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one disease is a major complication of chronic liver

disease (CLD) and liver transplantation and can re-
sult in spontaneous or low-trauma fracturing that signif-
icantly impacts on morbidity, quality of life, and even
survival. The etiology of these disorders is complex and
multifactorial. The general biology and pathogenesis of
osteoporosis, including its relationship with inflamma-
tory states, diagnostic tools, and clinical utility of bone
densitometry, has been reviewed elsewhere in the AGA
Technical Review on Osteoporosis in Gastrointestinal
Diseases.! In this review, issues specific to osteoporosis
and hepatic disease will be discussed.

Methods routinely used in skeletal assessment and
relevant terminology will be briefly summarized. The
development of bone densitometry has made it possible
to measure bone mass and assess its contribution to
fracture risk. It is generally accepted that bone mass is
the single best predictor of in vitro skeletal strength?-4
and fracture risk.> The most widely available bone den-
sity technology is dual-energy x-ray absorptiometry
(DXA), which is currently the gold standard for mea-
surement of bone mass. Conventional DXA (also known
as central DXA) is able to measure all skeletal structures,
including those in the thicker body regions such as the
lumbar spine and hip. The related isotopic method,
dual-photon absorptiometry (DPA), is now rarely used.
Other methods are available for measuring bone in the
extremities using radionuclide sources, x-ray, or ultra-
sonography. Quantitative computed tomography can be
used to measure bone density but is infrequently used
outside of research settings. Conventional diagnostic ra-
diographs are still an important component in the as-
sessment of osteoporosis because the presence of fragility
fractures (such as vertebral compression fractures) indi-
cates osteoporosis and high fracture risk independent of
bone mineral density (BMD).

Bone density measurements follow a bell-shaped
(Gaussian) distribution. Therefore, they are described as
the number of standard deviations (SD) that the value
deviates from the mean for normal controls. Age-related
changes in bone density must be taken into account. The
Z-score refers to the number of SD above or below the
mean for an age-matched population. The T-score refers

to the number of SD above or below the mean for a
young adult population (corresponding to peak bone
mass). A World Health Organization report formulated
diagnostic ranges for osteoporosis based on T-score®:
normal is a T-score greater than —1.0 (i.e., the patient’s
BMD is no more than 1 deviation below the young adult
mean), osteopenia (low bone mass) is a T-score between
—1.0 and —2.5, and osteoporosis is a T-score less than
—2.5. The data reviewed for these recommendations
were derived almost exclusively from postmenopausal
white women. Caution must be exercised in extrapolat-
ing the World Health Organization diagnostic criteria to
other groups because BMD and fracture risk are strongly
affected by age, sex, and ethnicity. BMD and calcaneal
ultrasound measurements predict clinical fractures in
older men and women.”® Risk of fracture shows a con-
tinuous gradient relationship with bone density; there is
no true “fracture threshold.” Results are usually stated in
terms of relative risk of fracture per SD change in bone
density. Although any measured site provides fracture
risk information about other sites, the best site for char-
acterizing hip fracture risk is a measure of the proximal
femur (with a relative risk of 2.6 per SD change in bone
density).” It must be remembered that many factors
important in the pathophysiology of fracture (such as
predisposition to falling) are not measurable with bone
densitometry.

Bone cell activity can be evaluated through the mea-
surement of biochemical markers.'? Osteoblasts produce
type I collagen (the primary collagen of bone tissue),
noncollagenous proteins (such as osteocalcin or bone Gla
protein {BGP]), and enzymes (such as serum alkaline
phosphatase). Biochemical markers reflect bone turnover
but are not useful in predicting BMD. Higher levels of
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biliary cirrhosis; PSC, primary sclerosing cholangitis; PTH, parathyroid
hormone.
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Table 1. Quality of Evidence on Which Recommendation Is
Based

Grade Definition

A Homogeneous evidence from multiple well-designed
randomized (therapeutic) or cohort (descriptive)
controlled trials each involving a number of
participants to be of sufficient statistical power

B Evidence from at least one large well-designed
clinical trial with or without randomization, cohort
or case-control analytic studies, or well-designed
meta-analysis

C Evidence based on clinical experience, descriptive
studies, or reports of expert committees
D Not rated

Adapted from Heathcote.1”

bone markers are associated with more rapid bone loss,
although the correlation is relatively poor and limits
their use in individual patients.!’ Higher rates of bone
turnover have been shown to predict greater fracture risk
independent of BMD.!'%12.13 The findings that markers
can show a dramatic and early reduction within weeks of
starting antiresorptive therapy suggest they may be help-
ful in confirming therapeutic effect, because a nadir is
usually reached between 2 and 3 months after initiation
of treatment.'®!> This change is much more rapid than
can be seen with serial BMD measurements. The clinical
role of biochemical markers is still unclear.

Transiliac bone biopsy has been a useful research tool
for characterizing bone metabolism in normal and disease
states. However, the invasiveness, cost, and complexity of
this technique markedly limit its widespread clinical
application. The most important clinical role in hepatic
disorders is for the diagnosis of osteomalacia. This diag-
nosis is based on increased mineralization lag time and
increased osteoid seam thickness (both criteria have to be
present).

Materials and Methods

A systematic literature review was conducted, and
studies were critically appraised using published methods.'®
Evidence was graded using guidelines adapted from the Prac-
tice Guideline Committee of the American Association for the
Study of Liver Diseases'” as summarized in Table 1. Results
were the basis for evidence-based conclusions and recommen-
dations for the hepatic disorders covered in this review.

We searched Medline and ISI Web of Science using general
terms related to osteoporosis and metabolic bone disease (os-
teopor®* OR osteopen®* OR bone density OR fractures OR
“bone loss” OR “bone mineral” OR “bone metabolism” OR
DXA {TITLE} OR DEXA [TITLE} OR “bone densitometry”)
and combined these with specific terms for the relevant hepatic
disorders (liver/transplantationfMAJR] OR “liver diseases”
[MAJR} OR “liver transplantation”[MAJRY). Recently pub-
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lished reviews, references from retrieved articles, and expert
committee reports were manually searched for additional stud-
ies.

Point estimates of prevalence of osteoporosis and mean bone
density were extracted and combined (weighted for patient
numbers) to give pooled estimates. Although not a formal
meta-analysis, results can be taken to reflect general trends in
the published data and should be useful for assessing the
overall magnitude of the impact of various hepatic disorders on
bone metabolism. Pooling of data was site specific but com-
bines related technologies, different vendors, reference ranges,
and sexes. Our analysis did not show any major difference in
results restricted to a technology or vendor. Against the many
other assumptions inherent to bone densitometry, this simpli-
fication is not unreasonable.

This review excludes skeletal disorders unrelated to osteo-
porosis such as avascular necrosis, hepatitis C—associated os-
teosclerosis, and hypertrophic osteoarthropathy. Hepatobiliary
rickets and liver disorders of infancy and early childhood (such
as extrahepatic biliary atresia) are quite different from skeletal
disorders that present in adults and older children and have
also been excluded.

CLD

Metabolic bone disease occurring in individuals
with CLD, known as hepatic osteodystrophy, is a com-
mon complication among individuals with long-stand-
ing hepatic disease, particular those with cholestasis.
Special care is required to prevent the development of
clinical bone disease in individuals with advanced he-
patic disease.

Pathogenesis

Complex metabolic changes in liver disease create
multiple mechanisms for alterations in bone metabolism,
and in any given patient it is likely that multiple factors
are operating simultaneously. Most studies indicate that
markers of bone formation are reduced in both choles-
tatic and noncholestatic liver disease.'® The consistent
observation of decreased bone formation with CLD raises
the possibility that retained substances may impair os-
teoblast function, and it has been shown that unconju-
gated bilirubin impairs osteoblast proliferative capacity
in a dose-dependent fashion.'? Serum bilirubin levels are
typically normal during a prolonged asymptomatic phase
in most forms of cholestatic liver disease. Diamond et
al.?° compared dynamic bone histomorphometry in 80
patients with mixed CLDs and 40 healthy controls. The
prevalence of osteoporosis (defined as trabecular bone
volume less than the lower limit of normal) was 21% and
increased with increasing age and reduced body mass
index. Cirrhotic patients had reduced osteoid thickness,
osteoblast surface, and bone formation rate as well as
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higher mineralization lag time, all of which are consis-
tent with an osteoblast defect. Cirrhotic patients also had
reduced serum BGP or osteocalcin levels, which corre-
lated with bone formation rate (» = 0.59) and osteoblast
surface (r = 0.43).

Insulin-like growth factor 1 is known to play a key
role in the process of bone remodeling and maintenance
of bone mass and is reduced in advanced cirrhosis.?!
Patients with cirrhosis and osteoporosis have signifi-
cantly lower levels of insulin-like growth factor 1 than
nonosteoporotic cirrhotic patients.?? Osteoprotegerin is
produced by the liver and its role in liver disease is still
speculative, but reductions would be expected to result
in increased osteoclast-mediated bone resorption.

Bone loss in women with cholestatic and noncholes-
tatic liver diseases is more rapid than in healthy controls,
and postmenopausal status seems to be a contributing
factor.?>24 Reduced trabecular bone volume in primary
biliary cirrhosis (PBC) appears to be largely confined to
postmenopausal women and more specifically to those
with longer duration of disease and decreased calcium
absorption.?> Because testosterone is metabolized to es-
trogen, men with hypogonadism have a relative decline
in serum estrogen levels; recent data show that estrogen
is very important for maintenance of skeletal health in
men. Nutritional deficiencies are very frequent in pa-
tients with advanced cirrhosis due to a wide array of
metabolic disturbances associated with this disease, as
recently reviewed by Cabré and Gassull.?® Renal tubular
acidosis is more common in patients with liver disease
and may also play a role in the development of metabolic
bone disease.?” A role for malabsorption of vitamin K in
cholestatic disorders also remains speculative.

Medications used in the treatment of liver disease can
also have an adverse effect on bone and calcium metab-
olism. Corticosteroids are frequently used in patients
with autoimmune hepatitis and other inflammatory dis-
orders. Even budesonide, a corticosteroid with minimal
systemic availability, may lead to accelerated bone loss in
cirrhotic patients and postmenopausal women,?8:2° al-
though not all studies have shown a deleterious effect of
budesonide on BMD.3° Some studies suggest that cyclo-
sporin A increases biochemical parameters of bone re-
modeling and paradoxically prevents bone loss in pa-
tients with PBC.3! Interferon alfa reduces markers of
bone turnover and may inhibit the formation of osteo-
blasts,?? but the effect on BMD has not been directly
studied. One cross-sectional study suggested that riba-
virin may induce bone loss when administered for 12
months to patients with chronic hepatitis C (Z-score
—1.5 lower than in non-ribavirin-treated patients),>?
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but the mechanism of this effect is unclear and has
subsequently been contradicted by a longitudinal
study.?* Therapy with the bile acid—binding agent cho-
lestyramine may further decrease absorption of vitamin
D and 25-hydroxyvitamin D (25-OHD), whereas ex-
tended exposure to loop diuretics can further promote
renal calcium loss.

