5].

Many other conditions may be responsiblefor the
pathogenesisof osteopeniaafter transplantation.Im-
mobilization, poor nutritional statusand hypogonadism
mayalsoaffectbonemetabolism,especiallyin theearly
phaseafter transplantation[10]. However,thehigh dose
of corticosteroidsusedafter the graft is likely to be the
majorfactoraffectingbonemetabolismin theearlypost-
transplantationperiod. Glucocorticoid-induced osteo-
porosis is a well-recognized clinical entity [11].
Corticosteroids affect osteoblast function in several
ways [12,13]. At the same time, they stimulate the
processesleading to osteoclastactivation and, conse-
quently, to boneresorption.They also impair intestinal
calciumabsorptionandtheir usemaybeassociatedwith
hypogonadismandavascularnecrosisof the bone[11].

Theeffectsof cyclosporinA on bonearestill debated.
An accelerated bone remodeling, with resorption
exceedingformation and a consequentnet bone loss,
hasbeenshownin animals[14]. However,the role of
this immunosuppressiveagent as a risk factor for
osteoporosisin liver transplantrecipientshasnot been
fully elucidated.

The aim of this studywas to evaluatein a 24-month
follow-up bonedensityandmetabolismin patientswho
hadundergoneliver transplantation.

Patients and Methods

(a) Cross-sectionalStudy

Patients

Forty-six patients(35 men,11 women),aged47.0± 1.4
years,who had undergoneorthotopic liver transplanta-
tion (OLTx) 1–48 months previously, were consecu-
tively enrolledin this study.Thesepatientsrepresented
thetotal populationof subjectswhohadsurvivedto liver
transplantationperformedat our Unit, between1991and
1996.None of the patientshad beenpreviouslytreated
for osteoporosisor endocrine diseases.Among the
female population there were 3 postmenopausal
women,while the remaining8 were still experiencing
regularmenses.

Patientswere transplantedfor end-stageliver disease
related to: post-necroticcirrhosis (PNC; 23 men, 5
women) resulting from HBV or HCV, primary biliary
cirrhosis(PBC; 2 women),primary sclerosingcholangi-
tis (PSC;2 men,2 women),alcoholiccirrhosis(OHC; 5

men, 2 women), hepatocellularcarcinoma (HCC; 3
men), Budd-Chiari syndrome(BC; 1 man), and a1-
antitripsindeficiency(a1T; 1 man).

After transplantation,patientsunderwentan immuno-
suppressiveregimen consisting of: (a) cyclosporin A
(CsA), at a dosageadequateto maintainblood levelsof
the drug between240 and 280 ng/ml during the first 3
monthsand between120 and 150 ng/ml thereafter;(b)
methylprednisolone(MP), at a doseof 1 g intravenously
(i.v.) for thefirst postoperativeday,subsequentlytapered
to 40 mg (i.v.) at day 5 andto 20 mg per os daily after
day6. Thedosewasthentaperedto 8–6mg daily within
6 months.Eleven of the 46 patientswere also treated
with azathioprine,1 mg/kg body weight per day,during
the first year after transplantation.Rejection episodes
were treatedwith MP recycles,consistingof 1 g i.v. at
day 1, taperedto 40 mg i.v. at day 5 andreducedto 20
mg per os daily after day 6. None of the patients
developedsteroid-resistantrejection.

The total intake of immunosuppressivedrugs was
calculatedby thesumof thedaily doses,includingthose
administeredfor thetreatmentof rejectionepisodes.The
meandaily intake was then calculatedby dividing the
total intake of the drugsfor the time (in days)elapsed
sincetransplantation.

All patientsgavetheir informedconsentto the study,
which wasapprovedby the institute’sethicscommittee.

