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Primary biliary cirrhosis and osteoporosis: a case-control study

Abstract Osteoporosis is a common complication of chronic 
liver disease, from cholestatic disorders to autoimmune, 
alcoholic, and posthepatitic cirrhosis. Osteoporosis appears 
more striking in patients with primary biliary cirrhosis 
(PBC) because the disease usually affects elderly women, 
who are naturally prone to osteoporosis. Our aims were (1) 
to compare the prevalence of osteoporosis (T-score <−2.5 
SD) between PBC patients and a group of age- and sex-
matched controls consisting of healthy subjects from the 
general population; and (2) to identify the main risk factors 
for the development of bone loss. Thirty-three women with 
PBC (mean age, 47.3 ± 10.4 years) and 66 healthy subjects 
were enrolled in the study. Bone mineral density (BMD) 
was assessed at the lumbar spine by dual-photon X-ray 
absorptiometry. Bone metabolism was evaluated by mea-
suring serum calcium corrected for serum albumin, 25-
hydroxyvitamin D (25-OH vit D), parathyroid hormone, 
and osteocalcin. Vertebral fractures were analyzed using 
vertebral fracture assessment (VFA). The mean T-score 
was lower in the PBC group compared to healthy controls, 
with a signifi cant statistical difference (−2.39 ± 0.93 and 
−1.47 ± 0.99 in lumbar spine and total hip, respectively, in 
the PBC group versus −0.99 ± 0.51 and −0.56 ± 1.14 in 
healthy controls (P < 0.001). The prevalence of osteoporosis 
was 51.5% in the PBC group versus 22.7% in healthy con-
trols with a statistically signifi cant difference (P = 0.004). 
BMD of the PBC group was signifi cantly correlated posi-

tively with body mass index (BMI) and 25-OH vit D, and 
negatively with menopausal status, duration of disease, and 
parathyroid hormone (PTH) levels. Vertebral fractures 
were present in 9% of the patients. We found that osteopo-
rosis is more prevalent in women with PBC than in the 
general population. BMI, menopausal status, duration of 
the disease, and vitamin D defi ciency are the main risk 
factors for osteoporosis in this liver disease.
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Introduction

Primary biliary cirrhosis (PBC) is a presumed autoimmune 
disease of the liver, which predominantly affects women 
over the age of 20 years. It affects women nine times more 
often than men. Metabolic bone disease is a well-known 
complication of PBC. The etiology of this disorder is 
complex and multifactorial. The clinical spectrum of the 
PBC is very broad, ranging from asymptomatic patients to 
end-stage cirrhotic patients awaiting organ transplantation. 
Recently, it has become common to diagnose PBC in post-
menopausal women with minor cholestasis. It has been 
suggested that untreated women with PBC lose bone mass 
at a rate approximately twice that seen in age-matched 
controls [1]. In contrast to what was believed earlier, histo-
morphometric studies have shown unequivocally that osteo-
porosis is the major disorder [2,3], which can result in 
spontaneous or low-trauma fracturing that signifi cantly 
impacts morbidity, quality of life, and even survival. Overall, 
the reported mean prevalence of osteoporosis and vertebral 
fractures in most series is around 35% [4,5] and 3%–20%, 
respectively [6]. Disagreements concerning the abnormali-
ties of bone remodeling and turnover that result in bone 
loss have emerged. Thus, an increased bone turnover has 
been found in some patients with PBC, and the rate of bone 
turnover increased as hepatic disease and cholestasis wors-
ened [7]. Conversely, it has been suggested that levels of 
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bone turnover in PBC may potentially be decreased by the 
effects of bilirubin or other substances that result from cho-
lestasis [8,9]. Other factors, such as a genetic contribution 
to bone mass of several gene polymorphisms, have been 
involved [10,11].

The aims of the present study were, therefore, (1) to 
compare the prevalence of osteoporosis between PBC 
patients and a group of age and sex-matched controls con-
sisting of healthy subjects from the general population; and 
(2) to identify the main risk factors for osteoporosis in 
patients with PBC.