Many series have evaluated bone metabolism in pa-
tients with PBC and most indicate a high turnover state
even when trabecular bone volume and distal forearm
BMD are still normal,?%37 although some reports indi-
cate low bone turnover.?> Reduced trabecular wall thick-
ness and increased bone turnover is proportional to se-
verity of hepatic dysfunction and cholestasis.>® Increased
serum parathyroid hormone (PTH) level has been impli-
cated, possibly in response to reductions in 25-OHD.3?
The increased fractional resorption surface is independent
of vitamin D status but paradoxically appears to resolve
with parenteral vitamin D,.37 An osteoblast defect may
also exist in PBC,?® although other studies show in-
creased osteoblast activity.4® One retrospective study did
not find any osteomalacia or osteoporotic condition in
women with PBC aged 45-54 years, although indices of
bone turnover were increased and similar findings were
shown in women with PBC aged 65—74 years and those
with age-related osteoporosis.*! This suggests that some
of the osteoporosis attributed to PBC may be the result
of the concomitant aging process. Finally, it has been
suggested that precipitation of calcium salts by unab-
sorbed fats within the intestinal lumen may contribute to
the calcium malabsorption in chronic cholestasis. Other
chronic cholestatic disorders such as primary sclerosing
cholangitis (PSC) have not been as thoroughly studied,
but histologic examination in advanced cases again shows
increased bone resorption, reduced formation, and no
osteomalacia.*?

Osteoporotic patients without fractures typically have
a normal serum alkaline phosphatase level, and an in-
creased value in a patient with osteoporosis may be a clue
to the presence of PBC. The prevalence of occult celiac
disease is substantially increased in patients with
PBC.%3-4¢ Patients with autoimmune cholangitis, PSC,
and autoimmune hepatitis may also have an increased
prevalence of celiac disease.?”-1® Routine serologic screen-
ing for celiac disease has been suggested in these pa-
tients, although a high prevalence of false-positive anti-
gliadin and anti-tissue transglutaminase antibodies have
been reported in patients with CLD.#°->! Anti-endomy-
sial antibodies are probably the preferred screening test.
Although no studies have specifically assessed the impact
of coexistent liver disease and celiac disease on osteopo-
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rosis or fractures, the effect is likely to be greater than if
these disorders occur in isolation.

Twin studies suggest that up to 85% of the variation
in peak bone mass is determined by genetic factors.>?
Several candidate gene polymorphisms have been associ-
ated with alteration in BMD. There is some suggestion
that PBC may be associated with a higher frequency of
the BB genotype for the vitamin D receptor locus BsmI
and rare haplotypes,>3>4 although others have not con-
firmed any difference in the prevalence of polymorphisms
for the vitamin D receptor or a; chain of type 1 collagen
(COLIA1).>> In healthy populations, the BB allele pair
has been associated with reduced BMD. A trend for
lower BMD in patients with PBC carrying a B allele has
also been reported,>? although other studies found no
difference® or even the opposite effect.> The s allele for
the COLIA1 Fnu4HI restriction site was associated with
reduced spine (but not hip) BMD but did not correlate
with subsequent BMD loss or prevalence of vertebral
fracture.>>

Viral cirrhosis is associated with significant reductions
in serum BGP, PTH, testosterone (in men), 25-OHD,
and 1,25(OH),-vitamin D levels, increased bone specific
alkaline phosphatase and carboxy-terminal telopeptide of
type I collagen, and a picture of uncoupled high bone
turnover.>°=>¢ BMD has shown significant positive cor-
relations with 25-OHD level, insulin-like growth factor
1 level, and preserved liver function but inverse correla-
tions with BGP and collagen breakdown products.?256-58
Lower levels of 25-OHD, testosterone (in men), and
insulin-like growth factor 1 in more advanced Child-
Pugh stages may contribute to the correlation between
BMD and disease severity.?>>¢ Together, these data in-
dicate a possible role for vitamin D deficiency and hy-
pogonadism (in men).

Alcoholic patients with cirrhosis show a pattern of
low-turnover osteoporosis; however, in “abstainers” or
when the liver biopsy specimen shows only steatosis,
histologic and biochemical markers of osteoblast func-
tion are normal.>*~%2 Among 56 male alcoholic patients,
18 (32%) had both low serum 25-OHD and decreased
BMD levels.®? A baseline transiliac biopsy specimen with
double-tetracycline labeling showed reduced bone forma-
tion and trabecular mean wall thickness but did not show
any cases of overt osteomalacia. Dramatic short-term
increases in BMD of the distal radius with vitamin D
supplementation, up to +27.4%, implicate vitamin D in
the pathogenesis of this disorder. Reduced serum testos-
terone levels, present in both actively drinking alcoholic
patients and “abstainers” with CLD, probably contrib-
utes to the skeletal deficit.** Actively drinking alcoholic
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patients show reduced BGP levels, but this recovers after
10 days of abstention, whereas collagen breakdown prod-
ucts are elevated in both actively drinking and abstaining
alcoholic patients.®> These data indicate that excessive
alcohol intake can have a direct action on bone, leading
to imbalance in formation and resorption and favoring
the development of osteopenia.

Although the overwhelming majority of people with
genetic hemochromatosis are asymptomatic, late-stage
(cirrhotic) disease is frequently associated with hypogo-
nadism,® probably explaining why all subjects in one
cohort with a lumbar T-score less than —2.5 were men (6
of 9 with symptomatic hypogonadism).®” In univariate
analysis, the risk of osteoporosis is significantly increased
by liver cirrhosis but highly influenced by the degree of
iron overload.®” Bone biopsy specimens in patients with
the lowest BMD did not show evidence of osteomalacia,
and mean levels of bone formation and resorption mark-
ers were normal.®® Iron may exert an inhibitory effect on
osteoblast function, although conclusive evidence is still
lacking.?0-66

Osteomalacia. The essential role of the liver in bile
salt secretion, absorption of dietary vitamin Dj, and
subsequent 25-hydroxylation to 25-OHD led to the
incorrect belief that osteomalacia would be the primary
skeletal disorder. Early estimates of the prevalence of
osteomalacia in chronic cholestatic liver disease ranged
from 0% to 64%.51-% This enormous variation has been
attributed to patient selection bias, variability in the
severity of liver disease, and differences in histologic
criteria for the diagnosis, with the highest rates seen
when the diagnosis did not use the strict criteria. At one
time, it was claimed that osteomalacia occurred in cir-
rhotic patients despite adequate vitamin D, replacement,
possibly from 1-o hydroxylase failure or differential ef-
fect of vitamin D, and Dj, but subsequent studies have
conclusively disproved this.®® Malabsorption of vitamin
D in cholestatic liver disease has been clearly shown and
may be aggravated by the use of cholestyramine.”® This
requires an increased dose of vitamin D to compensate for
reduced intentional absorption of 25-OHD undergoing
enterohepatic circulation, but there is normal metabo-
lism and target tissue responsiveness with adequate dos-
ing.”! PBC-associated osteomalacia can be healed with
oral or parenteral vitamin D therapy despite ongoing use
of cholestyramine, and serum 25-OHD is a good indi-
cator of effective treatment.”0.72

It is now widely accepted that, although the potential
for osteomalacia exists, osteoporosis is the primary met-
abolic bone disease found in association with CLD and
vitamin D plays a minor role.?87374 Metabolism of vi-
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Table 2. Uncontrolled Cross-sectional Studies of Bone Density in Chronic Liver Disease

BMD Prevalence of reduced bone
Reference instrument Subjects Mean bone density density and definition used
Angulo et al.®* DPA 81 PSC Lumbar: 95% AM Lumbar T <—2.5:8.6%
Crippin et al.®5 DPA 203 female PBC Lumbar: 93% AM
Guanabens et al.3t DPA 38 female PBC Lumbar <0.979 g/cm? (“fracture
threshold”): 45%
Hay et al.*2 DPA 18 new-diagnosis PSC Lumbar: Lumbar BMD <0.900 g/cm?
30 pre-OLT PSC 96.0% AM at diagnosis (“fracture threshold”):
185 healthy controls 77.6% AM pre-OLT 0% at diagnosis
50% pre-OLT
Lindor et al.%t DPA 88 PBC Lumbar BMD <0.85 g/cm?2
(“fracture threshold”): 35%
Olsson et al.93 SPA 39 AlH Distal forearm:
32 PBC AlH 93.8% AM
PBC 97.8% AM
Pereira et al.40 DXA 36 female PBC Total body BMC/lean body Lumbar T <—2.5: 17%
mass: 76% AM Femoral neck T <—2.5: 14%
Shiomi et al.85 DXA 41 PBC Lumbar:
SPA 56 VC Normal <60 yr
77% AM in PBC >60 yr
89% AM in VC >60 yr
Radius:
Normal <60 yr
reduced for >60 yr
Sinigaglia et al.e” DXA 31 HHC Lumbar T <-2.5:
Non-cirrhotic 7%
Cirrhotic 47%
Springer et al.54 DXA 72 female PBC Lumbar T: —1.4 Lumbar T <—2.5: 24%
Lumbar Z: —0.2 Lumbar Z <—-2: 11%
Femoral neck T: —1.9 Femoral neck T < —2.5: 32%
Femoral neck Z: —0.5 Femoral neck Z < —2: 10%
Stellon et al.6t SPA 36 PBC or PSC Distal radius Z: Radius Z <—2: 14%
—0.3 male
—0.7 female
Mid-radius Z:
+0.6 male
—0.3 female
Wolfhagen et al.101 DXA 12 PBC Lumbar Z: —0.3

Femoral neck Z: —0.3

AM, age-matched healthy controls; AlH, autoimmune hepatitis; VC, viral cirrhosis; HHC, hereditary hemochromatosis; SPA, single photon

absorptiometry.

tamin D is normal in hepatic osteodystrophy,’>~78 but
malabsorption of both calcium and vitamin D may occur
and contribute to skeletal effects. Adults derive most of
their vitamin D from photoconversion in the skin, and
patients with cholestasis appear to have normal photo-
conversion.”>’? Serum vitamin D binding protein may
be reduced in liver disease, but it is unlikely that this
will significantly affect serum 25-OHD concentration
because saturation of serum vitamin D binding protein is
normally very low (2%-3%).%>

In the largest and most complete assessment to date of
vitamin D metabolism in CLD, Diamond et al.3° studied
107 patients with CLD of various causes (including 19
with primary cholestatic disorders) and compared static
and dynamic bone histomorphometry with 40 age-
matched controls. Levels of vitamin D metabolites were
normal in noncirrhotic patients and were independent of

