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Summary

Background: High rates of fracture following liver
transplantation were reported in earlier years, but
the impact of subsequent changes in immune sup-
pression and the introduction of bone-protective
therapy on fracture rate have not been reported.
Aim: The aim of this study was to document clinical
fracture incidence during the period 1998–2008 in a
single transplant centre, following the introduction
of a bone management protocol.
Design: It was designed as a retrospective cohort.
Methods: Records were retrieved from 531 of 592
eligible patients in an audit of all patients undergo-
ing a first liver transplant during the 10-year period.
All fractures were verified radiologically.

Results: The mean follow-up period was 61.4 months.
Prior to transplantation 5.6% of patients had a his-
tory of fracture. Incident clinical fractures following
transplantation were recorded in just 15 (3.5%) pa-
tients. The most common fracture site was the spine
and the median time from transplant to fracture was
26 months (range 2–83 months).
Conclusion: There was a low fracture rate in patients
undergoing liver transplantation in this centre over
the past 10 years. This rate is lower than that in
previous reports, which is likely to reflect the use
of lower doses of prednisolone for immune suppres-
sion and the administration of bone-protective ther-
apy to high-risk patients.

Introduction

Following the introduction of liver transplantation as

a treatment for end-stage liver disease, a high inci-

dence of osteoporosis was reported post-operatively.

High rates of bone loss and fracture were docu-

mented in the first 6–12 months post-transplant, re-

sulting in significant morbidity.1–17 Many risk factors

for bone disease were recognized, including gluco-

corticoid therapy and other immunosuppressive

agents, vitamin D insufficiency, poor nutrition,

hypogonadism and pre-existing bone disease.

Since these early studies were reported, there

have been a number of changes in the management

of patients undergoing liver transplantation. In par-

ticular, the dose and duration of glucocorticoid ther-

apy for immunosuppression have been reduced

substantially and many centres now have manage-

ment protocols to identify and treat individuals at

risk of fracture, both before and after transplantation.

However, the impact of such measures on fracture

incidence has not been reported formally. The aim

of this study was to examine fracture incidence in
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our Liver Transplant Unit over a 10-year period, fol-

lowing the introduction of a protocol for bone health

assessment and management in patients undergoing

liver transplantation.

Materials and methods

An audit was performed at the Liver Transplant

Unit at Addenbrooke’s Hospital, Cambridge, UK.

This was approved by the Addenbrooke’s Hospital

Clinical Governance and Audit Department. All

patients who underwent their first deceased donor

orthotopic liver transplantation (OLT) between

2 January 1998 and 31 December 2007 were

included. This period was chosen to match the intro-

duction of bone health assessment and treatment of

osteoporosis. Patients who had undergone liver

transplantation prior to that date were excluded

even if a subsequent transplant was undertaken be-

tween 1998 and 2007. The follow-up time was set

from 2 January 1998 to 31 December 2008 and the

audit was performed between 2 January 2009 and

4 June 2010.
Data were retrieved from the patients’ hospital

notes, the liver transplant unit database and

Addenbrooke’s Hospital electronic records (eMR

and iSOFT). All notes were reviewed carefully for

data on age at time of transplant, height, weight,

gender, alcohol use, tobacco use, underlying liver

disease, use of bone-protective medication, calcium

and vitamin D supplements, glucocorticoid and

other immunosuppressive drugs and a history of frac-

tures. Bone mineral density (BMD) in the lumbar

spine (L1–L4) and proximal hip was measured by

dual energy X-ray absorptiometry (DXA) using a

Hologic bone densitometer (Hologic QDR 4500A,

Hologic Inc., Bedford, MA, USA). The short-term

in vivo precision of measurement at these two sites

is 1 and 1–2%, respectively. Total hip BMD T-scores

were calculated using data from the National Health

and Nutrition Examination Survey (NHANES) refer-

ence female population. For fractures reported in the

patient records, confirmation was obtained from an

X-ray report. In addition, all available lateral spine

X-ray reports were reviewed.
The Liver Transplant Bone Protocol, introduced in

1997, consists of a bone health assessment pre-

transplant including BMD measurement by DXA

and a lateral spine X-ray. For any patient with a

BMD T-score <�1.5 and/or a previous fracture

bisphosphonate therapy is recommended with

repeat BMD measurement in 1 year. Subsequently,

bisphosphonate use is reviewed and maintained

if BMD remains low and/or glucocorticoid therapy

is continued beyond 1 year. Calcium and vitamin D

supplements are recommended for vitamin
D-deficient subjects.