Patients and methods

Patients

Thirty-three women (mean age, 47.3 ± 10.4 years) with PBC 
and 66 healthy females were included in this study. All 
subjects were asymptomatic for bone loss. Diagnosis of liver 
disease was achieved in two gastroenterology departments 
by biochemical, serological, and histopathological investi-
gations. None of the patients had received any of the medi-
cations related to bone mineral metabolism, such as calcium, 
estrogen, hormone replacement therapy, vitamin D, corti-
costeroid, calcitonin, or bisphosphonates. Body weight and 
height were measured. Body mass index (BMI) was calcu-
lated as the weight (kg) divided by height (m2). Patients and 
controls gave their informed consent to participation in the 
study.

Bone mineral density measurements

The bone mineral density (BMD) of the lumbar spine, total 
hip, and femoral neck was measured using dual-energy 
X-ray absorptiometry (Lunar Prodigy, General Electric, 
Madison, WI, USA) in all patients and controls. The 
phantom precision expressed as the coeffi cient of variation 
percentage was 0.08. Moreover, reproducibility has been 
assessed recently in clinical practice and showed a smallest 
detectable difference of 0.04 and 0.02 g/cm2 for the spine 
and hips, respectively [12,13]. Osteopenia and osteoporosis 
were diagnosed in accordance with the World Health 
Organization criteria. Briefl y, osteoporosis was defi ned as a 
BMD < 2.5 SD or more below the young adult mean value 
(T-score <−2.5) and osteopenia when the T-score was 
between −1 and −2.5. We used a Moroccan data reference 
curve to measure T-scores [14,15].

Clinical data and liver function

Age, duration of liver disease, menopausal status, histologi-
cal stage, and severity of liver disease were assessed. The 
following measurements were performed to assess the 
severity of cholestasis and liver damage: serum concen-

tration of bilirubin, aspartate aminotransferase, alkaline 
phosphatase, gamma-glutamyltransferase, and albumin, 

as well as the prothrombin index. The histological stage was 
recorded according to Ludwig’s criteria [16].

Biochemical tests

Morning blood and urine samples were drawn after an over-
night fast. Phosphate and total and ionized calcium were 
measured with an automatic technique. Serum 25 hydroxyvi-
tamin D (25-OH vit D) was determined by radioimmunoas-
say (RIA) using a commercial kit (Diasorin, Stillwater, MN, 
USA). Serum osteocalcin, crosslaps (C-telopeptide, CTX), 
and parathyroid hormone (PTH) were measured in patients 
using electrochemiluminescence on an ELECSYS 2010 
analyser (Roche Diagnostics, Mannheim, Germany).

Fracture assessment

Vertebral morphometry (vertebral fracture assessment) 
was used to identify vertebral fractures, defi ned as a reduc-
tion of 20% or more in the anterior, middle, or posterior 
height of the vertebral body.

Controls

The control group consisted of 66 young females extracted 
from the healthy general population (data used in the study 
of the Moroccan DXA reference database) [15]. The con-
trols were age matched to the patients.

Statistical analysis

Analyses were performed with the Statistical Package for 
the Social Sciences (SPSS 13.0). All results were expressed 
as the mean ± SD. Student’s t test for unpaired data and 
chi-square test were used, as appropriate. A P value ≤0.05 
was considered signifi cant. Correlation studies were per-
formed with the Spearman test (nonnormal distribution).

Results

Clinical characteristics, bone mineral density values (g/cm2), 
and T-scores of the PBC group and controls are illustrated 
in Table 1. All the patients with PBC and controls were 
females. The mean BMI of patients was signifi cantly lower 
than controls (P = 0.008). Sixteen patients and 32 matched 
controls were menopausal at a mean age of 47.9 (5.2) and 
47.4 (5.5) years, respectively. The mean BMD (P < 0.001) 
and T-score values (P < 0.001) of PBC patients were signifi -
cantly lower at the lumbar spine, total hip, and femur neck 
than in controls. The prevalence of osteoporosis in PBC 
patients at the lumbar spine and or the total hip was 51.5% 
versus 22.7% in healthy controls (P = 0.004). The preva-
lence of osteoporosis and osteopenia according to the sites 
of measure of BMD is shown in Fig. 1. Figure 2 represents 
the prevalence of osteoporosis in different ages. Table 2 
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Table 1. Clinical and densitometric data of patients with primary biliary cirrhosis (PBC) and 
controls