the underlying diagnosis. Cirrhotic patients showed a
significant decrease in 25-OHD and 1,25(OH),-vitamin
D, but this was largely explained by variations in the
carrier proteins, albumin, and serum vitamin D binding
protein. Although 21% of the patients also had a reduc-
tion in serum-free 1,25(OH),-vitamin D, none of these
showed histologic features of osteomalacia. Osteoblast
dysfunction, as measured by BGP response to oral sup-
plementation with calcitriol (1,25{OH },-vitamin Dj),
produced a subnormal result in 44 patients with histo-
logic abnormalities compared with 20 healthy controls.
Together, these findings indicate that osteoblast dysfunc-
tion in CLD cannot be explained by abnormalities in
vitamin D metabolites or their effects. Bone histomor-
phometry showed similar changes in cirrhotic and non-
cirrhotic patients, although there was a higher prevalence
of low trabecular bone area and reduced bone formation
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Table 3. Controlled Cross-sectional Studies of Bone Density in Chronic Liver Disease
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BMD Prevalence of reduced bone density
Reference instrument Subjects Mean bone density and definition used
Bagur et al.3° DXA 23 female PBC Lumbar Z: —1.3 Lumbar T <—2.5: 56%
100 healthy controls Total body Z: —1.3
Bonkovsky et al.81 DPA 133 mixed CLD Lumbar: 95% AM Lumbar Z <—2: 26%
300 healthy women Femoral neck: 94% AM Femoral neck Z <—2: 13%
Chen et al.58 DPA 30 male VC Lumbar: VC 90.6% AM Lumbar Z <-2:
10 healthy controls VC 20%
Controls 10%
Conte et al.88 SPA 6 cirrhotic HHC Forearm metaphysis:
8 cirrhotic ALD HHC 78% AM
30 healthy controls ALD 101% AM
Corazza et al.5é DXA 31VC Lumbar T: Lumbar T <-2.5:
37 healthy controls -1.6 VC 21% VC
—0.3 controls 8% controls
Femoral neck T: Femoral neck T <—2.5:
-1.5VC 10% VC
—0.9 controls 3% controls
Diamond et al.8” SPA 115 mixed CLD Lumbar Z <—2:
QCT 113 healthy controls 16% CLD
7% controls
Forearm Z <—-2:
23% CLD
5% controls
Diamond et al.8° SPA 54 mixed cirrhotic CLD Lumbar QCT:
QCT 53 mixed noncirrhotic CLD Noncirrhotic 94.9% AM
113 healthy controls Cirrhotic 81.6% AM
Forearm:
Noncirrhotic 102% AM
Cirrhotic 91.0% AM
Eastell et al.?° DPA 210 female PBC Lumbar Z: —0.66
139 healthy women
Floreani et al.18 DPA 38 PBC Lumbar:
11 noncholestatic CLD PBC 88.2% AM
20 healthy controls Noncholestatic 86.0% AM
Gallego-Rojo
et al.22 DXA 32 male VC Lumbar Z: —1.27 Any site T <—2.5: 53%
24 healthy controls Femoral neck Z: —0.48
Halmos et al.53 DXA 30 new-diagnosis PBC Lumbar T:
51 healthy controls PBC —2.2
Controls —2.3
Lumbar Z:
PBC —1.0
Controls —0.8
Lumbar BMD <0.900 g/cm?
Hay et al.*2 DPA 18 new-diagnosis PSC Lumbar: (“fracture threshold”):
30 pre-OLT PSC 96.0% AM at diagnosis 0% at diagnosis
185 healthy controls 77.6% AM pre-OLT 50% pre-OLT
Kalef-Ezra et al.92 DXA 27 mixed AIH Lumbar:
SPA 17 mixed cirrhotic CLD AlH 102% AM
180 healthy controls Cirrhotic 90.9% AM
Distal third forearm:
AlH 99.3% AM
Cirrhotic 90.8% AM
Masaki et al.23 DXA 184 VC Lumbar Z:
905 healthy controls Normal in males
Normal in females age <60 yr
Reduced in women age =60 yr
Mitchison et al.3¢ SPA 33 new-diagnosis PBC Distal forearm: Distal forearm Z <—2: 9%

local healthy controls

PBC = controls
Distal femur:
PBC = controls

Distal femur Z <—2: 0%

(continued on following page)
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Table 3 (continued).
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BMD Prevalence of reduced bone density
Reference instrument Subjects Mean bone density and definition used
Ormarsdottir et DXA 72 mixed CLD Lumbar Z: Lumbar or femoral neck T <—2.5:
al.84 122 healthy controls —-0.35 CLD 30% CLD
+0.26 controls 15% controls
Femoral neck Z:
—0.18 CLD
+0.1 controls
Pares et al.5 DXA 61 female PBC Lumbar T: —1.4 Lumbar T <—2.5: 19%
local healthy controls Lumbar Z: —0.3 (est.)
Femoral neck T: —1.4
Lumbar Z: —0.6 (est.)
Pietschmann SPA 49 mixed cirrhotic CLD Distal forearm: 80% AM
et al.83 35 healthy controls
Resch et al.5° SPA 18 male steatotic ALD Distal forearm:
22 male cirrhotic ALD Steatosis 91.2% AM
23 healthy controls Cirrhosis 78.0% AM
Riggio et al.®® DXA 22 mixed cirrhotic CLD Total body: 91.5% AM
16 healthy controls
Stellon et al.%8 SPA 36 AlH Radial metaphysis: Radial metaphysis or diaphysis Z
Reduced (P = 0.05) <-2:14%
Radial diaphysis:
Normal
Tsuneoka et al.5” DXA 40 VC Lumbar: Lumbar BMD <90% AM:
20 VH VC 75.8-81.1% AM VC 40%
40 healthy controls VH 80.8-89.3% AM VH 20%
Van Berkum DPA 55 female PBC Lumbar: 92% AM BMD <5th percentile for age:
et al.86 SPA 55 healthy controls Distal forearm: 92% AM 9% lumbar

Proximal forearm: 95% AM

5% distal forearm
4% proximal forearm

AM, age-matched healthy controls; VC, viral cirrhosis; HHC, hereditary hemochromatosis; ALD, alcoholic liver disease; AIH, autoimmune
hepatitis; est, estimated from graphical data; QCT, quantitative computerized tomography; VH, viral hepatitis.

rate in the cirrhotic patients. Greater age and hypogo-
nadism independently correlated with reduced trabecular
bone area. A low bone formation rate was present in 51%
of the cirrhotic patients, and this correlated with age,
hypogonadism, and serum albumin levels but not with
levels of vitamin D metabolites.

Other recent studies have confirmed the rarity of
osteomalacia in cholestatic and noncholestatic disor-
ders.?>:38 Calcium malabsorption has been reported in
both hepatocellular and biliary liver disease. Fractional
calcium absorption is frequently reduced in chronic cho-
lestasis, and this correlates with low serum 25-OHD
levels.?>%8 Some reports indicate normal levels of serum
vitamin D metabolites,®! whereas others suggest a high
prevalence of deficiency.%®-82 Even if frank osteomalacia is
rare, vitamin D insufficiency may contribute to hepatic
osteodystrophy. Pietschmann et al.8? reported signifi-
cantly reduced BGP, reduced 25-OHD, and normal se-
rum PTH levels in 49 mixed cirrhotic patients with a
6-year mean duration of disease. There was moderate
correlation between 25-OHD and corrected serum cal-
cium (» = 0.47; P < 0.03) and between 25-OHD
and BGP (r = 0.62; P < 0.001) levels. These find-

ings suggest that vitamin D deficiency and decreased
bone formation contribute to the skeletal deficit in
cirrhosis.

Prevalence of Bone Disease in CLD

Results from uncontrolled (Table 2) and con-
trolled (Table 3) studies of bone mineral content (BMD)
in CLD are summarized. DXA and DPA data from the
spine and hip were pooled after excluding data related to
newly diagnosed cases (where specified) because this may
underestimate the impact of CLD on bone metabolism.
The mean pooled lumbar spine Z-score was —0.68, with
severely reduced BMD (Z-score less than —2) in 21%
and osteoporosis (T-score less than —2.5) in 21%. The
equivalent values for the hip were a mean Z-score of —0.44,
with severely reduced BMD (Z-score less than —2) in
12% and osteoporosis (T-score less than —2.5) in 23%.

Tables 2 and 3 indicate marked heterogeneity in BMD
findings in CLD, ranging from no effect to a large BMD
deficit. When healthy controls are included, the mean
T-score from DXA is often negative,>3-5¢ with rates of
osteoporosis (T-score less than —2.5) up to 15%.84 Un-
controlled studies may therefore exaggerate the apparent
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severity of hepatic osteodystrophy, especially in older
subjects who are expected to show “normal” age-related
BMD loss. For example, Ormarsdéttir et al.3* found a
15% prevalence of osteoporosis among 122 healthy age-
matched controls. Technical factors, including the
method and site of skeletal assessment, are also impor-
tant because cortical sites appear to be much less sensi-
tive than the vertebral trabeculae.?28%-8¢ Finally, patient
populations vary greatly in terms of average age, gonadal
status, diagnosis, duration of disease, severity of liver
dysfunction, and previous exposure to bone-active treat-
ments (such as calcium, vitamin D, and corticosteroids).

There was no consistent relation between diagnosis
and skeletal deficit. Importantly, cholestatic disorders
(PBC and PSC) are reported to show a greater reduction
than noncholestatic liver disease in some studies!s-81.85
but not in others.8487 Separate pooling of the studies in
Tables 2 and 3 suggests that a difference probably exists
but that it is quite mild (mean Z-score for the spine:
—0.7 cholestatic, —0.5 noncholestatic; for the hip: —0.6
cholestatic, —0.4 noncholestatic). Alcohol-associated cir-
rhosis (but not steatosis) was associated with normal
BMD in 2 of 3 studies.>?81-8% Habitual alcohol consump-
tion (more than 80 g/day) was shown to worsen bone
disease in patients with viral cirrhosis?> but not with
hemochromatosis.” No difference has been found be-
tween hepatitis B and hepatitis C.?223

Osteoporosis may appear more striking in patients
with PBC because the disease usually affects elderly
women, who are naturally prone to osteoporosis. Osteo-
porosis can be the first clinical manifestation underlining
cholestatic liver disease, so it may be worthwhile to
screen for anti-mitochondrial antibody in osteoporotic
patients with both an elevated y-glutamyltransferase and
serum alkaline phosphatase level.®” In the largest con-
trolled study of PBC to date, lumbar Z-scores were
moderately reduced (mean Z-score, —0.66).2° Lumbar
Z-score correlated significantly with a calculated risk
score based on age, bilirubin level, prothrombin time,
serum albumin level, and edema (» = —0.36, P <
0.001). This inverse relationship between BMD and liver
dysfunction has been confirmed by other groups.®* BMD
is strongly affected by estrogen status in PBC. It is
usually normal in premenopausal women and shows the
greatest skeletal deficit in premature menopause.>® Pa-
tients with newly diagnosed PBC have a BMD similar to
healthy controls, but the finding of a Z-score SD signif-
icantly greater than 1 shows greater than normal heter-
ogeneity and may indicate a more susceptible subpopu-
lation.>3
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Established cirrhosis was generally associated with
lower BMD than noncirrhotic liver disease (with a
single exception?3).57,59:67,80.87.92 Bone density in pa-
tients with newly diagnosed PBC and PSC is similar
to healthy controls.3¢42.53 Duration of liver disease
not correlate with BMD.18:42,54,56,57,83,84,95.94

Among cirrhotic patients, more advanced clinical

does

stage (Child—Pugh), composite scores (Mayo risk
score), and histologic stage (Scheuer) generally showed
progressively more severe skeletal deficit (with 3 excep-
tions39-58,83) 40,42,56,85,86,90,91,94,95 Single biochemical indi-
cators of liver disease (serum albumin level, bilirubin level,
liver enzyme levels, prothrombin time) do not corre-
late as COﬂSiStently.18’23’39’42’54’57’59’61’81’84’90’91’95’94’96
Ascites??>7 but not edema, gastroesophageal varices, or
hepatoma®® appears to be a clinical marker for lower
BMD. Coexisting gastrointestinal disease (such as in-
flammatory bowel disease in PSC) may be an additional
risk factor.?* Osteoporotic lumbar BMD in hereditary
hemochromatosis was associated with the amount of iron
accumulation (in addition to serum-free testosterone,
lack of HLA-A3, and body mass index).®” Biochemical
markers of bone metabolism have shown variable correla-
tions with BMD. Studies that have examined this for serum
PTH’18,22,56,58,81,93,96 25_OHD’22,23,42,56,58,80,81,84,85,93,95,96
and BGP!8:22:23,56,58,81,83,93,9697 haye been largely negative.
Bone resorption markers appear more promising with sig-
nificant inverse correlations in most,225%57:97 but not
all,'®81 studies.