Methods

BiochemicalAssays. Blood and24-hurinesampleswere
collectedfrom all patientsafter anovernightfast.Blood
specimenswereanalyzedfor creatinine,alanineamino-
transferase(ALT), aspartateaminotransferase (AST),
gamma-glutamyl transpeptidase(gGT), total alkaline
phosphataseand bilirubin (Autoanalyzer, Technicon
Instruments, Tarrytown, NY). Serum calcium was
assayed by atomic absorption spectrophotometry
(Perkin Elmer 3100, Norwalk, CT), while serum
phosphateandalbuminwereanalyzedby a colorimetric
method (Boehringer Mannheim and Sigma-Aldrich,
Milan, Italy, respectively).Bone alkaline phosphatase
wasdeterminedin catalyticactivity by lectin from wheat
germprecipitation(BoehringerMannheim,Milan, Italy),
with intra-assayandinter-assayvariationsof 54.0%and
510%, respectively.Intact parathyroidhormone(PTH)
wasanalyzedby a commercialradioimmunoassay(RIA)
kit (Nichols Institute, San JuanCapistrano,CA), with
intra- and inter-assayvariations of 3.6% and 5.8%,
respectively. 25-OH-vitamin D was analyzed by
competitive protein binding assay, with intra- and
inter-assaycoefficientsof variation of 5.1% and 9.7%,
respectively. Cyclosporin A concentration in whole
bloodwasdeterminedby RIA method(Incstar,Diasorin,
Saluggia, Vercelli, Italy). Twenty-four hour urine
sampleswere assayedfor calcium (seeabove),hydro-
xyproline (resin-catalyzedhydrolysis, followed by a
colorimetric method(Hypronosticon,OrganonTeknika,
Boxtel, The Netherlands)after 2 daysof a collagen-free
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diet), and type I collagen cross-linkedN-telopeptide
(NTx, competitive-inhibition enzyme-linked immuno-
sorbentassay,ELISA; Osteomark,Ostex International,
Seattle, WA). The latter had intra- and inter-assay
variation coefficients of 7.6% and 14%, respectively.
The results of hydroxyproline and NTx were then
expressedasa ratio to creatinineexcretion.

BoneDensitometry.The bonemassof the lumbarspine
(L2–L4) and proximal femur was measuredby dual-
energyX-ray absorptiometry(DXA; HologicQDR1000,
Waltham, MA). Our in vivo coefficientsof variation,
calculatedon 8 healthy subjects,were: lumbar spine,
1.06%;total femur,1.16%; femoralneck,1.63%;great
trochanter1.85%. The resultswere expressedas bone
mineral density (BMD, g/cm2), T-score and Z-score
(numberof SD below the meanof youngadult healthy
subjects or age- and sex-matchednormal controls,
respectively), when appropriate. The T-score values
were obtainedby comparingthe BMD resultswith the
NHANES database.According to the World Health
Organizationrecommendations,osteoporosisis defined
asa T-scorevalue5–2.5.

(b) LongitudinalStudy

Twenty-oneof the patientsin the cross-sectionalstudy
(13 men, 8 women; meanage 43.2 ± 2.3 years; time
sincegraft 7.3 ± 1.9 months)were also studiedin a 2-
year follow-up, by repeatingafter 12 and 24 months
from baselinethe sameinvestigationsperformedin the
cross-sectionalstudy.Sixteenpatientswere taking only
methylprednisoloneand CsA, while the remaining 5
werealsobeingtreatedwith azathioprine.Thesepatients
had undergonetransplantationfor the following liver
diseases:PNC related to HBV or HCV (8 men, 4
women),PBC(2 women),PSC(1 man,2 women),OHC
(2 men),HCC (1 man)andBC (1 man).In 8 of the 12
patientswith a previousPNC, the diseaserecurredafter
the transplant.

All patients were given 1000 mg oral calcium
supplements (Calcium Sandoz Fortissimum, Milan,
Italy).

(c) StatisticalAnalysis

The resultswere expressedas mean± SEM. One- and
two-sample t tests were used to determinestatistical
differences between means. One-way analysis of
variance (ANOVA) was used for multiple group
comparisons.Multifactorial analysis of variance was
then employedto adjust for specific variables.Linear
regressionanalysiswasusedto evaluatetherelationships
betweenvariables.Stepwisemultiple regressionanalysis
was usewhen appropriate.The a-level for significance
wasconsideredas50.05.

Results

Cross-sectionalStudy

The meandaily intakeof MP andCsA was56 ± 6 and
399 ± 25 mg respectively,without differencesbetween
sexes.