Statistical analysis

The descriptive statistic is presented as mean [stand-
ard deviation (SD)], median [inter-quartile range

(IQR)] or n/n total (percent). Kaplan–Meier statistic
was used to estimate the incidence of fractures. The

changes in BMD measurements before transplant
and between 24 and 48 months after the trans-
plant were evaluated by paired Student’s t-test.

Additionally, Fisher exact test, �2-test, Student’s
t-test and Mann–Whitney test were used to com-
pare the differences between groups. Differences

were considered statistically significant when the
two-tailed P-value was <0.05. The statistical ana-

lysis was performed using the Statistical Package
for the Social Sciences (SPSS�) for Windows�

version 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Among the patients undergoing liver transplantation

between 2 January 1998 and 31 December 2007 at
Addenbrooke’s Hospital, 592 subjects were eligible
to be included in this audit. We were able to retrieve

the notes from 446 (96.7%) patients who are still
alive and 85 (64.9%) of those who died during the

follow-up period. Of these patients, 49 included in
the audit underwent a second transplant during the
study period. There were no significant differences

in age, gender or BMD between the deceased and
non-deceased subjects.

Characteristics of the patients at the time of trans-
plantation are shown in Table 1. BMD was mea-

sured in 67.4% of subjects before the transplant
and a spine X-ray was performed in 86.1%.

Osteoporosis (BMD T-score4�2.5 in the hip and/
or spine) was diagnosed in 18% of the patients in
whom BMD was measured. Prior to liver transplant-

ation, 6.1% of patients were on bone-protective
medication and 15.8% were on calcium and vita-
min D supplements. A history of previous fracture

was reported in 5.6% of the patients. These data are
shown in Table 2.

During the follow-up period, 22.1% of the pa-

tients died (mean 61.4 months, range 0–131
months). Prednisolone was prescribed in 97.8% of
patients and the median prednisolone regimen dur-

ation was 3 months (range 0–120 months). The other
most commonly prescribed immunosuppressive
drugs were tacrolimus and azathioprine. These

data are shown in Table 3.
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The cumulative incidence of fracture in the
follow-up period is shown in Figure 1. During this
period 20 clinical fractures were recorded (Tables 4
and 5) in 19 patients. One subject presented with a
spine fracture and a rib fracture at two different time
points. The median time from transplant to fracture
was 12 months (range 2–83 months). Fifty-five per-
cent of incident fractures were vertebral fractures
(Table 5).

At least one BMD measurement was performed
post-transplant in 48.3% of the subjects. A new
diagnosis of osteoporosis was made in 1.7% of
these individuals and the overall prevalence of
osteoporosis after transplant was 17.7%. BMD
measurements before and between 24 and 48
months after transplant were available in 52 patients
(Figure 2). There was a significant increase in the
spine T-score after transplant [–1.73 (SD 1.39) vs.
–1.09 (SD 1.62), pre-transplant vs. post-transplant,
P < 0.0001], but no significant change in total hip
T-score [�1.05 (SD 1.02) vs. �1.11 (SD 0.96),
P = 1.0] (Table 4).

Bone-protective medication was taken by 29.5%
of patients after transplantation (Table 4). These pa-
tients were more likely to be females (49 vs. 33.4%,
P < 0.0001) and to have a T-score lower than �1.5
at the hip and/or spine at any time (73.9 vs. 32.3%,

P < 0.0001) (data not shown). Similarly, calcium and
vitamin D supplementation, taken by 37.8% of sub-
jects post-transplant, was more common in women
(48.5 vs. 32.5%, P < 0.0001) and in patients with a
T-score lower than �1.5 at the hip and/or spine at
any time (68.7 vs. 32.5%, P < 0.0001).

