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Introduction

Bone mineral density (BMD) loss after liver transplanta-

tion (LT) is well recognized and results in considerable

morbidity with the increased risk of fractures. Bone loss

is most pronounced in the first 3–6 months after liver

transplantation [1] with fracture rates up to 40% in the

first couple of years post liver transplantation [1,2]. Sev-

eral risk factors for osteoporosis can be identified in

patients with chronic liver disease including excess alco-

hol intake, poor nutrition, hypogonadism, and biliary dis-

ease. These risks are compounded with the use of

immunosuppressive therapy and steroids in the post-

transplant patients leading to accelerated bone loss.

Increased bone turnover is seen in the first few months

after LT and theoretically bisphosphonates which inhibit

or reduce osteoclast-mediated bone resorption could be

of benefit to LT patients. However, published reports on

the efficacy of bisphosphonates in preventing BMD loss

and fracture incidence after LT have come up with con-

flicting results. Several studies reported a beneficial effect

[1,3–12] as opposed to studies with limited or no effect

of bisphosphonate use [13,14] in preventing bone loss or

fractures after successful LT. There are also no clear

guidelines on the indications, optimum duration and dos-

age of bisphosphonates in LT patients. This meta-analysis

is an attempt to systematically summarize published liter-

ature on the topic and pool the data from randomized

controlled trials (RCTs) for an overall estimate of effect

size.
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Summary

Bone mineral density (BMD) loss after liver transplantation (LT) results in

considerable morbidity with the increased risk of fractures. Data on the efficacy

of bisphosphonate use in post LT patients is scarce. This meta-analysis aims to

summarize the results from published randomized controlled trials (RCTs) on

the topic of interest. Electronic databases were searched to identify relevant

publications. A total of 157 articles were identified and reviewed. Individual

authors were contacted from relevant RCTs to obtain individual patient data

where necessary to uniformly quantify BMD values post LT pre- and post LT.

A total of six RCTs were used for final data extraction. (i) Lumbar Spine: In

364 patients (six studies, 182 in intervention and control groups each), bis-

phosphonate therapy improved BMD by 0.03 g/cm2 (95% C.I. 0.01–0.05 g/cm2;

P = 0.02) at 12 months post LT. (ii) Femoral neck: In 268 patients (four studies,

130 bisphosphonate, 138 control), bisphosphonate use did not result in a

statistically significant change in BMD at the end of 1 year. None of the studies

noted serious adverse effects related to bisphosphonate administration. Data on

incident fractures could not be pooled because of heterogeneity. Bisphosphonate

therapy during the first year in LT recipients appears to reduce accelerated bone

loss and improve bone mineral density at the lumbar spine.
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Methods

Electronic databases (MEDLINE, EMBASE, Cochrane

Controlled Trials Register and ISI Web of Science) were

searched from inception till February 2009 by two inde-

pendent investigators (K.K. and M.R.) to identify studies

that provided information on bone mineral density in

liver transplant patients. Search terms used were ‘bis-

phosphonates’, ‘liver transplant’, ‘bone mineral density’,

‘hepatic’, ‘zolendronate’, ‘pamidronate’, ‘alendronate’,

‘etidronate’, ‘risedronate’ and ‘ibandronate’. Boolean

logic was used to combine the search terms. Initially, all

studies with information on BMD in patients undergo-

ing liver transplantation along with the use of bis-

phosphonates were reviewed. RCTs that investigated the

use of bisphosphonates in liver transplant patients were

selected for the final meta-analysis. Eligible RCTs

included studies using bisphosphonate in any dose/route

of administration/duration/drug either alone or in com-

bination with calcium and vitamin D supplementation

with the control group receiving a placebo/no treatment

either alone or in combination with calcium and vita-

min D. Studies were excluded if patients had a prior

history of organ transplantation, or chronic kidney dis-

ease, had treatment with agents that could influence

bone metabolism (such as bisphosphonates, calcitriol,

sex hormones and glucocorticoids). Reference lists of all

the selected articles were hand-searched for any addi-

tional studies. Abstracts from national meetings (Diges-

tive Disease Week, American Association for the Study

of Liver Diseases, American College of Gastroenterology,

and the European Association for the Study of the Liver

annual scientific meetings) were reviewed to identify

unpublished data. None of the abstracts were eligible for

inclusion in the final analysis. The study attrition dia-

gram is shown in Fig. 1.

Quality of the included studies was assessed using the

Jadad scale [15]. Our main outcome measure was BMD

change 12 months after successful liver transplantation in

RCTs comparing bisphosphonates to a control group.