Themainclinical variablesarereportedin Table1. As
shown, the duration of the graft and the total doseof
immunosuppressivedrugs were slightly, but not sig-
nificantly, higher in women.

Mean PTH and 25-OH-D levels, serum calcium,
serum phosphateand bone alkaline phosphatasewere
within the normal range(Table 2). Serumalbumin and
total alkaline phosphatasewere also normal, while the
mean values of AST, ALT, gGT and bilirubin were
abovethe normal range.Urine calcium excretionwas
normal,while meanurinaryhydroxyprolinevalueswere
abovethe normal range.Hydroxyprolineexcretionwas
elevatedin 24 patients(52%).Urinary NTx levelswere
at the uppernormal level.

Table 1. Clinical parametersin patients with an orthotopic liver
transplant

Men
(n = 35)

Women
(n = 11)

p
value

Age (years) 48.1± 1.5 43.4± 3.7 NS
Body massindex (kg/m2) 24.4± 0.6 22.3± 0.8 NS
Time sincegraft (months) 9.8± 2.3 14.3± 4.3 NS
Total methylprednisoloneintake(g) 5.3± 0.6 6.5± .07 NS
Total cyclosporinA intake(g) 95.2± 19.7 128.4± 37.7 NS
Total azathioprineintake(g) 7.1± 3.1 6.1± 2.7 NS

Table 2. Basalbiochemicalvaluesin subjectswith anorthotopicliver
transplant

All patients
(n = 46)

Normal range

Plasmaor serumlevel
Creatinine(mmol/l) 100.8± 4.4 62–115
AST (U/l) 46.0± 9.6 10–45
ALT (U/l) 68.3± 11.0 5–55
gGT (U/l) 95.1± 25.7 3–65
Total bilirubin (mmol/l) 23.1± 1.9 1.7–17
ALP (U/l) 100.4± 8.8 53–128
Albumin (g/l) 41.2± 1.7 38–44
CyclosporinA (ng/ml) 186.5± 9.0 100–350

Calcium(mmol/l) 2.25± 0.02 2.1–2.6
Phosphate(mmol/l) 1.19± 0.03 0.87–1.45
BoneALP (U/l) 22.9± 4.2 10–51
PTH (pg/ml) 35.6± 4.0 10–55

25-OH-D (nmol/l) 94± 17 25–300

Urinary level
Calcium(mmol/day) 3.5± 0.4 2.5–7.5
OHP/Cr(mmol/mol/day) 22.2± 2.6 5.2–19
NTx/Cr (nmol BCE/mmol/day) 91± 9 14–95
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Bone densitometrydata are shown in Table 3. A
significantreductionin T-scorevalueswas observedat
all skeletal sites (p50.001). In the whole population,
spinalBMD wasbelow72.5standarddeviations(mean
T-score73.27± 0.13) in 14 patients(30%),while only
7 patients (15%) were completely normal (T-score
70.44 ± 0.23).The percentageof osteoporoticpatients
wasevenhigherat the femoralneck:21 patients(46%)
hadBMD lower than72.5 SD (T-score73.17± 0.12),
while only 6 subjects (13%) were normal (T-score
70.12± 0.30).Bonedensityof thetotal femurandgreat
trochanterwassignificantly lower in females(Table3).

When patients were subdivided according to the
pathogenesisof the liver disease, the Z-scores for
spinal bone density were significantly different
(ANOVA, p50.05). Consequently,we comparedpa-
tients with primary cholestaticdiseasesbefore trans-
plantation(PBCandPSC;4 women,2 men)with all the
othersubjects(33men,7 women).Thosewith aprevious
primary cholestasisshoweda lower spinal bone mass
with respectto all theotherpatients(Z-score= 72.58±
0.60 vs 71.56 ± 0.16, p50.05). This trend was also
present,although not significant, at all femoral sites.
Moreover, patients with previous cholestasisdid not
differ comparedwith the other subjectsas regardsthe
durationof transplant(12.7± 5.8 vs 10.6± 2.2 months),
meandaily doseof MP (45 ± 15 vs 57 ± 7 mg/day)and
CsA (341± 43 vs 408± 28 mg/day),nor asregardsany
otherparameterof liver or skeletalmetabolism.