Many studies have attempted to identify clinical predic-
tors of BMD. An inverse correlation between older age and
age-adjusted BMD is found in most,!823,57.80,84,85.87.94 byt
not all,42:56,67,:81.90.96 serjes. As expected, women showed
reductions in age- and sex-matched BMD that were
equal®>94 or greater than in men.?*#4 Menopause (espe-
cially premature menopause) and male hypogonadism
adversely affected BMD in some,'823:39:54.80.87 but not
all 8093.98 geries. Serum testosterone levels in men corre-
lated with BMD in 2 studies®®°” but not in 2 others.>8-84
Greater body mass and weight may be associated with
greater BMD,>48499 but the correlation is inconsis-
tent.>%6793 Use of corticosteroids in mixed liver disorders
(including autoimmune hepatitis, PBC, and PSC) has
been associated with reduced BMD in some,0!:84:86.93 but
not other,12:54.87.94.98 studies. Cholestyramine was not
associated with reduced BMD in one study of patients
with PBC.'8 Use of multiple clinical variables may be
more useful. A relatively simple prediction rule, relying
on body mass index, corticosteroid history, age, and sex,
appeared to predict the presence of osteoporosis with an
accuracy of 83%.5%4
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Table 4. Longitudinal Studies of Bone Density in Chronic Liver Disease

Reference BMD instrument Subjects Mean follow-up (yn) Change (annual %)
Angulo et al.®* DPA 42 PSC (placebo arm) Uptob Lumbar: —1%
Eastell et al.? DPA 105 female PBC 2 Lumbar: —1.98%
Floreani et al.18 DPA 38 PBC 0.5 Lumbar PBC: —6.2%
11 noncholestatic CLD Lumbar noncholestatic: no change
20 healthy controls Lumbar controls: no change
Guanabens et al.3t DPA 19 female PBC (placebo arm) 2 Lumbar: —3.5%
Guanabens et al.100 DPA 11 PBC (placebo arm) 2 Lumbar: —3.3%
Herlong et al.82 SPA 15 women PBC 1 Distal radius: —6.1%
Leuschner3© DXA 18 PBC (placebo arm) 2 Lumbar: —0.5%
Lindor et al.%t DPA 38 PBC (placebo arm) 2.3 Lumbar: —0.7%
30 PBC with lumbar T
Lindor et al.o7 DXA <—2 (placebo arm) 1 Lumbar: —0.9%
Total hip: +0.9%
Masaki et al.23 DXA 61 VC 0.8-6 Lumbar:
—0.6% males
—2.8% females
Pares et al.55 DXA 61 female PBC 1 Lumbar: —1.2%
Shiomi et al.24 DXA 38 PBC (control arm) 2.5 Lumbar:
—0.4% males
—2.3% females
Shiomi et al.®® DXA 17 PBC (control arm) 1-3.5 Lumbar: —3.1%

SPA, single photon absorptiometry; VC, viral cirrhosis.

Longitudinal Studies of Bone Density in
CLD

Most published longitudinal studies of BMD in
CLD have focused on cholestatic disorders, and many of
these have been limited by small patient numbers, short
follow-up, measurement at peripheral sites with poor
site-responsiveness, and instrumentation with subopti-
mal precision (Table 4). Other studies failed to replace
vitamin D-deficient patients; therefore, bone loss may
not be representative of nutritionally replete individu-
als.2496 Most of the available data concern the lumbar
spine, and the general absence of hip data is a significant
shortcoming.

In general, rates of bone loss are similar to ex-
pected,?3-30,55,91,9497 although 2 often-quoted studies of
women with PBC or viral cirrhosis have shown acceler-
ated bone loss.?>%° Some data suggest that women had
more rapid bone loss than men,?*?4 but another study
found no gender difference.®* Age, menopause, diagnosis
(cholestatic vs. noncholestatic), corticosteroid use, body
mass and weight, serum bilirubin level (with a single
exception®®), Mayo risk score, and presence or duration of
inflammatory bowel disease (in PSC) have not been
shown to affect the rate of bone loss, although data are
qulte limited.18’9()’94’100

Data concerning BMD loss in primary cholestatic
disease are contradictory. The largest PBC cohort evalu-
ated women only (age range, 27—77 years; 38% post-
menopausal) and found annual rates of spine bone loss in
PBC significantly greater than predicted (PBC, —1.9%

vs. predicted —0.96%; P < 0.02).2° All of the women
were taking calcium supplements (1300 mg/day) and
vitamin D supplements (if serum 25-OHD was reduced),
but none of the postmenopausal women received hor-
mone replacement therapy. There was no correlation
between the rate of bone loss and markers of liver disease
severity. Other studies have found that bone loss in PBC
is similar to predicted age-dependent
loss.30-3:21.97 One study even failed to find evidence of

normal

rapid bone loss in a high-risk group with preexisting
osteoporosis (initial lumbar spine T-score less than —2)
in up to 2 years of follow-up.?” Bone loss is accelerated in
corticosteroid-treated PBC.'°* One study of BMD loss in
PSC found similar rates for patients and healthy controls
over follow-up of up to 5 years.?t Ursodeoxycholic acid
did not affect the rate of bone loss in a treated subgroup.

One longitudinal study in patients with viral cirrhosis
(largely hepatitis C related) was identified.?> Sixty-one
male and female Japanese patients with lumbar spine
DXA were followed up for 10—72 months. The annual
change in men was not significantly different from
healthy controls (—0.6% per year), whereas women
showed significantly greater bone loss than expected
(—2.8% per year). These data are consistent with the
cross-sectional results discussed earlier and are similar to
findings in Japanese patients with PBC,?4 although once
again the high prevalence of untreated vitamin D defi-
ciency raises concerns over the ability of these results to
reflect the natural history of bone loss in vitamin D—re-
plete patients.
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Table 5. Fracture Prevalence and Incidence in Chronic Liver Disease

GASTROENTEROLOGY Vol. 125, No. 3

Mean Incident
Reference Subjects Prevalent fractures (%) follow-up (yn fractures (%)
Angulo et al.%4 81 PSC Upto 5 Vertebral: 2%
Chen et al.58 30 male VC Vertebral: 7%
Diamond et al.8” 115 mixed CLD Vertebral:
113 healthy controls 14% male CLD
6% male controls
6% female CLD <60 yr
4% female controls <60 yr
67% female CLD =60 yr
33% female controls =60 yr
Peripheral:
15% male CLD
4% male controls
20% female CLD <60 yr
8% female controls <60 yr
67% female CLD =60 yr
33% female controls =60 yr
Guanabens et al.25 20 PBC Vertebral: 20%
Guanabens et al.31 38 female PBC (placebo arm) Vertebral: 13% 2 Vertebral: 5%
Hay et al.*2 18 new-diagnosis Vertebral:
PSC At diagnosis 0%
30 pre-OLT PSC Pre-OLT 7%
Kalef-Ezra et al.92 27 mixed hepatitis Vertebral:
17 mixed cirrhosis Hepatitis 7%
Cirrhosis 12%
Lindor et al.o” 30 PBC with lumbar Vertebral: 10% 1-2 Vertebral: 13%
T <—2 (placebo arm)
Olsson et al.?3 39 hepatitis Vertebral:
32 PBC Hepatitis 44%
PBC 7%
Ormarsdottir et al.84 72 mixed CLD Vertebral: 15%

Pares et al.5%

Stellon et al.%8
Stellon et al.6t

61 female PBC

36 AlH on corticosteroids

36 PBC or PSC

Vertebral: 13%
Peripheral: 10%
Vertebral: 3%

Vertebral: 14%

VC, viral cirrhosis; AlH, autoimmune hepatitis.

Many of the published longitudinal studies are flawed
and may explain the inconsistent findings, even from the
same group.31:5%190 The very high rates of bone loss re-
ported in some studies, if sustained over many years, would
be predicted to cause extreme levels of demineralization, but
this is not supported by the cross-sectional data.

Fracture Prevalence and Incidence in CLD

Population differences in terms of age, sex, and
corticosteroid exposure probably contribute to the wide
reported range (3%—44%) in prevalent vertebral fracture
rates (Table 5).93-98 Fracture rates increase dramatically in
older subjects, and this expected pattern is seen in pa-
tients with CLD.%” In the largest cohort to date, Dia-
mond et al.?” found prevalent vertebral and peripheral
fracture rates among patients with mixed liver disorders
that were approximately twice the rate of matched con-
trols. Postmenopausal women were at much greater risk
than men or younger women (fracture rates of 67%,

14%-15%, and 6%—-20%, respectively). In regression
analysis, vertebral fractures were independently related
to lower spine BMD, severity of liver dysfunction, and
hypogonadism. Peripheral fractures were related to es-
tablished cirrhosis, hypogonadism, and alcohol abuse.
Fracture rates were minimal in eugonadal noncirrhotic
patients.®487

Other smaller studies have confirmed higher fracture
rates in patients with more severe dysfunction (with a
single exception®?)42>8 and lower BMD (with a single
exception3?).64.87.94.97 No association has been seen with
serum PTH, 25-OHD, or biochemical markers of liver
and bone metabolism.3?

Cholestatic disease has been reported to be associated
with fracture rates both greater than®? and similar to®”
noncholestatic disorders. Interestingly, the highest rate
of prevalent fractures (44%) was seen in patients with
autoimmune hepatitis, and this was much greater than in
patients with PBC (7%).2> Most of the patients with
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autoimmune hepatitis had been treated with corticoste-
roids. These limited data suggest that fractures may not
be a major clinical problem in early-stage PBC, as dis-
tinguished from patients with PBC undergoing liver
transplantation or those with more advanced disease who
are probably at significantly increased fracture risk. This
area is still quite controversial, and larger studies are
needed.

Incident fracture rates have been even less well char-
acterized. One study in patients with PSC reported only
2% symptomatic vertebral fractures in up to 5 years of
follow-up,®* and another study of women with PBC
found 5% with new radiographic vertebral fractures over
2 years of follow-up.3! In the control arm of a treatment
study in patients with PBC with established osteoporosis
(lumbar T-scores less than —2), 9% had prevalent ver-
tebral fractures and 13% experienced new radiographic
vertebral deformities over the next 1-2 years (similar to
the rate of 14% in the etidronate-treated arm).°” Re-
duced lumbar spine BMD (below the fourth percentile)
appeared to be a marker for increased risk of vertebral
fracture.

Summary of Bone Disease in CLD

1. On average, there is a mild BMD deficit in CLD,
but considerable patient heterogeneity exists (level
B evidence).

2. In the absence of concurrent corticosteroid therapy,
rates of BMD loss are similar to predicted (level B
evidence).

3. Vertebral and nonvertebral fracture rates are in-
creased in CLD, especially in postmenopausal
women (level A evidence).

4. Markers of greater osteoporosis and fracture risk
include older age, hypogonadism, corticosteroid
therapy, and established cirrhosis (level B evi-
dence).

5. Eugonadal noncirrhotic patients generally have a
low incidence of osteoporotic fractures (level A
evidence).

6. Patients with PBC are at increased risk for osteo-
porosis due to predominant female sex and older
age, but cholestatic disease per se does not differ
significantly from noncholestatic disorders in terms
of osteoporosis and fracture risk (level A evidence).