Data regarding incident fractures were collected and tabu-

lated as detailed in the articles. The authors of the RCTs

included in our meta-analysis were contacted to obtain

individual patient data on BMD values (in g/cm2) if it

was not possible for us to extract information on BMD

prior to and 12 months after liver transplantation from

the published article. In this manner, we calculated the

paired BMD values in the lumbar spine and femoral neck

as mean ± standard deviation (SD) at baseline and at

12 months after liver transplantation for each study.

Weighted mean differences were calculated and data

pooling was done using statistical methods [Review Man-

ager (RevMan) [Computer program] Version 5.0.18

Copenhagen: The Nordic Cochrane Centre, The Cochrane

Collaboration, 2008]. One RCT had to be completely

excluded from the meta-analysis resulting from unavail-

ability of individual patient data from the authors at the

time of submission of this article for publication [10].

Heterogeneity among the studies was assessed using chi-

squared test and I2 inconsistency statistic. Funnel plots

were generated to identify publication bias in the

included studies. Sensitivity analysis was performed by

Figure 1 Study attrition diagram.
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removing the studies with lowest quality score to assess

the changes in overall effect.

Results

Electronic literature search using the terms mentioned

earlier initially yielded 157 relevant articles. A comprehen-

sive full text review was done for 19 articles. A total of

seven RCTs met our inclusion criteria and the individual

authors were contacted wherever the BMD values pre-

and post liver transplant were not extractable from the

published article in g/cm2. After excluding one study

because of nonresponse from the authors, we were able to

obtain data from six RCTs [1,3,4,6,13,16] for the final

data analysis. Characteristics of included studies are

shown in Table 1.

Two of the studies were double-blind and multi-center

when compared with the rest [1,6]. Two studies used oral

bisphosphonates, alendronate [16] and etidronate [4].

Intravenous (i.v.) zolendronate was used in two studies

[1,3] and i.v. pamidronate was used in two studies [6,13].

The doses and duration of bisphosphonate administration

differed among the studies as shown in Table 1. All

patients in the included studies used calcium and vitamin

D supplementation except for the study by Ninkovic et al.

where neither groups were given calcium and vitamin D

supplementation [13]. Immunosuppressive regimens did

not differ considerably across studies. Data made available

by individual authors enabled BMD determination

(mean ± SD in g/cm2) at baseline and 12 months post

LT at the lumbar spine, and four studies provided similar

data on BMD at the femoral neck region.

BMD change at lumbar spine

In 364 study patients from six RCTs (182 in intervention:

130 male, 52 female patients; and 182 in control group:

123 male, 59 female patients), bisphosphonate therapy

improved BMD by 0.03 g/cm2 (95% C.I. 0.01–0.05 g/cm2;

P = 0.02) at 12 months post LT compared to the control

group (Fig. 2). The studies were homogeneous allowing

us to use the fixed effects model in effect size estimation.

Sensitivity analysis: To assess the robustness of our

study, we performed sensitivity analysis by removing the

study by Valero et al. because of low quality score. This

did not have a significant impact on the overall results.

BMD change at femoral neck

In the 268 patients (130 bisphosphonate, 138 control),

bisphosphonate use did not result in a statistically signifi-

cant change in BMD at the end of 1 year when compared

with the control group [change in BMD was 0.02 g/cm2

(95% C.I. )0.01–0.05 g/cm2); however, the P-value was

nonsignificant at 0.19] (Fig. 3).

There was no observed heterogeneity among the four

included studies for this data analysis.

Fracture incidence

Although data on incident fractures were provided by five

of the included studies, pooling of the numbers was not

done because of heterogeneity. Moreover, not all studies

were adequately powered to estimate the fracture inci-

dence. The details on fractures are summarized in

Table 2.

Adverse effects related to bisphosphonates

None of the studies noted serious adverse effects related

to bisphosphonate administration. The most severe

adverse effects were noted by Atamaz et al. who used oral

alendronate where two patients initially included in the

study discontinued from the trial because of persistent

gastrointestinal distress [16]. The most common side-

effects across the studies were mild fever, myalgia, arthral-

gia, and temporary hypocalcemia. No major adverse

effects on renal function were seen irrespective of the

dose of bisphosphonates.

Discussion

Chronic liver disease predisposes to bone disorders by a

multitude of mechanisms including impaired bile salt

production and vitamin D metabolism, poor nutrition,

and hypogonadism [17]. Accelerated bone loss subsequent

to orthotopic LT is a well-recognized but less well-under-

stood entity, likely resulting from the use of steroids and

other immunosuppressive agents and postoperative

immobility [2,18]. Metabolic bone disease and the resul-

tant increase in fracture risk contribute to significant

morbidity and mortality in LT recipients [3]. Bisphospho-

nates act by inhibiting the apoptosis of osteoclasts and

osteoblasts and are the cornerstone of antiresorptive therapy

in postmenopausal and steroid-induced osteoporosis [19].