To adjust the correlation analysis for possible
confounders,somepredictive variableswere identified
andthenput into a stepwisemultiple regressionmodel.
Thesewere: time since transplant,CsA serum levels,
cumulative intake of both CsA and MP, indices of
hepatocytolysisand cholestasis,age and weight. Two
different multivariate models have been investigated,
with bone turnover markers and bone density as
dependentvariables.Serum levels of CsA (p50.001)
and ALT (p50.005) were independentpredictors of
hydroxyprolineexcretion(R2 Adj. = 0.66),while weight
(p50.01)andcumulativeMP intake(expressedaslog n
becauseof a non-normal distribution of this value,
p50.02) predictedbonedensityof total hip (R2 Adj. =
0.33)andfemoralneck(R2 Adj. = 0.23).

LongitudinalStudy

In Table4 themeanclinical andbiochemicalparameters
for the liver-transplanted patients followed for 24
months are reported.Mean daily intakes of MP and
CsA weresignificantly lower after 12 and24 monthsof
follow-up comparedwith baseline.Serum creatinine,
markersof liver function,serumcalciumandphosphate
andcalciotropichormonesdid notvary throughoutthe2-
year study period. Urine hydroxyproline and NTx
excretion fell significantly only after 24 months
(p50.05 and50.02, respectively).On the other hand,
bone alkaline phosphatasetended to increase with
respectto the basalvalueonly at the endof the study.

At baseline,a relevantosteopeniawas evidentat all
skeletal sites (T-score values: lumbar spine 72.33 ±
0.27;total femur,71.83± 0.21;femoralneck,72.06±
0.27;greatertrochanter,71.72± 0.25).

When all patients were consideredtogether, bone
densitydecreasedsignificantlyat thetotal femur(73.75
± 1.64%, p50.05) and femoral neck (75.22 ± 1.90,
p50.05) but not at the lumbar spine (70.40 ± 2.02)
after the first year of follow-up. After 24 months of
follow-up there were no significant changesin lumbar
spine (+2.46 ± 1.95) and total femur (72.41 ± 1.30)
bonedensity,while femoral neck bonemasscontinued
to be significantly lower comparedwith the basalvalue
(75.95 ± 1.74, p50.05). At the end of the 24-month
study period, the percentageof patients with osteo-
porosisat the femoralneckwas43%.

Becausepatients entered the longitudinal study at
different time-points after transplantation, we also
examinedthepercentchangesin bonedensityaccording
to time since transplantat the baselinevisit. Thus, we
subdividedpatientsinto thosewith a baselinetime from
transplantshorterthan6 months(11 patients,meantime
since transplant3.6 ± 0.2 months)and greaterthan or
equal to 6 months (10 patients, mean time since
transplant16.0 ± 4.0 months;Fig. 1). In patientswith
a shorter duration of the graft, lumbar bone density
decreasedafterthefirst yearandwasunchangedafterthe
second year with respect to baseline. In the same
patients,femoralneckbonedensitywasdecreasedafter
both12 and24 monthsof follow-up (Fig. 1). In patients
with a longer time since transplant,there was a non-

Table 3. Bonemineraldensityat different skeletalsitesin patientswith an orthotopicliver transplant

Men (n = 35) Women(n = 11)

BMD (g/cm2) T-score(SD) Z-score(SD) BMD (g/cm2) T-score(SD) Z-score(SD)

Spine(L2–L4) 0.89± 0.02 –2.1± 0.2 –1.7± 0.2 0.84± 0.04 –2.1± 0.3 –1.7± 0.4
Femur

Neck 0.74± 0.02 –2.1± 0.2 –1.0± 0.2 0.65± 0.04 –2.4± 0.4 –1.7± 0.3
Trochanter 0.63± 0.02 –1.5± 0.2 –1.0± 0.2 0.49± 0.03 –2.5± 0.4 –2.1± 0.4**
Total 0.85± 0.02 –1.7± 0.2 –1.1± 0.2 0.70± 0.04 –2.3± 0.3 –1.9± 0.3*

*p50.05 versusmen;** p50.005versusmen.
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significant increasein spinal bonedensityafter 12 and
24 months,while femoralneckdensitywassubstantially
unchangedafterboththefirst andsecondyearof follow-
up (Fig. 1).