Subjects with incident fracture were older
(P < 0.01), were more commonly women (P < 0.01)
and had taken prednisolone for longer post-
transplant (P < 0.01). Additionally, bone-protective

Table 1 Characteristics of audited patients at time of

transplantation

Characteristic n/n total (%)*

Age, mean (SD) (years) 51.7 (12.2)

Height, mean (SD) (m) 1.71 (0.10)

Weight, mean (SD) (kg) 77.12 (17.03)

BMI, mean (SD) (kg/m2) 26.39 (4.84)

Gender

Males 327/531 (61.6)

Females 204/531 (38.4)

Current use of alcohol 103/483 (21.3)

Current smoking 90/459 (19.6)

Aetiology of the transplant

Alcohol-related cirrhosis 134/531(25.2)

Primary sclerosing cholangitis 51/531 (9.6)

Chronic hepatitis C virus infection 49/531 (9.2)

Primary biliary cirrhosis 46/531 (8.7)

Primary hepatocellular

carcinoma with cirrhosis

44/531(8.3)

Acute/subacute fulminant

hepatic failure

41/531 (7.7)

Cryptogenic cirrhosis 30/531 (5.6)

Other 136/531 (25.8)

*Values are represented as n/n total (%) unless otherwise

noted.

Table 2 Bone assessment prior to transplant

Characteristic n/n total (%)

Bone densitometry (DXA) 356/528 (67.4)

T-score4�1.5 167/350 (47.7)

Osteoporosis (T-score4�2.5) 63/350 (18)

Use of bone medication 31/507 (6.1)

Type of bone medication

Bisphosphonates 28/31 (90.3)

HRT 2/31 (6.5)

Raloxifene 1/31 (3.2)

Use of calcium plus vitamin D 80/507 (15.8)

Use of glucocorticoids 29/498 (5.8)

Lateral spine X-ray 432/502 (86.1)

Fracture pre-transplant 28/498 (5.6)

Pre transplant fracture site

Spine 19/28 (67.9)

Wrist 2/28 (7.1)

Lower leg 2/28 (7.1)

Clavicle 1/28 (3.6)

Ribs 1/28 (3.6)

Unknown 3/28 (10.7)

Table 3 Characteristics of audited patients after

post-transplant

Characteristic n/n total (%)*

Follow-up time, mean (SD) (months) 61.4 (34.9)

Deceased 131/592 (22.1)

Pulsed methylprednisolone use 98/482 (20.3)

Prednisolone use 494/505 (97.8)

Prednisolone regimen duration,

median (IQR) (months)

3 (3–5)

Tacrolimus use 479/528 (90.7)

Azathioprine use 488/526 (92.8)

Sirolimus use 136/526 (25.9)

Mycophenolate use 60/526 (11.4)

Cyclosporine use 58/527 (11.0)

Use of other immune suppressive agents 7/526 (1.3)

Liver re-graft (re-transplant) 49/531 (9.2)

*Values are represented as n/n total (%) unless otherwise

noted.
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medication (P < 0.05) and calcium plus vitamin D
(P < 0.01) were more likely to be prescribed after
an incident fracture (Table 6). There were no signifi-

cant differences between the subjects with and with-
out incident fracture after Bonferroni correction for
multiple comparisons.

Discussion

The results demonstrate a low incidence of fracture
following liver transplantation in this centre over
the past 10 years. In common with other groups,

we had reported a high incidence of fractures in
the early post-operative period; 27% of 37 adults

undergoing liver transplantation between 1993 and
1995 developed new vertebral fractures within
the first three post-operative months.14 In contrast,

this audit of the years 1998–2008 demonstrated a
fracture incidence post-transplant of only 3.7%.

The reasons for the lower fracture incidence in
recent years cannot be defined precisely on the

basis of this audit, but are likely to include reduction
in the dose and duration of glucocorticoid therapy

Figure 2. Lumbar spine (a) and total hip (b) BMD T-score

before and after liver transplant (n = 52).

Table 4 Bone assessment post-transplant

Characteristic n/n total (%)*

Incident fracture post-transplant 19/520 (3.7)

Median (IQR) months to fracture 12 (6.5–34)

Mean difference (95% CI) in BMD at

24–48 months (T-score; n = 52)

Spine �0.64 (�0.89, �0.40)

Total hip 0.06 (�0.3, 0.25)

Use of bone medication

after transplant

155/526 (29.5)

Bisphosphonates 144/154 (93.5)

HRT 6/154 (3.9)

Raloxifene 2/154 (1.3)

Strontium 2/154 (1.3)

Use of calcium plus vitamin D

post-transplant

198/524 (37.8)

*Values are represented as n/n total (%) unless otherwise

noted.