7. Prediction rules relying on multiple variables (such
as body mass index, corticosteroid history, age, and
sex) may be a useful aid in predicting the presence
of osteoporosis and for risk stratification (level B
evidence).
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Liver Transplantation

As the long-term survival of patients undergoing
orthotopic liver transplantation (OLT) increases, osteo-
porosis is becoming a major cause of morbidity.'°> The
etiology is multifactorial, and pretransplant bone disease
and posttransplant factors both contribute to the prob-
lem. Of these, the most important factor in the devel-
opment of posttransplant bone disease is the degree of
osteopenia at the time of OLT.”* The use of high-dose
corticosteroids and other immunosuppressive agents such
as cyclosporin A and tacrolimus (FK506), immobility,
and poor nutrition are believed to contribute to the
excessive bone loss after OLT. Postoperative regimens are
changing, and patients now spend much less time im-
mobilized in the hospital. Newer immunosuppressive
regimens are also less reliant on corticosteroids. An im-
portant but unanswered question is whether these unde-
sirable effects of liver transplantation on bone can be
avoided.

Pathogenesis

Immunosuppressive therapy used to prevent re-
jection of the transplanted liver undoubtedly contributes
to rapid loss of bone mass after OLT. The deleterious
effect of high-dose corticosteroids is well known, and
maximum bone loss occurs during the first 3—6 months,
when the corticosteroid dose is the highest. Bone loss
decreases as corticosteroids are tapered down to mainte-
nance levels. A similar temporal relationship holds for
cyclosporine and tacrolimus. An early decrease in lumbar
spine BMD (between baseline and 4 months) is followed
by partial recovery at 12 months in patients treated with
either cyclosporine or tacrolimus.'?® It is difficult to
separate the effects of corticosteroids from those of cy-
closporine and tacrolimus because both are elements of
most standard immunosuppressive regimens. Because
these agents are also corticosteroid sparing, their overall
role in posttransplant osteopenia is obviously complex.
Animal studies suggest that both agents can lead to
high-turnover osteoporosis with accelerated bone resorp-
tion'94-196 and have been implicated in the osteopenia of
patients undergoing cardiac transplantation, but there
are currently no human data to confirm these findings in
OLT recipients.'®” Greater loss of lumbar spine BMD
may occur with cyclosporine than with tacrolimus, pos-
sibly related to earlier withdrawal of corticosteroids and
lower cumulative doses with the latter, although the
degree of hip loss is similar.'3-198 Paradoxically, one
randomized study found that most of the fractures actu-
ally occurred in the tacrolimus group.'®3 A larger study
will be needed to resolve these discordant findings.
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Table 6. Uncontrolled Cross-sectional Studies of Bone Density in OLT

GASTROENTEROLOGY Vol. 125, No. 3

BMD Prevalence of reduced bone
Reference instrument Subjects Mean bone density density and definition used
Arnold et al.115 DXA 80 mixed pre-OLT Lumbar Z:
SPA 48 mixed post-OLT —0.59 pre-OLT
—0.95 at 6 mo
—1.13 at 12 mo
—0.91 at 24 mo
—0.89 after 24 mo
Cortical radius Z:
—0.66 pre-OLT
—0.07 at 6 mo
—0.92 at 12 mo
—1.25 at 24 mo
—0.75 after 24 mo
Crosbie et al.111 DXA 27 mixed pre-OLT Lumbar T: —1.48 Lumbar T <—2.5: 41%
Femoral neck T: —1.36 Femoral neck T <—2.5: 37%
Feller et al.112 QCT 28 mixed pre-OLT Lumbar Z:
—0.82 pre-OLT
—2.04 at 3 mo
—1.68 at 12 mo
—1.00 at 85 mo
Floreani et al.122 DXA 54 end-stage CLD Lumbar Z: Lumbar BMD <0.800 g/cm?
(26 transplanted) —1.5 end-stage CLD (“fracture threshold”): all
—1.4 pre-OLT end-stage CLD 41%
—1.6 at 3 mo
—1.4 at 12 mo
Giannini et al.12° DXA 46 mixed post-OLT Lumbar Z: Lumbar T <—2.5: 30%
(1-48 mo) Males —1.7 Femoral neck T <—2.5: 46%
Females —1.7
Total hip Z:
Males —1.1
Females —1.9
Hamburg et al.123 DXA 45 post-OLT 1 yr Lumbar Z:
17 post-OLT 5 yr —1.6atlyr
4 post-OLT 10 yr —1.0at5yr
—0.3at 10 yr
Total hip Z:
—1.2atlyr
—2.0atb5yr
—1.4at10yr
Hawkins et al.132 DXA 82 mixed post-OLT Lumbar Z <—2: 43%
(median 1.6 yr)
Hay et al.133 DXA 63 pre-OLT Lumbar BMD <0.98 g/cm?
PBC/PSC (“fracture threshold”):
33 post-OLT 1 yr 75% pre-OLT
85% post-OLT
Isoniemi et al.154 DXA 33 post-OLT (mean 4.1 yr), Lumbar T: —2.11 Lumbar T <—2.5: 50%
menopausal females Lumbar Z: —0.90 Femoral neck T <—2.5: 44%
(mostly PBC) Femoral neck T: —2.29
Femoral neck Z: —0.89
Keogh et al.12t DXA 41 mixed pre-OLT Lumbar Z: —0.76
Femoral neck Z: —2.14
Total body Z: —0.78
Leidig-Bruckner DXA 130 mixed pre-OLT Lumbar T Lumbar T <—-2.5:
et al.141 Males —0.79 Males 16%
Females —2.14 Females 55%
Lopez et al.127 DXA 71 mixed post-OLT Lumbar Z <—2: 41%
(mean 1.75 yr)
Ninkovic et al.140 DXA 37 mixed pre-OLT Lumbar T <—-2.5: 22%
Femoral neck T <—2.5: 20%
Either site T <—2.5: 39%
Reeves et al.130 DXA 90 mixed pre-OLT Lumbar: 85.5-96.3% AM

(continued on following page)
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Table 6 (continued).
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BMD Prevalence of reduced bone
Reference instrument Subjects Mean bone density density and definition used
Riemens et al.136 DXA 53 pre-OLT Lumbar Z <0: 79%
Hip Z <0: 77%
Trautwein et al.113 pQCT 193 mixed pre-OLT and Forearm Z: Forearm T <—2.5:
post-OLT Pre-OLT Pre-OLT

—1.1 cholestatic
—0.4 noncholestatic
Post-OLT <24 mo
—1.9 cholestatic
—0.6 noncholestatic
Post-OLT >24 mo
—2.0 cholestatic
—1.0 noncholestatic

24% cholestatic
14% noncholestatic
Post-OLT <24 mo
48% cholestatic
25% noncholestatic
Post-OLT >24 mo
44% cholestatic
12% noncholestatic

pQCT, peripheral quantitative computerized tomography; QCT, quantitative computerized tomography; SPA, single photon absorptiometry.

Pre-OLT bone histomorphometry most commonly
shows a low turnover pattern with reduced bone forma-
tion rate, reduced osteoid area and osteoblast surface, and
osteoporosis without osteomalacia.!%?119 In 27 mixed
cirrhotic patients hospitalized for transplantation, assess-
ment resorption markers were increased with little
change in formation markers, implying a negative “un-
coupling index.”''' BGP is often low before transplan-
tation but normalizes after OLT in conjunction with an
increase in serum PTH level.''2113 Some find that PTH
level starts to decline toward normal by 3 months,'4 but
others report that
years.!13:115.116 The uncoupling index appears to correlate

elevations persist for many
positively with subsequent BMD recovery.''¢ In a study
by Crosbie et al.,''® the uncoupling index was negative
during the first 3 months after OLT but was positive
between 6 and 24 months after OLT.

Histologic studies performed 3 months after OLT
show an increase in osteoblast surface and increased bone
formation, and this parallels an increase in serum BGP
level.1%? It has been suggested that this may reflect
recovery as high-dose corticosteroid therapy is re-
duced.''” Although bone formation rate and activation
frequency increase and mineralization lag time shortens,
there is no overall change in indices of remodeling bal-
ance or trabecular microstructure.''® This suggests one
possible mechanism for the high incidence of fractures in
the early post-OLT period disproportionate to the rela-
tively small reduction in BMD. As discussed previously,
increased bone turnover has been implicated in fracture
risk independent of BMD and offers a rationale for
perioperative antiresorptive therapy. This is supported
by the finding in one small study that higher levels of
urinary collagen cross-links before OLT are a marker of
increased fracture risk after transplantation.'!®

Vitamin D insufficiency is present in up to 96% of
patients before OLT.112.114116 Serum 25-OHD level was

lower in patients with osteoporosis than those with nor-
mal BMD.!'1¢ Men with the BB genotype for the vitamin
D receptor may be relatively protected against post-OLT
bone loss. Guardiola et al.''® did not observe any baseline
difference in BMD before liver transplantation; however,
3 months after OLT, there was 3.7% greater loss in
BB/Bb genotypes than with bb, and this difference was
statistically significant after adjustment for hospitaliza-
tion and corticosteroid exposure. The difference persisted
to 24 months.

Greater physical activity in OLT recipients may be
associated with slightly higher BMD,'2° but this finding
needs to be confirmed in a larger cohort. Postoperative
bone loss is accompanied by a decrease in lean body mass
that can predispose to falls and may contribute to the
increase in frequency of fractures after OLT.!?!

Prevalence of Bone Disease After Liver
Transplantation

Many cross-sectional studies confirm that patients
undergoing assessment for OLT have a significant reduc-
tion in BMD and a high prevalence of frank osteoporosis
(Tables 6 and 7). Pooling of the DXA-DPA data in these
tables (weighted for patient numbers) gives a mean lum-
bar spine Z-score of —0.88, with severely reduced BMD
(Z-score less than —2) in 20% and osteoporosis (T-score
less than —2.5) in 32%. The equivalent values for the
hip are a mean Z-score of —0.31, with severely reduced
BMD (Z-score less than —2) in 11% and osteoporosis
(T-score less than —2.5) in 27%. In general, there is less
severe involvement of the hip and forearm than the spine,
which is consistent with the general principle that pre-
dominantly cortical sites are less susceptible than sites
rich in trabecular bone.