Whensubdividedaccordingto thepositiveor negative
trend in spinal density observedafter the first year of
follow-up (D% + 9.7 ± 3.1 vs –5.07 ± 1.1), patients
losing bonehada highermeandaily MP intake(14.9±
0.8 vs 9.3 ± 1.2 mg, p50.005).

The samemultiple regressionmodelsreportedfor the
cross-sectionalstudy were applied to the longitudinal
study.After thefirst 12 monthsof follow-up, cumulative
CsA intake (p50.001), ALT (p50.005) and gGT
(p50.05) predicted bone alkaline phosphatasevalues
(R2 Adj. = 0.71),while serumCsA level (p50.005)was
theonly predictivevariablefor hydroxyprolineexcretion
at the end of the study period (R2 Adj. = 0.36).

Correlationanalysisbetweencumulativeintake of CsA
and bone alkaline phosphataseas well as CsA serum
levelsandhydroxyprolineexcretionarereportedin Fig.
2. The percentchangein spinaldensityafter 12 and24
months was predicted by mean daily MP intake
(p50.05, R2 Adj. = 0.21) and by age and gGT
(p50.05 for both, R2 Adj. = 0.40), respectively.After
12monthsof follow-up, bonedensityof thetotal hip was
associatedwith serum CsA levels (p50.005) and
cumulative MP intake (p50.05, R2 Adj. = 0.53),
while, at the end of the study, age was the only
predictive variable of the percentchangein total hip
bone mass (p50.02, R2 Adj. = 0.28). Correlation
analysis betweenmean daily MP intake and percent
changein bonedensityaswell ascumulativeMP intake
versusthe T-scoreof the lumbar spineafter 12 and 24
months,respectively,arereportedin Fig. 3.

Table 4. Clinical andbiochemicalparametersin transplantedpatientsat baselineandat 12 and24 monthsfollow-up

Baseline(n = 21) 12 months(n = 21) 24 months(n = 21)

Age (years) 43.2± 2.3
Time sincegraft (months) 7.3± 1.9 19.8± 2.5 31.8± 2.4
Meandaily methylprednisoloneintake(mg) 60.7± 1.8 13.7± 0.9* 8.9± 0.5***
Meandaily cyclosporinA intake(mg) 401± 25 303± 21 96± 11***

Plasmaor serumlevel
Creatinine(mmol/l) 115± 18 107± 9 107± 5
AST (U/l) 24.7± 2.0 45.8± 11.3 61.4± 20.3
ALT (U/l) 33.6± 4.7 76.2± 29.0 72.7± 21.5
gGT (U/l) 28± 4 40± 12 72± 35
Total bilirubin (mmol/l) 18.8± 3.5 18.2± 2.2 16.5± 1.9
ALP (U/l) 90.3± 8.0 82.7± 7.5 111± 8

Calcium(mmol/l) 2.26± 0.05 2.28± 0.03 2.24± 0.02
Phosphate(mmol/l) 1.23± 0.03 1.10± 0.06 1.04± 0.04
BoneALP (U/l) 21.7± 3.8 22.5± 5.0 34.1± 6.0
PTH (ng/l) 37.1± 4.5 37.9± 4.7 45.2± 5.3
25-OH-D (nmol/l) 91.8± 9.5 95.3± 11.3 110.5± 16.5

Urinary level
Calcium(mmol/day) 4.8± 0.9 3.3± 0.5 3.6± 0.7
OHP/Cr(mmol/mol/day) 22.0± 2.5 22.4± 2.5 15.2± 1.1*
NTx/Cr (nmol BCE/mmol/day) 93±8 88±9 67±7**

*p50.05versusbaseline;** p50.02versusbaseline;*** p50.001versusbaseline.

Fig. 1. Changesin bonedensityin orthotopicliver transplantpatients
groupedaccordingto the time elapsedsince transplantationat the
baselinevisit. Ovals representpatientswith a duration of the graft
shorterthan6 months,while trianglesarepatientswith a durationof
the graft greaterthanor equalto 6 monthsat the basalobservation.