Figure 1. Incidence of fracture after the orthotopic liver

transplant.

Table 5 Post-transplant fracture site (n = 20)

Fracture site n (%)

Spine 11 (55)

Wrist 2 (10)

Humerus 1 (5)

Hip 1 (5)

Lower leg 1 (5)

Hand 1 (5)

Ribs 1 (5)

Sacrum 1 (5)

Ischial tuberosity 1 (5)
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and the use of bone-protective therapy in individ-
uals at high risk of fracture. In the early days of liver
transplantation, very large doses of prednisolone
were used for prolonged periods, whereas much
lower doses are used now and for shorter periods.
For example, in the early 1990s the starting dose
of prednisolone used in most patients in the 1980s
was 60 mg/day falling to 30 mg/day in the early
1990s and this was continued for 6 months with
gradual reductions thereafter. In contrast, in current
practice the initial dose is 20 mg/day with the aim of
stopping glucocorticoids between 6 and 12 weeks
for patients transplanted for conditions other than
autoimmune liver disease. Further, some patient
groups such as those transplanted with hepatitis C
virus infection are not treated with glucocorticoids
at all. Secondly, an established standard protocol
for bone health assessment prior to transplantation
identifies individuals at high risk of fracture for
bone-protective therapy before and after transplant.
Both these changes in clinical practice are likely
to have contributed to the low-fracture incidence
post-transplant.

In addition, it is possible that improved nutri-
tional support prior to and after transplantation
may have played a role. Evidence for better bone
health prior to transplant can be obtained from

a comparison of the prevalence of osteoporosis
(BMD T-score4�2.5) in earlier and later studies
from this centre. Thus, we reported osteoporosis in
36.6% of 243 consecutive patients undergoing liver
transplantation in the early to mid-1990s,18 whereas
osteoporosis was present in only 18% of patients
pre-transplant in the present study. Furthermore,
the prevalence of fracture prior to transplantation
was low (5.6%) in this study.

In the general population, the use of clinical risk
factors in addition to BMD is widely used to improve
prediction of fracture risk, using tools such as
FRAX�, the WHO-supported risk algorithm.19–22

While this approach is reasonably well validated
at a population level, risk factors for fracture post-
transplantation are less clearly documented. Older
age,8,15,23 the presence of a prevalent vertebral
fracture prior to transplantation8,15 and in some stu-
dies, chronic cholestatic liver disease,3,13 have been
associated with increased fracture risk in patients
undergoing liver transplantation, but a clear rela-
tionship with BMD has not emerged from most stu-
dies. The contribution of other clinical risk factors
such as smoking, alcohol abuse and a parental
history of a fractured hip to fracture risk in the trans-
plant population has not been assessed and requires
further study. However, at present it seems

Table 6 Comparison between patients with and without incident fractures

Characteristic With incident

fracture

Without incident

fracture

P-value

Age, mean (SD) (years) 56.7 (8.5) 51.5 (12.3) <0.01

BMI, mean (SD) (kg/m2) 26.6 (4.7) 26.3 (4.9) NS

Gender: females 13/19 (68.4) 312/499 (62.3) <0.01

Current use of alcohol 2/18 (11.1) 97/454 (21.4) NS

Current smoking 5/16 (31.2) 84/432 (19.4) NS

Use of glucocorticoids pre-transplant 0/18 (0.0) 29/470 (6.2) NS

Use of bone medication pre-transplant 1/19 (5.3) 30/477 (6.3) NS

Use of calcium plus vitamin D pre-transplant 4/19 (21.1) 76/477 (15.9) NS

BMD T-score4�1.5 pre-transplant 7/13 (53.8) 157/333 (47.1) NS

BMD T-score4�2.5 pre-transplant 4/13 (30.8) 59/333 (17.7) NS

Fracture pre-transplant 3/19 (15.8) 24/476 (5.1) NS

Liver re-graft 2/19 (10.5) 44/499 (8.8) NS

Deceased 4/19 (21.1) 78/499 (15.6) NS

Use of pulse methylprednisolone post-transplant 2/17 (11.8) 95/454 (20.9) NS

Prednisolone regimen duration (months) post-transplant 4 (Quartiles 3, 10.5) 3 (Quartiles 3, 5) <0.05