Most cross-sectional studies show that post-OLT pa-
tients have a slightly lower BMD than pretransplant
patients, especially during the first year. The pooled
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Table 7. Controlled Cross-sectional Studies of Bone Density in OLT

BMD Prevalence of reduced bone
Reference instrument Subjects Mean bone density density and definition used
Abdelhadi et al.134 DPA 25 mixed pre-OLT Femoral neck: 96% AM
SPA 25 healthy controls Distal radius: 95% AM
Proximal radius: 100% AM
Hay et al.*? DPA 30 pre-OLT PSC Lumbar: 77.6% AM Lumbar BMD <0.9 g/cm?
185 healthy controls (“fracture threshold”):
50% pre-OLT
Hussaini et al.128 DXA 56 mixed pre-OLT Lumbar Z <—2: 13%
329 healthy controls Femoral neck Z <—2: 13%
Total body Z <—2: 14%
Any site Z <—2: 23%
McDonald et al.109 QCT 35 mixed pre-OLT Lumbar trabecular:
127 healthy controls 83.7% AM males
92.9% AM females
Meys et al.124 DXA 33 mixed pre-OLT Lumbar Z:
31 mixed post-OLT —0.9 pre-OLT
200 healthy controls —0.9 post-OLT
Monegal et al.126 DXA 58 mixed pre-OLT Lumbar Z: —1.0 (est.) Lumbar Z <—2: 26%
832 healthy controls Femoral neck Z: —0.3 (est.) Femoral neck Z <—2: 9%
Valero et al.125 DXA 100 mixed post-OLT Lumbar Z: —1.63 Lumbar Z <—2: 33%

1368 healthy controls

AM, age-matched healthy controls; est, estimated from graphical data; SPA, single photon absorptiometry; QCT, quantitative computerized tomography.

mean lumbar spine Z-score in transplanted patients was
—1.34 for the lumbar spine and —1.36 for the hip.
There was a corresponding increase in the prevalence of
osteoporosis (T-score less than —2.5) at the lumbar spine
to 38% and at the hip to 45%. When the study popu-
lation contains a wide range in time since transplanta-
tion, the most severe reduction in BMD usually occurs
during the first year, with subsequent improvement to
levels that can be similar to before transplanta-
tion.!12:115,116,122-124 §ome studies find an SD for the
Z-score that is substantially greater than 1 and may
indicate variation in individual susceptibility.'?>

Pretransplant factors that have not shown an associa-
tion with reduced BMD include patient age, serum PTH
level, serum 25-OHD level, bone markers (with one
exception in which BGP showed a weak negative corre-
lation with vertebral BMD!?%), biochemical measures of
liver function (with one exception®®), and renal func-
tion_42,9(),1()9,112,116,122,125—128 Floreani et 31.122 reported
that age, serum PTH level, and serum creatinine level
were associated with vertebral BMD, but this finding
was only present through multiple regression analysis,
and the lack of univariate associations greatly reduces its
credibility. One study reported lower hip (but not spine)
BMD in Child—Pugh class C than class B,'2¢ but other
studies have failed to confirm an association with disease
severity.!0%-128 Body mass showed a positive correlation
with BMD in 2 studies'??'?? but no significant correla-
tion in 2 other studies.'®!27 Pre-OLT corticosteroid
exposure did not appear to affect BMD in pretransplant
PSC.42

Whether the specific liver diagnosis is an important fac-
tor is uncertain. Primary cholestatic disorders may show more
severe reductions in pretransplant and posttransplant BMD
thaﬂ parenchymal disorders’l()9,111,113,116,1237125,1287131 but
this is far from a uniform finding.!!>121127.152 In part,
disagreement relates to the fact that patients with PBC are
often older women and therefore normal age-related bone
loss will result in a lower absolute BMD or T-score despite
a similar Z-score.!12122 Contradictory studies suggest that
alcohol is a marker for greater'?¢ or minimal'3° bone effects.
BMD was found to be normal in pretransplant autoimmune
hepatitis.!!!

The effect of sex is complicated by differences in BMD
reference ranges for men and women. Some studies sug-
gest that men are more susceptible to transplant-related
bone disease than women,'%-122.123 but BMD expressed
relative to healthy men (whether as T-score, Z-score, or
percent normal) can be misleading because absolute
BMD is still typically greater in women. Conversely, one
study suggested that women are more affected even when
BMD is expressed as sex-referenced Z-scores,'?? whereas
others find no sex difference.??5-127:128 Absolute BMD is
usually lowest in postmenopausal women, intermediate
in premenopausal women, and highest in young men.!2>
Male hypogonadism and reduced serum testosterone
level have been associated with reduced BMD.!12

Posttransplant factors that have not shown a correla-
tion with BMD include time since procedure, duration of
hospitalization, rejection episodes, graft function, daily
or cumulative corticosteroid doses (aside from one study
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that found a correlation for the hip but not the spine), and
other immunosuppressive agents.!12:116,124,125,127-129,152

Longitudinal Studies of Bone Density After
Liver Transplantation

Many short-term longitudinal studies of BMD
after OLT have been performed (Table 8). There is rapid
bone loss during the first 3—6 months after transplanta-
tion with subsequent stabilization!?*12° or improve-
ment90-112,124,131L,133 after 6—12 months, which is consis-
tent with the previously discussed cross-sectional studies.
Measurement of predominantly cortical peripheral sites
seems to be relatively insensitive in detecting loss in
bone mass compared with the lumbar spine and hip.!34
Although annualized rates of spine bone loss as high as
18% per year over the first 3 postoperative months have
been reported,” this is not sustained for the full year;
therefore, this way of expressing change in BMD is
misleading. Therefore, where possible, change in BMD
has been expressed as overall change from baseline, an
approach that is not affected by nonlinear rates of loss.
Some studies suggest that the hip is reduced to a greater
extent than the lumbar spine and shows less spontaneous
recovery.'21129 If confirmed, this could have important
implications for the preferred site of measurement,
mechanism of fracture (fall being a critical event in hip
fractures), and treatment (with a focus on fall preven-
tion). It should be noted that not all studies have con-
firmed a significant loss of BMD after OLT. In 26
patients described by Floreani et al.,'?? there was no
significant change in BMD (lumbar Z-score before OLT,
—1.4; 3 months, —1.2; 12 months, —1.4) in the absence of
any skeletal protection (including calcium or vitamin D).

Few longitudinal studies of BMD and fracture after
OLT include more than 2 years of follow-up, and many
confine their observations to the first few months. Ham-
burg et al.’?3 reported on 66 OLT recipients up to 15
years after transplantation. Most subjects received cal-
cium (minimum dosage, 500 mg) and 1-a-hydroxy-
cholecalciferol (minimum dosage, 0.25 mg). Average
bone density was less than expected for the lumbar spine
and hip, but this tended to improve over time in the
lumbar spine and remain stable in the hip. Most fracture
events also occurred early, with few late fractures despite
minimal skeletal protection. Long-term follow-up data
even suggest the possibility of continued recovery of
BMD for as long as 7 years after OLT.!12

Greater age was associated with more rapid bone loss
in one study.'?” Men and women have similar rates of
bone loss (one study reported greater loss in men from
the hip but not the spine).10%121123 Liver diagnosis did
not affect early bone loss in most studies,!?1123:125 g]-
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though one found greater loss with cholestatic disor-
ders''? and another found less bone loss with cholestatic
disorders than with postnecrotic cirrhosis.'?? Final recov-
ery of BMD to above baseline may be more common with
cholestatic disorders.!3! Eastell et al.?® followed up 20
women who underwent transplantation for PBC and
observed an early decrease in lumbar spine BMD at 3
months, with recovery by 12 months and a significant
increase by 24 months (+5% above baseline). Hypogo-
nadism is common in male transplant recipients and
predicts bone loss after heart transplantation (although
this has not been confirmed after OLT).!3>

The duration of hospitalization correlated with bone
loss in one study!®® but not in 2 others.'>%$13¢ Daily or
cumulative corticosteroid exposure and serum cyclo-
sporin A levels were not associated with greater bone loss
(with one exception!??),109:122,123,134 Rejection episodes
were not associated with bone loss in one study.!®?
Results
tion'22134 and bone markers!''134.136 have been incon-

with biochemical measures of liver func-

clusive.

Fracture Prevalence and Incidence After
Liver Transplantation

Low-trauma or atraumatic vertebral fractures
most often occur within the first 6—12 months after
OLT131.137.138 and have been reported to affect 0%—30%
of the population (Table 9).114122 This wide range prob-
ably reflects differences in patient selection and in diag-
nostic surveillance. Studies that do not routinely perform
spine radiography report a much lower incidence of
posttransplant vertebral fractures,'?1,128:130.139 a]though
2 studies found that most vertebral fractures were symp-
tomatic.'37-140 The spine was the most common fracture
Site ln most Studies9(),l()3,l()9,13(),131,133,137,14()—142; hOW@Vel‘,
when spine x-rays were not routinely performed, one
series found that hip fractures predominated'?® whereas
another found that minor fractures of the extremities
were the most common site.!??

Ninkovic et al.™ reported a 27% incidence of verte-
bral fractures 3 months after OLT despite a nonsignifi-
cant reduction in lumbar BMD (—2.0%). Post-OLT
fractures were related to pre-OLT fractures (present in
35%), which was in turn related to older age. This study
suggests that factors other than BMD make a major
contribution to the high fracture incidence and that
prevention of posttransplant bone disease should focus on
both optimizing bone health before transplantation and
early preventive strategies after transplantation. Other
studies have confirmed that pre-OLT prevalent vertebral
fractures are the single strongest predictor of post-OLT
vertebral fractures.’?7.142.143 BMD is clearly important,
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Table 8. Longitudinal Studies of Bone Density in OLT
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Reference

BMD instrument

Subjects

Mean follow-up

Change (overall %)

Abdelhadi et al.134

Crosbie et al.116

Eastell et al.?°

Feller et al.112

Floreani et al.122

Giannini et al.12°

Hamburg et al.123

Hay et al.133

Hussaini et al.128

Keogh et al.12t

McDonald et al.10°

Meys et al.124
Ninkovic et al.140
Riemens et al.136

Valero et al.125

DPA
SPA

DXA

DPA

QCT

DXA

DXA

DXA

DXA

DXA

DXA

QCT

DXA
DXA
DXA

DXA

9 mixed OLT

12 mixed pre-OLT

20 female PBC

28 mixed OLT

26 mixed OLT

21 mixed post-OLT (1-48 mo)
45 post-OLT 1 yr

17 post-OLT 5 yr
4 post-OLT 10 yr

63 pre-OLT PBC and PSC
34 controls

56 mixed pre-OLT
329 healthy controls

24 mixed pre-OLT

11 mixed OLT

16 mixed OLT
37 mixed OLT
53 mixed pre-OLT

77 mixed OLT (lumbar Z >-2)

1yr

2yr

2yr

7 yr

1yr

2yr

Up to 15 yr

1yr

2yr

1.6 yr

1yr
3 mo
1yr

1yr

Lumbar:

—8.2% baseline-3 mo

—5.5% baseline-12 mo
Femoral neck:

—4.9% baseline-3 mo

—5.5% baseline-12 mo
Distal radius:

—4.7% baseline-3 mo

—8.2% baseline-12 mo
Proximal radius:

+0.3% baseline-3 mo

0.0% baseline-12 mo
Lumbar T: —2.50 at 6 mo
Femoral neck T: —2.27 at 6 mo
Lumbar:

—4.5% baseline-3 mo

no change baseline-12 mo

+5% baseline-24 mo
Lumbar:

—25.5% baseline-3 mo

—17.9% baseline 12 mo

—12.4% baseline-46 mo

—14.4% baseline-7 yr
Lumbar Z:

—0.2 baseline-3 mo

0.0 baseline-12 mo
Lumbar: +2.5%
Total hip: —2.4%
Lumbar (annual %):

+4.1% 1-2 yr

+0.2% 2-5 yr

+0.1% 5-10 yr

+0.3% 10-15 yr
Total hip (annual %):

—1.0% 1-2 yr

+0.3% 2-5 yr

0.0% 5-10 yr

+0.2% 10-15 yr
Lumbar:

—6.8% baseline-4 mo

—5.7% baseline-12 mo
Lumbar:

Post-OLT < pre-OLT 1-12 mo

Post-OLT = pre-OLT 18-24 mo
Femoral neck:

Post-OLT = pre-OLT 1-5 mo to 5 mo

Post-OLT < pre-OLT 6-24 mo
Total body:
Post-OLT = pre-OLT 1-24 mo
Lumbar —2.3%
Femoral neck —7.7%
Total body —1.9%
Lumbar trabecular:
—24% baseline-3 mo
No change 3-12 mo
Lumbar: —3.5%
Total body: —3.5%
Lumbar: —2.0%
Femoral neck: —2.4%
Lumbar: —6%
Hip: —7%
Lumbar: —3.4%