Fig. 2. CyclosporinA versusboneturnovermarkersin orthotopicliver
transplantpatientsin the longitudinalstudy.
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Table 5 showsthe patientdatasubdividedaccording
to the primary cholestatic or viral origin of their
underlying liver disease.The time elapsedsince graft
was longer in patientswith previouscholestasis,while
the meandaily intakesof MP were higher in patients
with previous viral diseaseonly after the first year
(p50.05). In PNC patients,we observeda significant
decreasein total femur and femoral neck bonedensity
after both the first and secondyear of follow-up as
comparedwith the baselinevisit. On the contrary, in
patientswith previouscholestaticdiseases,bonedensity
significantly increasedwith respectto baselineat the
total femur andgreattrochanterafter 12 monthsandat
thelumbarspineafter24 months(Table5). Thechanges

in femoralbonedensitydifferedbetweenthetwo groups
after 12 monthsfrom the baselinevisit. Adjusting for
time since grafting, we observed that this latter
parameterdid not substanstiallyinfluence the above-
mentionedchangesin bonemass(Table5).

Finally, only in patientswith previousPNC, was a
negativecorrelationbetweentotal alkaline phosphatase
levels and bone mass changeobserved(r = 70.65;
p50.05).

Discussion

Liver transplantationis associatedwith low bonemass
and increasedrisk of fractures [1,15]. In the present
study,a markedreductionin bonedensitywasobserved
in patientswho had undergonetransplantationfrom a
meanof 11 months,andaboutone-thirdof our patients
demonstratedosteoporoticBMD valuesof the lumbar
spine.Theseresultsarein keepingwith the finding of a
high prevalence of vertebral fractures previously
reportedin this setting[4,5,16,17].However,few studies
havetakeninto accountthe prevalenceof appendicular
fractures after transplant [3,5]. We found a 46%
prevalence of osteoporosisat the proximal femur,
which is predominantlyconstitutedby cortical bone.
This suggeststhat also cortical bone is lost after liver
transplantation. Considering the relevant morbidity
associatedwith non vertebralfractures,there is a need
for a more accurateassessmentof peripheral fracture
incidencein this setting.

Fig. 3. Methylprednisolone intake versus lumbar bone density in
orthotopicliver transplantpatientsin the longitudinalstudy.

Table 5. Clinical, biochemicalandbonedensitometrydataafter12 and24 monthsin subjectswith previousprimarybiliary cirrhosis(PBC)and
primary sclerosingcholangitis(PSC)or post-necroticcirrhosis(PNC)

After 12 months After 24 months

PBC + PSC
(n = 5)

PNC
(n = 10)

PBC + PSC
(n = 5)

PNC
(n = 10)

Age (years) 34.2± 3.4 49.08± 2.5 – –
Time sincegraft (months) 28.4± 7.0* 16.4± 2.1 40.4± 7.0* 28.4± 2.1
Meandaily methylprednisoloneintake(mg) 10.5± 2.2* 15.2± 0.9 7.2± 1.4 9.5± 0.5
Meandaily cyclosporinA intake(mg) 274± 66 303± 22 65.1± 16 94.5± 14

Plasmaor serumlevel
Calcium(mmol/l) 2.30± 0.05 2.31± 0.05 2.27± 0.04 2.23± 0.03
PTH (pg/ml) 28.8± 11.5 42.2± 5.7 48.3± 20.1 45.5± 8.4
Bone-ALP(U/l) 28.0± 11.3 15.6± 3.3 32.1± 15.2 38.6± 9.1
ALP (U/l) 73.5± 18.5 90.8± 9.3 57.3± 15.6 131.4± 25.6
AST (U/l) 26.4± 1.0 59.2± 18.7 17.8± 3.7 87.75± 33.8
ALT (U/l) 33.4± 4.4 104.1± 49.7 20.8± 2.05 105.9± 34.7
gGT (U/l) 13.6± 2.4 46.3± 17.6 15.0± 3.2 93.4± 58.9