BMD measurements are widely accepted in clinical prac-

tice to guide therapy with bisphosphonates, although it

has been shown that BMD values do not accurately pre-

dict fracture risk in individuals [20]. Likewise, the utility

of BMD values in predicting fracture risk in organ trans-

plant patients is still unclear. There has been a recent

surge of interest in the use of bisphosphonates in LT

patients because of the increasing survival rates. However,

there are no established guidelines on antiresorptive ther-

apy in LT patients till date. Results from several prospec-

tive and randomized trials have given conflicting reports
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on fracture incidence and BMD changes with the use of

bisphosphonates. This meta-analysis was done to system-

atically review available data on RCTs and generate an

estimate of cumulative effect size on bisphosphonate effi-

cacy in LT patients.

Our results show that there is a statistically significant

increased mean BMD of 0.03 g/cm2 in the bisphospho-

nate group when compared with the control/placebo

group at the lumbar spine 12 months after LT (six stud-

ies). At the femoral neck, the decline in mean BMD com-

parison was not statistically significant, but was reduced

by 0.02 g/cm2 in the bisphosphonate group (four studies).

A meta-analysis of RCTs on the effects of bisphospho-

nates in renal transplant patients reported that the loss of

BMD at the lumbar spine was lesser by 0.06 g/cm2 in the

bisphosphonate group compared to the control group by

6–12 months post renal transplant [21].Our meta-analysis

shows that BMD values at the lumbar spine in fact

improve by 0.03 g/cm2 post LT from bisphosphonate use

when compared with the ‘lesser decline’ in BMD at the

lumbar spine post renal transplant.

None of the studies reported major adverse effects from

any dose or form of bisphosphonate therapy despite the

presence of chronic liver disease. The primary study end-

points differed across studies, but all the studies assessed

BMD changes and fracture rates in LT patients. With the

exception of one study that only administered a single

dose of i.v. pamidronate to the intervention group [13],

all the other studies noted increase in lumbar BMD values

at 1 year post LT. Crawford et al. noted a positive effect

on BMD at the lumbar spine despite the intervention

group requiring more steroid therapy as a result of acute

rejection compared with the control group [1]. Their

study also points out that average BMD at the lumbar

spine recovered above the pretransplant levels by

12 months in both the intervention and control groups.

However, this effect was not seen at the hip region where

patients in the zolendronic acid group had no loss of bone

when compared with the placebo group that could only

regain partial BMD at 12 months post LT. Similar

improvements at the control/placebo group lumbar spine

BMD values from baseline levels at 12 months post LT

were seen in the studies by Valero et al., Ninkovic et al.

and Atamaz et al. [4,13,16]. This finding serves as a con-

firmation to continued bone recovery after the initial

decline in the first few months post LT and could very

well be from improvements in general health and mobil-

ity, liver function and nutritional status. However, a

majority of the included studies show that mean BMD lev-

els at the femoral neck are lower than pre-LT values after

12 months in both the treatment and control groups. The

study by Atamaz et al. is the only RCT that showed that

mean BMD at the femur neck persistently moved in aT
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positive direction in the bisphosphonate group unlike the

placebo group post LT. In their study, the mean BMD at

the femoral neck started to improve in the placebo group

after 6 months and then had a persistent improvement

over a period of 2 years to reach values above pre-LT

BMD [16]. It is likely that bone recovery at the femoral

region is slower than at the vertebral spine [22].

The study by Bodingbauer et al. is the only study

among the included RCTs that primarily assessed bone

fracture incidence in the intervention and control groups

[3]. Four patients in the zolendronic acid group sustained

vertebral fractures when compared with the control group

(11 patients; P = 0.5). In our meta-analysis, fracture data

could not be pooled for a summary estimate as a result

of the heterogeneity among the studies (Table 2). Consid-

ering vertebral fractures to be causing more morbidity

than nonvertebral fractures, the included RCTs show that

more vertebral fractures were seen in control/placebo

group studies by Crawford et al. (five doses of i.v. zolend-

ronic acid 4 mg), Bodingbauer et al. (eight doses of i.v.

zolendronic acid 4 mg) and Atamaz et al. (weekly 70 mg

p.o. alendronate); more vertebral fractures were seen in

Study or subgroup

Atamaz 2006

Bodingbauer 2007

Crawford 2006

Monegal 2009

Ninkovic 2002

Valero 1995

Total (95% CI)

Heterogeneity: Chi2 = 1.90, df = 5 (P = 0.86); I 2= 0%

Test for overall effect: Z = 2.41 (P = 0.02)