QCT, quantitative computerized tomography; SPA, single photon absorptiometry.
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Table 9. Fracture Prevalence and Incidence in OLT
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Reference Subjects Prevalent fractures (%) Mean follow-up (yn) Incident fractures (%)
Arnold et al.115 48 mixed OLT Vertebral: 10% 1.25 Vertebral: 31%
Compston et al.114 27 mixed post-OLT 0.3 Vertebral: 30%
Eastell et al.?© 20 female PBC post-OLT 2 Any fracture: 65%
Vertebral: 35%
Hip: 10%
Floreani et al.122 26 mixed pre-OLT Vertebral: 6% 1 Vertebral: 0%
Haagsma et al.144 26 mixed OLT Vertebral: 0% pre-OLT 2 Vertebral: 28% 1 yr, 36% 2 yr
Hamburg et al.123 45 post-OLT 1 yr 33% 1 yr Up to 15 9% 1-5 yr
17 post-OLT 5 yr 47% 5 yr 5% 5-15 yr
4 post-OLT 10 yr 25% 10 yr
Hay et al.133 63 pre-OLT PBC and PSC Vertebral: 13% 1 Vertebral: 29%
34 controls
Hussaini et al.128 56 mixed pre-OLT All sites: 11%
329 healthy controls Hip: 9%
Keogh et al.121 41 mixed post-OLT 1.6 Vertebral: 5%
Nonvertebral: 7%
Leidig-Bruckner et al.14* 130 mixed OLT Vertebral: 3.3 Vertebral: 32% at 3 yr
Males 5% Nonvertebral: 7%
Females 9%
McDonald et al.10° 35 mixed OLT 0.5 Vertebral: 17%
Meys et al.124 33 mixed pre-OLT Vertebral:
31 mixed post-OLT 8.4% pre-OLT
29% post-OLT
Monegal et al.126 58 mixed pre-OLT Vertebral: 22%
Navasa et al.137 91 mixed OLT 1.1 All sites: 24%
Navasa et al.138 26 PBC OLT Any site: 8% pre-OLT 2 Any site:
31% first year
8% second year
Neuhaus et al.108 246 mixed post-OLT >2 Atraumatic fractures: 2.8%
Ninkovic et al.140 37 mixed OLT Vertebral: 35% 0.25 Vertebral: 27%
Nonvertebral: 0%
Park et al.103 35 mixed OLT 1 All sites: 24%
Vertebral: 16%
Porayko et al.131 146 mixed pre-OLT Any site: 4% 2 Any site: 22%
Ramsey-Goldman et al. 139 49 mixed OLT 1.3 All sites: 10%
Vertebral: 6%
Hip: 6%
Reeves et al. 130 45 mixed OLT (control arm) Uncertain Vertebral: 16%
Riemens et al.136 53 pre-OLT Vertebral: 6% pre-OLT 1 Vertebral: 25%
Rust et al.142 28 PBC OLT Any site: 32% pre-OLT 7.5 Vertebral: 28%
Sheiner et al.145 96 mixed OLT 5.5 Any fracture: 14%

however, because reduced BMD before and after OLT has
been associated with higher fracture rates in most studies
(Wlth 2 exceptionsl12,140).90,109,124,130,131,136,142 Pre_OLT
BMD less than the “fracture threshold” (defined as the
BMD value below which 90% of osteoporotic fractures
are found) predicted post-OLT vertebral fractures with a
sensitivity of 83% and specificity of 62%.9°

Liver diagnosis did not affect fracture rates in some
studies, 5140144 but others reported higher rates in cho-
lestatic disorders (especially PBC)124.131,137.141 and alco-
hol abuse.'?* Greater age was a risk factor in some, but
not all, studies.’”-1%4 One group found that age corre-
lated with pretransplant fractures but not with posttrans-
plant fractures.'#® Most studies have found higher frac-
ture rates in women (especially after age 45 years and
menopau56124,l39,145)’124,128,159,141,145 but Othel‘s haVe not

shown a gender effect'37-14° and one found that men were
at greater risk.'?¢ Low urinary calcium clearance before
transplantation (but not after transplantation) was a risk
factor in one isolated study.'¥ One small study reported
that higher levels of urinary collagen cross-links before
OLT are a marker of increased fracture risk after trans-
plantation.!'?

Posttransplant variables that have not been shown
to affect fractures rate are serum PTH level,''* dura-
tion of hospitalization,'3%137.144  jmmunosuppression
doses, 30137141 and acute rejection,!!%123,130.140 a]lthough
2 small studies suggest that patients undergoing retrans-
plantation are at higher risk.136.137

Fracture rates after liver transplantation have also been
compared with other solid organ transplants. In the
series by Ramsey—Goldman et al.,'?® fractures were iden-
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tified in patients with a variety of solid organ transplants
(49 OLT, 490 non-OLT). Overall fracture incidence (ad-
justed for follow-up duration) was greatest with kidney/
pancreas (0.11 per year of observation), least with iso-
lated kidney and heart (0.38), and intermediate with
OLT (0.78). For all organs, postmenopausal status (for
women) or age older than 45 years (for men) identified
most fractures. Women were significantly more likely
than men to sustain fractures. The most common site of
fracture was the foot, with a low rate of symptomatic
vertebral fractures. A large study by Leidig—Bruckner et
al.14! prospectively followed up 235 solid organ trans-
plant recipients (130 liver and 105 cardiac) with lateral
thoracolumbar spine radiographs performed before trans-
plantation and annually after transplantation. Despite a
high prevalence of low BMD in the pre-OLT subgroup
(lumbar spine T-score less than —2.5 in 16% of men and
55% of women), there was a low prevalence of compres-
sion deformities as judged qualitatively and by quanti-
tative criteria (men, 5%; women, 9%). Univariate anal-
ysis showed that female sex (hazard ratio, 1.79), older age
(hazard ratio, 1.13 for every 5 years), cholestatic liver
disease (hazard ratio, 1.99), and lumbar spine T-scores
less than —2.5 (hazard ratio, 3.1) were predictors of
fracture.’¥! Multivariate analysis showed that the only
statistically significant pre-OLT predictor of an incident
vertebral fracture was the presence of a pretransplant
prevalent vertebral fracture (hazard ratio, 8.57). Nonver-
tebral fractures were infrequent (9 of 130 [7%]). Fracture
rates were similar for liver and heart transplant recipients
but predictors were different, with age the major inde-
pendent predictor of vertebral fracture in the cardiac
group.

Most studies in OLT recipients have been short-term
and have focused on BMD and fractures of the spine.
Comparatively little information is available on the hip,
the site of fracture that is generally believed to be of
greatest clinical significance.

Summary of Bone Disease After Liver
Transplantation

1. All pre-OLT patients should be evaluated for os-
teoporosis and disorders of bone metabolism: his-
tory and physical examination with attention to
risk factors for osteoporosis, thoracolumbar spine
x-rays, serum calcium level, phosphate level, 25-
OHD level, and free testosterone level (for men).
Thoracolumbar spine radiographs should be re-
peated if the patient reports loss of height or severe
back pain (level D evidence).

2. Bone loss after OLT follows a biphasic course, with
the greatest decrease during the first 3—6 months
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and then spontaneous stabilization or even im-
provement (level A evidence).

3. Most fractures develop in the first year, and very
few fractures occur after the first 3 years (level A
evidence).

4. The small but statistically significant decrease in
BMD after OLT is insufficient to completely ac-
count for the high early fracture risk and usually
does not worsen over time (level A evidence).

5. Posttransplant BMD can recover to above baseline
and appears to be more common with cholestatic
liver disease (level B evidence).

6. Pretransplant insufficiency fractures and low BMD
are markers of high fracture risk after OLT (level A
evidence).

When to Measure Bone Density in
Liver Disease

The path of least resistance is to simply order a
DXA for all patients with hepatic disease. This would
identify subjects with low BMD who do not have other
obvious risk factors for osteoporotic fracture but would
lead to a considerable number of unnecessary tests. How-
ever, there are subjects with BMD that fall within the
normal range who may still have other risk factors ren-
dering them susceptible to fracture. A clinician might be
lulled into a false sense of security when a normal BMD
is reported.

Clearly, patients with the hepatic disorders reviewed
who have experienced a fragility fracture, who are post-
menopausal, and who have been on long-term cortico-
steroid therapy (>3 months) should be tested. A fragility
fracture may be defined as one that occurs as a result of
minimal trauma, such as a fall from a standing height or
less, or no identifiable trauma. Development and valida-
tion of a risk factor grading system for liver disorders is
greatly needed. In the absence of an available scoring
system, clinicians must use common sense in deciding
when to pursue DXA testing. Patients who have some of
the noted risk factors should likely be screened with
DXA, with repeated screening after 2—3 years for those
within the normal range to exclude significant bone loss.
A shorter follow-up interval (approximately 1 year) is
recommended for patients recently initiating high-dose
corticosteroid therapy; however, in general, 1 year is not
long enough to determine the effectiveness of any treat-
ment of bone disease in adults.”> An alternative approach
is to screen all patients, but third-party payers will have
to decide if this is cost-effective and clinicians will have
to decide if the current state of therapy is sufficiently
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evidence based to warrant intervention for borderline
cases.

In liver disease, BMD should be assessed with DXA
when the diagnosis of PBC is first made, in patients
with cirrhosis, in those receiving long-term cortico-
steroid therapy, and before transplantation. Patients
on long-term corticosteroid therapy should have mea-
surement of BMD repeated yearly until stable. All
pre-OLT patients should be evaluated for osteoporosis
and disorders of bone metabolism: history and physi-
cal examination with attention to risk factors for
osteoporosis, thoracolumbar spine x-rays, serum cal-
cium level, phosphate level, 25-OHD level, and free
testosterone level (in men). Thoracolumbar spine ra-
diographs should be repeated if the patient reports loss
of height or severe back pain.

Summary of Bone Density Testing in Liver
Disease

1. Patients who have experienced a fragility fracture,
who are postmenopausal, and who require long-
term corticosteroid therapy (>3 months) should
undergo BMD testing. BMD should also be as-
sessed when the diagnosis of PBC is first made, in
patients with cirrhosis, and before liver transplan-
tation (level D evidence).

2. Patients with risk factors and a normal initial
BMD result should be retested after 2—3 years to
exclude significant bone loss. A shorter follow-up
interval (approximately 1 year) is recommended for
patients recently initiating high-dose corticoste-
roid therapy (level D evidence).

3. Osteoporosis can be the first clinical manifestation
underlying cholestatic liver disease, and it may be
worthwhile to screen for anti-mitochondrial anti-
body in osteoporotic patients with both an elevated
v-glutamyltransferase and serum alkaline phospha-
tase level (level D evidence).?

Therapy in Liver Disease

Therapy of osteoporosis in general, including cor-
ticosteroid-induced osteoporosis, has been discussed in
the AGA Technical Review on Osteoporosis in Gastro-
intestinal Diseases.!