D % BMD from baselinevisit
Lumbarspine(L2–L4) 7.0± 2.7

(6.2)
–2.8±3.1

(–2.4)
9.5± 3.1{

(9.6)
0.6± 2.8
(0.5)

Femoralneck 2.4± 3.*
(1.7)

–8.7± 2.5{
(–8.4)

0.6± 4.3
(–0.01)

–8.6± 2.0{
(–8.3)

Greatertrochanter 4.9± 1.5*{
(4.3)*

–5.9± 2.5
(–5.7)

6.0± 3.4
(6.5)

–2.9± 2.4
(–3.1)

Total femur 3.5± 1.2*{
(2.6)

–5.6± 2.4{
(–5.2)

3.7± 3.4
(4.2)*

–3.9± 1.5{
(–4.1)

Valuesin parenthesesareadjustedfor time sincetransplantation.
*p50.05versespatientswith previousPNC; {p50.05versusbaselinevisit; {p50.005versusbaselinevisit.
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Many studieshavebeenperformedto determinethe
modificationsin bonedensityandmetabolismwithin the
first 6–12 monthsafter liver transplantation,while few
studieshavefocusedon the long-termoutcomeof bone
in thesepatients.Arnold et al. [6] observeda decreasein
both trabecular (spine) and cortical (forearm) bone
density within the first 12 months after transplant,
followed by an inversion of that trend. However, the
final values remainedwell below the baselinelevels.
McDonald and co-workers [3] described an early
decreasein spinal bone density, with only a minor
recoveryafter 12 months.Eastellet al. [5] describedan
early decreasein lumbar bone density, followed by a
restorationof bone integrity within the third year of
follow-up. Unfortunately,this study took into account
only patientswith primarybiliary cirrhosis,whoselong-
termclinical outcomeis generallymuchbettercompared
with mostother liver transplantrecipients.

Our longitudinal study was carried out on liver
transplantrecipientswith a meanduration of the graft
of 7 monthsat the baselinevisit, and approximately3
years at the end of the 24-month follow-up period.
Spinalbonedensitywasunchangedafter thefirst yearof
follow-up and only slightly increasedwith respectto
baselineat the end of the study. Theseresultsare in
keepingwith only partial restorationof trabecularbone
12–24monthsafter transplant,observedby others[3,6].
On theotherhand,femoralbonedensitydecreasedafter
the first year of follow-up, with a late and only partial
trend toward a catch-up after the secondyear. This
suggestsdifferent pathwaysfor spinalandfemoralbone
loss after liver transplantation.Although we did not
measurebonedensityimmediatelyafter transplant,it is
likely that our patientstoo experiencedthe decreasein
spinalbonemassexpectedfor thatperiod,followed by a
progressiverecovery6–12monthsafter surgery.At the
sametime, femoral density might have decreasedat a
slowerrateandfor a longertime,with a tendencytoward
a restoration,starting 12–18 months after transplanta-
tion. Themostlikely explanationfor this phenomenonis
that bone remodeling is several times higher in
trabecularthat in cortical bone[18]. The improvement
in clinical conditionafter the transplantwasfollowed by
an early trend to the recovery in spinal bone density,
while a longer time wasnecessaryfor the sameprocess
in the proximal femur. This can also contribute to
explaining why we found a higher prevalence of
osteoporosisat the femoral neck comparedwith the
lumbarspine.

We are well aware that grouping togetherpatients
with different times since transplant may affect
assessmentsof the course of bone density in these
patients.However,whenpatientsweregroupedaccord-
ing to the durationof the graft at the basalobservation,
lumbar bone massdid not significantly increaseover
time evenin subjectswho wereat least6 monthspost-
transplantation at baseline (i.e., mean time since
transplantat baselinewas 16 months), while in the
same patients femoral bone density was unchanged
comparedwith the basalvaluesevenat the end of the

study. On the whole, thesedata are consistentwith a
long-term persistenceof an increasedfracture risk in
liver-transplantedpatients.