Mean

0.04

0.003

0.053

0.03

0.01

0.067

SD

0.09

0.143

0.15

0.19

0.187

0.079

Total

44

21

29

32

33

23

182

Mean

0.003

–0.036

0.042

–0.04

0.01

0.048

SD

0.1

0.141

0.184

0.15

0.185

0.07

Total

48

20

25

34

38

17

182

Weight

39.9%

8.0%

7.4%

8.8%

8.0%

28.0%

100.0%

IV, Fixed, 95% CI

0.04 [–0.00, 0.08]

0.04 [–0.05, 0.13]

0.01 [–0.08, 0.10]

0.07 [–0.01, 0.15]

0.00 [–0.09, 0.09]

0.02 [–0.03, 0.07]

0.03 [0.01, 0.05]

Bisphosphonates Control/ placebo Mean difference Mean difference

IV, Fixed, 95% CI

–0.2 –0.1 0 0.1 0.2
Favours control/placebo Favours bisphosphonate

Figure 2 Forest plot of the weighted mean differences of BMD changes at lumbar spine after bisphosphonate therapy versus controls; fixed

effects model.

Study or subgroup

Atamaz 2006
Bodingbauer 2007
Crawford 2006
Ninkovic 2002

Total (95% CI)

Heterogeneity: Chi2 = 2.95, df = 3 (P = 0.40); I 2 = 0%
Test for overall effect: Z = 1.30 (P = 0.19)

Mean

0.03
–0.022
–0.006
–0.042

SD

0.1
0.102
0.14

0.141

Total

44
24
29
33

130

Mean

–0.009
–0.033
–0.029
–0.012

SD

0.1
0.115
0.171
0.154

Total

48
27
25
38

138

Weight

48.5%
22.9%
11.4%
17.2%

100.0%

IV, Fixed, 95% CI

0.04 [–0.00, 0.08]
0.01 [–0.05, 0.07]
0.02 [–0.06, 0.11]

–0.03 [–0.10, 0.04]

0.02 [–0.01, 0.05]

Bisphosphonates Control/placebo Mean difference Mean difference
IV, Fixed, 95% CI

–0.5 –0.25 0 0.25 0.5
Favours Control/placebo Favours Bisphosphonates

Figure 3 Forest plot of the weighted mean differences of BMD changes at femoral neck after bisphosphonate therapy versus controls; fixed

effects model.

Table 2. Incident fracture data.

Study, year

Number of fractures –

bisphosphonate group

Number of fractures –

control group

Duration

(months)

Crawford et al. 2006 [1] 2 pts with single nonvertebral fracture 2 pts with multiple vertebral fracture

and 1 pt wrist fracture

12

Bodingbauer et al. 2007 [3] 4 pts had vertebral fracture 11 pts had vertebral fracture 24

Atamaz et al. 2006 [5] 3pts had ‡1 vertebral fracture and

0 pts had ‡2vertebral fracture

7pts had ‡1 vertebral fracture and

2 pts had ‡2 vertebral fracture

24

Ninkovic et al. 2002 [13] 2 pts had 2 vertebral fractures each

and 1 pt had 1 vertebral fracture

and 1 pt had 1 extravertebral fracture

1 pt had 2 vertebral fractures and

1 pt had 1 extravertebral fracture

4

Monegal et al. 2009 [6] 6 pts vertebral fractures and 1 pt

extravertebral fracture

2 pts vertebral and 1 pt

extravertebral fracture

12
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the intervention group in the studies by Ninkovic et al.

(single dose i.v. pamidronate 60 mg) and Monegal et al.

(two doses of i.v. pamidronate 90 mg). Individual patient

factors need to be taken into account prior to summariz-

ing the fracture incidence relative to brand, dose and

duration of bisphosphonate therapy. This would be a lim-

itation of our present meta-analysis. As the studies did

not include patients who were already on bisphospho-

nates prior to being considered for liver transplantation,

we have not been able to assess the efficacy of bisphosph-

onate use in this particular patient group after OLT.

Conclusions

Bisphosphonate therapy in LT recipients appears to

reduce accelerated bone loss and improve bone mineral

density at the lumbar spine during the first year post LT.

The indications, optimum duration and dosage of bis-

phosphonate therapy in LT patients need to be deter-

mined. Higher doses appear to be safe in these patients

despite chronic liver disease. Future studies in LT patients

should focus on precise estimation of fracture incidence

and interventions to reduce such fractures. There is a

need for the development of an ideal surrogate for identi-

fying post-transplant fracture risk as BMD values appear

to be poor predictors of fracture risk. The present meta-

analysis cannot justify the role of bisphosphonates in pre-

venting fractures post LT despite a positive effect on

mean BMD. A longer duration of follow-up in LT recipi-

ents on bisphosphonate therapy is needed so that long-

term sustainability of the initial improvements in bone

health can be assessed.
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