Therapy of Bone Disease in CLD

Factors that contribute to the development of
osteoporosis and increased fracture risk in patients with
hepatic osteodystrophy include older age, hypogonadism,
use of corticosteroids, and cirrhosis. Although vitamin D
deficiency and osteomalacia may occur in patients with
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hepatic osteodystrophy from malnutrition, malabsorp-
tion, and reduced enterohepatic circulation of vitamin D,
osteoporosis accounts for most of the metabolic bone
disease in these patients. Early studies did not show
beneficial effects of calcium alone in reversing osteopo-
rosis in patients with hepatic osteodystrophy. However,
in patients with PBC who were vitamin D replete, 2
studies showed that calcium improved bone mass.!46:147
In controlled studies of vitamin D—deficient patients, high-
dose vitamin D or 25-OHD increased bone mass and re-
versed some of the osteomalacic skeletal changes.®3118
Similarly, in patients with hepatic osteodystrophy, cal-
citriol increased bone mass.?#?¢ The beneficial skeletal
effects of each of these vitamin D preparations in patients
with hepatic osteodystrophy presumably result from cor-
rection of vitamin D deficiency. Because malabsorption
of calcium may also occur in osteoporotic patients with
PBC and other hepatic osteodystrophies, calcium and
vitamin D supplementation should be standard care in
these patients. Estrogen replacement therapy may pro-
tect bone in older women with hepatic osteodystrophy.?>
Use of transdermal estrogen may potentially be less
hepatotoxic.'® Bisphosphonates hold promise for the
treatment of patients with hepatic osteodystrophy.49.150
Intermittent cyclic etidronate prevented bone loss in
PBC during 1 year of treatment with immunosuppres-
sive drugs.!°! Prospective longitudinal studies are needed
to evaluate the effects of newer potent bisphosphonates
on PBC and other forms of hepatic osteodystrophy.

Therapy of Bone Disease After Liver
Transplantation

To reduce the high fracture rate after OLT, edu-
cation regarding the importance of lifestyle changes (e.g.,
regular exercise, smoking cessation), vitamin D, and
calcium supplementation should be given. Although few
prospective studies are available, all patients should re-
ceive 1000-1200 mg of elemental calcium daily (de-
pending on their age) and at least 400—800 IU of
vitamin D daily. Vitamin D deficiency should be cor-
rected by increasing serum 25-OHD levels to at least
25-30 ng/mL."5! In patients with malabsorption, higher
doses of calcium and vitamin D may be necessary. For
vitamin D deficiency (25-OHD <15 ng/mL), 50,000
U/week of vitamin D for 8 weeks will restore serum
levels to >30 ng/mL.'52 In severe malabsorption, 50,000
IU of vitamin D 2 or 3 times a week and occasionally
parenteral vitamin D may be necessary, with careful
monitoring of the serum 25-OHD, serum calcium, and
urinary calcium levels. Treatment of the underlying mal-
absorptive process should obviate the need for such su-
praphysiological doses of supplemental vitamin D.
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Withdrawal of corticosteroids seems to accelerate the
recovery of bone mass following successful liver trans-
plantation.!>3

The role of pharmacologic agents is much less clear. In
33 postmenopausal liver transplant recipients treated
with estrogen for 2 years, Isoniemi et al.’>4 showed that
spinal bone density increased in the spine and hip sites
similar to postmenopausal women not on immunosup-
pressive therapy. In 40 OLT recipients, antiresorptive
therapy with either parenteral calcitonin or intermittent
cyclic etidronate increased bone mass between 6.4% and
8.2%, respectively, at 1 year.!?> Because posttransplant
BMD can recover spontaneously, particularly in patients
with cholestatic liver disease, these increments in bone
mass may also reflect reversal of the underlying hepatic
process or recovery of gonadal function.!>> One nonran-
domized trial found that cyclic etidronate and a-calcidiol
did not prevent bone loss in 53 OLT recipients.'?® In
another nonrandomized longitudinal study of patients
with low bone mass before OLT, infusions of pami-
dronate every 3 months before and after liver transplan-
tation for 9 months dramatically decreased the risk of
fracture, an important end point.'>° A subsequent ran-
domized controlled trial in 99 adults awaiting OLT did
not find any benefit of a single preoperative infusion of
pamidronate on BMD or fractures,'>® although bone
histomorphometry showed that the increase in bone re-
sorption usually seen after OLT was partially suppressed
by treatment.'>” A controlled trial of subcutaneous
salmon calcitonin for 6 months in 63 patients undergo-
ing OLT also failed to affect BMD or incident frac-
tures.!??

Although definitive data in favor of drug therapy in
patients undergoing liver transplantation is obviously
lacking, it must be acknowledged that the clinical trials
that have been conducted to date have all been relatively
small. Many of these agents are approved by the Food
and Drug Administration for the prevention and/or
treatment of osteoporosis in other settings, such as post-
menopausal or corticosteroid-induced  osteoporosis,
where they have clearly shown beneficial effects on the
skeleton. Therefore, these therapies should still be con-
sidered for the prevention and treatment of osteoporosis
associated with OLT. In women with hypogonadism
before age 45 years, therapy with hormone replacement
therapy (best via the transdermal route in patients with
malabsorption or liver disease) is advised. As in other
organ transplant recipients, bone loss occurs rapidly, so
therapy is optimally started before or at the time of
OLT.?>® Intravenous administration of newer potent
bisphosphonates (such as ibandronate and zoledronate) at
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the time of transplantation may provide a sustained
reduction of bone turnover and fractures, although this
approach needs to be tested in large clinical trials in
organ transplant recipients.

Summary of Therapy for Liver Disease

1. All patients require education regarding the im-
portance of lifestyle changes (e.g., regular exer-
cise, smoking cessation), vitamin D, and calcium
supplementation (level D evidence).

2. All patients should receive 1000-1200 mg of
elemental calcium daily (depending on their age)
and at least 400-800 IU of vitamin D daily.
Vitamin D deficiency should be corrected by in-
creasing serum 25-OHD levels to at least 25-30
ng/mL (level D evidence). In patients with mal-
absorption, higher doses of calcium and vitamin
D may be necessary.

3. If female hypogonadism or early menopause (be-
fore age 45 years) is evident, hormone replace-
ment therapy (best via the transdermal route in
patients with malabsorption or liver disease) is
advised for the prevention of osteoporosis (level D
evidence in hepatic disease, level A evidence for
vertebral and nonvertebral fracture risk reduction
in generally healthy postmenopausal women). Es-
trogen therapy is approved by the Food and Drug
Administration for the prevention of osteoporosis
in postmenopausal or hypogonadal premeno-
pausal women but must be balanced against the
significant risks. Non—estrogen-based therapy is
generally preferred for older postmenopausal
women.

4. Raloxifene, a selective estrogen receptor modula-
tor, is approved by the Food and Drug Adminis-
tration for the prevention and treatment of osteo-
porosis in postmenopausal women (level D
evidence in hepatic disease, level A evidence for
vertebral fracture risk reduction in osteoporotic
postmenopausal women). A bone disease special-
ist should participate in the decision to choose
raloxifene in patients with a hepatic disorder.

5. Testosterone should be used to treat hypogonad-
ism in men (level D evidence).

6. Bisphosphonates should be considered in patients
with known osteoporosis, with vertebral fractures,
or who cannot withdraw from corticosteroids after
3 months of use (level D evidence). Bisphospho-
nates are approved by the Food and Drug Admin-
istration for the prevention and treatment of os-
teoporosis in patients with known osteoporosis,
with fragility fractures, or on prolonged cortico-
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steroid therapy (level D evidence in hepatic dis-
ease, level A evidence regarding vertebral and
nonvertebral fracture risk reduction in postmeno-
pausal women, level A evidence regarding verte-
bral fracture risk reduction in osteoporotic men
and corticosteroid-treated patients).

7. Nasal or subcutaneous calcitonin can be consid-
ered as an alternative when the preceding antire-
sorptive agents are contraindicated or poorly tol-
erated (level D evidence in hepatic disease, level A
evidence regarding fracture risk reduction in os-
teoporotic postmenopausal women).

8. As in other organ transplant recipients, bone loss
occurs rapidly, so therapy is optimally started
before or at the time of OLT. There is conflicting
evidence that intravenous administration of a
bisphosphonate at the time of transplantation
may reduce bone turnover and fractures, but its
use should be directed by a bone disease specialist
(level C evidence).

9. PTH is approved by the Food and Drug Admin-
istration for the treatment of severe osteoporosis
(level D evidence in hepatic disease, level A evi-
dence in osteoporotic postmenopausal women).
Its use should be directed by a bone disease
specialist.

10. Fluoride is not recommended for treatment of
osteoporosis associated with a hepatic disorder
(level D evidence in hepatic disease, no consistent
evidence for fracture risk reduction in other

groups).
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Conclusions

The recommendations from this review have been
incorporated into a management algorithm (see Figure
1). It must be understood that evidence to support this is
still incomplete and that the best clinical management of
the patient requires an individualized approach rather
than strict adherence to any algorithm. The choice of
T-score at or below —2.5 for intervention is arbitrary but
reflectss the World Health Organization diagnostic
threshold; some groups have recommended that a higher
threshold for pharmacologic intervention may be cost-
effective in high-risk patients (e.g., T-score less than
—1.5 for a postmenopausal woman with additional clin-
ical risk factors).

Bone disease has become an increasingly recognized
problem among patients with hepatic disorders. With
the increasing prevalence of patients with known CLD
(many of whom have survived liver transplantation),
there will be large numbers of patients within any hepa-
tology practice with potential bone disease. The wide-
spread accessibility to DXA testing has led to an increas-
ing number of hepatology patients with diagnoses of
osteopenia and osteoporosis. There is a clear need to
better define the implications of a DXA diagnosis of
“osteopenia” in these patients. It is the risk of fracture
that is the critical end point, and this is frequently
overlooked. Further research is urgently required to bet-
ter define the magnitude of the excess fracture risk in
gastrointestinal and hepatic disorders. Furthermore, it
will be critical to define who among these disease groups

Chronic liver disease
plus any of
Prolonged corticosteroid use
Low trauma fracture
Postmenopausal female or male age >50
Hypogonadism

Pre-transplant liver patient
screen with
Thoracolumbar spine X-rays, serum
calcium, 25-OH-vitamin D, free
testosterone (males), and DXA

Vertebral compression fractures
Consider treatment regardless of DXA
Baseline DXA optional if available

S

Measure Bone Density with DXA

v

Normal BMD
Figure 1. General approach to T score >-1

the clinical management of
osteoporosis in patients with l

v v

Osteopenic BMD Osteoporotic BMD
T score -1t0-2.5 T score =-2.5

' IR

CLD. (*Laboratory screen for
other causes of low BMD: com-
plete blood count, serum cal-
cium, alkaline phosphatase,
creatinine, 25-OH-vitamin D, pro-
tein electrophoresis, and tes-
tosterone [in men].)

Basic preventive measures:
-Adequate calcium/vitamin D

-Regular weight-bearing exercise
-Smoking cessation, avoid excess alcohol
-Consider correction of hypogonadism
-If prolonged corticosteroids minimize
dose and repeat DXA in | year

Basic preventive measures Basic preventive measures
and and

-Repeat DXA in 2 years -Screen for other causes low BMD*

-If prolonged corticosteroids consider -Bisphosphonate therapy

bisphosphonate and repeat DXA in 1 year or

-Refer to metabolic bone specialist
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are at greatest risk for fracture because, as has been shown
in inflammatory bowel disease, fracture risk may be only
mildly increased.!>® Thus, prospective data are required
to determine the relative importance of known risk fac-
tors in each disease group. This will lead to a more
efficient use of screening with techniques such as DXA.
Finally, there is a paucity of therapeutic intervention
studies specifically aimed at bone health in hepatic dis-
eases. Most therapy studies of sufficient size are in pop-
ulations of postmenopausal women or corticosteroid-
treated patients who do not have gastrointestinal or
hepatic disease. Studies are required that assess interven-
tions directed at bone health in these patients specifically
and use fracture prevention as end points. Although
there is much enthusiasm to address bone disease in
hepatic diseases, there is a pressing need for prospectively
conducted research to define the magnitude of the prob-
lem and the interventions required.
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