The pathogenesisof low bone mass after liver
transplantationis multifactorial. The underlyinghepatic
diseasebefore transplant,malnutrition, immobilization
and hypogonadismare well-establishedrisk factors for
osteoporosisin thesepatients[10]. However,successful
transplantation eliminates most of these conditions
within 3–6 months.Immunosuppressive drugscertainly
play a major role in this setting [10,11]. Although the
alterationsseenin bone metabolismafter liver trans-
plantation have been mainly attributed to the use of
glucocorticoids[4–6,19],mostauthorsfailed to demon-
stratethis relationship.This is probablydue to the fact
that the majority of studiesconcentratedon an early
phaseafter transplantation.At this stage,most of the
concurrentrisk factors for bone loss are still effective,
obscuringthe impactof corticosteroidson the skeleton.
In the presentstudy, we found that MP intake was an
independentpredictorof low bonemass,and its effects
on bone were exerted in a dose-dependentfashion.
Accordingly,patientswho did not continueto losebone
after the first year of follow-up were taking an average
doseof lessthan10 mg/dayof MP, which is associated
with a lower risk of osteoporosis[11]. Furthermore,bone
resorption markers decreasedafter the second year,
when corticosteroid intake had been consistently
tapered.Also, the tendencyto a rise in bone alkaline
phosphataseafter the secondyear might havereflected
an increasein boneformationdueto the lower dosesof
MP usedin this period.

The effects of CsA on bone metabolism are still
controversial.In vitro, CsA inducesa dose-dependent
decreasein osteoclastnumber[20,21], while in animal
modelsit causesseverebonelossassociatedwith a rise
in both boneformationandresorption[10,22]. The few
data available suggestan involvement of CsA in the
pathogenesisof osteoporosisafter liver transplant[19],
andour studysupportsthehypothesisthatCsAenhances
bothboneformationandresorptionandmight contribute
to bone loss in these patients.These results are not
surprising. Elevated values of osteocalcinhave been
observed after liver transplant [16,19], and a link
betweenhigh boneremodeling,bonelossand CsA has
been described even in cardiac-transplantrecipients
[23,24]. Although further studiesare requiredto better
elucidate the effects of CsA on human bone, the
potentialfor a bone-damagingeffect dueto cyclosporin
shouldbe takeninto account.

It is well known that cholestasisper se constitutesa
risk factor for osteoporosis[25]. In patientswith PBC
andPSC,bonemassis lower andfracturerateis higher
than in patientswith other chronic liver diseases,both
before and after transplant[2,25]. We also found that
subjectstransplantedfor PBCandPSChada lower bone
mass with respect to all the other patients and that
patientswith pre-transplantcholestaticdiseaseshad a
betteroutcomein bonedensityaftertransplantation.This
phenomenonis probablyrelatedto the normalizationof
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hepaticfunction and the resolutionof cholestasisafter
surgery[2,5]. Indeed,we found that suchpatientshad
satisfactory liver function up to the second year of
follow-up.

In contrast,it is moredifficult to explainthe negative
pattern in the course of bone density in patients
transplantedfor PNC relatedto viral infection. Patients
with previous PNC were older than patients with a
cholestaticdiseasebeforetransplantand we found that
age was negatively correlatedwith bone density. The
higherdaily intakeof MP in patientswith chronicactive
hepatitismay have further contributedto our findings,
while theshorterdurationof the transplantdid not seem
to be an importantfactor.Liver function alsoseemedto
be different betweenthesetwo groups.Due to the high
recurrencerate of viral hepatitisafter liver transplanta-
tion, patientswith chronic active hepatitisas their pre-
transplantliver diseasecontinuedto showhigh levelsof
both hepatocytolysis and cholestatis indices after
transplantationand we found that thesewere indepen-
dentpredictorsof bothboneturnoveranddensity.Thus,
it is likely that altered liver function may have
contributedto boneloss in thesepatients.

In conclusion, liver-transplantedpatients show an
importantdecreasein bonemass,at both the axial and
appendicularskeleton,associatedwith a rise in bone
turnover. This reduction in bone density persistseven
severalyearsafter transplantation,indicating the need
for prolongedfollow-up in thesepatients.Corticoster-
oids, cyclosporinA and the underlyingdiseaseare the
most important contributing factors.Specific strategies
aimedat effectively counteractingbonediseasein liver-
transplantrecipients,both in the short term and in the
long term, areneeded.
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