Tacrolimus use post-transplant 17/19 (89.5) 454/498 (91.2) NS

Azathioprine use post-transplant 18/19 (94.7) 460/496 (92.7) NS

Sirolimus use post-transplant 7/19 (36.8) 128/496 (25.8) NS

Mycophenolate use post-transplant 2/19 (10.5) 57/496 (11.5) NS

Cyclosporine use post-transplant 3/19 (15.8) 52/497 (10.5) NS

Use of calcium plus vitamin D post-transplant 13/19 (68.4) 182/496 (36.7) <0.01

Use of bone medication post-transplant 10/19 (52.6) 141/498 (28.3) <0.05

Values are represented as n/n total (%) unless otherwise noted. NS = non significant.
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reasonable to recommend bone-protective therapy

in all patients with a previous history of fragility frac-

ture and/or those with low BMD, although the

threshold for the latter is arbitrary and to some

extent age dependent. The T-score of 4�1.5

chosen in this centre was based on the UK guide-

lines for glucocorticoid therapy;24 however, be-

cause of the strong independent effect of age on

fracture risk, treatment might be advised at a

higher BMD in elderly subjects and a lower BMD

in younger subjects.
Although a standard management protocol was in

place during the period of the audit, not all individ-

uals who fulfilled the criteria for bone-protective

therapy received treatment. Thus, �30% of patients

received treatment post-transplant, while 47.7% had

a BMD T-score4�1.5 before the transplant. We

were not able to identify the reasons for this appar-

ent under-treatment in the audit; only oral bispho-

sphonates were approved for osteoporosis during

almost the whole period of the audit and contraindi-

cation to or intolerance of oral bisphosphonate ther-

apy is likely to have prevented treatment in some

cases, particularly those with a history of haemor-

rhage from oesophageal varices. In the relatively

small number of cases in whom BMD measurements

were available before and 24–48 months after trans-

plantation, there was a significant increase in BMD

in the spine, but not the hip. Other studies have

mostly demonstrated an increase in BMD after

the first year or so after transplantation, although

recovery in the hip may be slower than in the

spine.16,25,26

A number of studies have investigated the effect of

bone-protective therapy in patients undergoing liver

transplantation.17,27–36 However, these have often

been relatively small and not all have been rando-

mized or controlled; while beneficial effects on

BMD have been demonstrated in some, none has

been adequately powered to demonstrate reduction

in fracture. Most data exist for the bisphosphonates

pamidronate, alendronate and zoledronate, all of

which have been shown to reduce or prevent

bone loss in the spine and in most cases, also the

proximal femur. Of these, zoledronate may be

the most appropriate treatment option in many of

the liver transplant population in view of its intra-

venous mode of administration and infrequent

dosing regimen. However, although untested in

the transplant population, once yearly infusion of

5 mg is likely to be adequate37 rather than the

more frequent dosing regimens used in the studies

reported to date.34,35

Our study has several limitations. It was not pos-
sible to retrieve all the medical records of patients
undergoing liver transplant during the audit period,
particularly of those who had died. For those in
whom records were available, there were some
missing data, for example, only about two-thirds
and one-half, respectively, of patients had BMD
measurement before and after transplantation.
Similarly, only 59 patients had a spine X-ray both
before and after transplantation and since the major-
ity of vertebral fractures are asymptomatic,38 it is
possible that the incidence of vertebral fractures
was underestimated. Finally, we relied on medical
records and X-ray reports for fracture diagnosis and
this provides another possible reason for underesti-
mating fracture incidence.

In summary, our audit has demonstrated a low
incidence of clinical fracture in patients undergo-
ing liver transplantation in our unit over the period
1998–2008. This is likely to reflect reduction in the
total dose of glucocorticoids used for immune sup-
pression and the use of bone-protective therapy in
individuals at high risk of fracture. Bisphosphonates
provide a rational approach to the prevention of
fracture in the transplant population; because of
its low cost, alendronate is the front-line option,
but intravenous zoledronate should be considered
in patients who cannot take or are intolerant to alen-
dronate and in those unlikely to be compliant
with long-term oral bisphosphonate therapy. The
optimal duration of therapy has not been defined
but in view of the tendency for BMD to improve
1–2 years post-transplant and the prolonged action
of zoledronate, one dose may be sufficient for many
patients.
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