Patients with PBC
n = 33

Controls
n = 66

P

Age (years): mean ± SD 47.3 ± 10.4 47.3 ± 10.4 NS
Female sex: n (%)  33 (100)  66 (100) NS
Weight (kg): mean ± SD 63.5 ± 12.9 66.8 ± 13.6 0.01
Height (m): mean ± SD 1.58 ± 0.1 1.58 ± 0.2 NS
Body mass index (kg/m2): mean ± SD 25.4 ± 5.1 28.1 ± 4.7 0.015
Menopausal females: n (%)  16 (48.5)  32 (48.5) NS
Age at menopause (years): mean ± SD 47.9 ± 5.2 47.4 ± 5.5 NS
Duration of menopause (years): mean ± SD 7.3 ± 6.5 7.0 ± 6.1 
Disease duration (years): mean ± SD 4.0 ± 3.6 —
History of osteoporotic fracture: n (%)   3 (9.1) —
BMD (g/cm2), mean ± SD
 Lumbar spine 0.887 ± 0.11 1.045 ± 0.17 <0.001
 Total hip 0.830 ± 0.11 0.944 ± 0.13 <0.001
 Femoral neck 0.803 ± 0.11 0.899 ± 0.13 0.001
T-score, mean ± SD
 Lumbar spine −2.39 ± 0.93 −0.99 ± 1.51 <0.001
 Total hip −1.47 ± 0.99 −0.56 ± 1.14 <0.001
 Femoral neck −1.62 ± 1.02 −0.73 ± 1.18 <0.001

BMD, bone mineral density
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Fig. 1. Repartition of patients with primary biliary cirrhosis and con-
trols according to bone mineral density (BMD). LS, lumbar spine; TH, 
total hip; FN, femoral neck
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Table 2. Liver and bone turnover data of patients with primary biliary cirrhosis

Mean ± SD Range Number (percentage)

PBC histological stage
 I–II
 III–IV

— — 12 (36.4)
21 (63.6)

Serum alanine aminotransferase (U/l) 229.4 ± 326.2 [24–1700] —
Serum alkaline phosphatase (U/l) 812.2 ± 979.2 [100–5160] —
Gamma-glutamyltranspeptidase (U/l) 493.5 ± 566.5 [50–2400] —
Bilirubin (mg/l) 41.3 ± 46.5 [5–200] —
Albumin (g/l) 35.3 ± 6.7 [23.2–45.5] —
25-OH D (ng/ml) 10.1 ± 5.7 [7–23.9] —
1–25 (OH)2 D (ng/ml) 24.8 ± 8.5 [12–38] —
Parathyroid hormone (PTH) 1–84 (pg/ml) 37.1 ± 18.9 [14.1–79.8] —
Osteocalcin (ng/ml) 12.7 ± 6.2 [2.3–28.6] —
CTX (ng/ml) 0.2 ± 0.2 [0.001–0.6] —

Fig. 2. Percentage of osteoporosis by age (decades) in patients with 
primary biliary cirrhosis (PBC) and controls

shows values of laboratory variables particularly relevant to 
calcium, phosphorus, hepatic function, and bone metabo-
lism. The mean remodeling bone markers levels were within 
the normal reference ranges. All our PBC patients had low 
levels of 25-OH vit D (range, 7–23 ng/ml). Vertebral mor-

phometry (VFA) showed a vertebral fracture in 3 patients 
(9%).

The clinical and laboratory data of PBC patients with 
and without osteoporosis are summarized in Table 3. 
No differences were found between osteoporotic and 
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nonosteoporotic patients. Univariate and multiple regres-
sion analysis did not fi nd any signifi cant statistical associa-
tion between 25(OH)D and osteoporosis. When comparing 
osteoporotic patients with non osteoporotic patients only in 
premenopausal women, we found a statistical difference in 
weight (53.4 kg ± 9.0 vs. 67.0 ± 8.9; P < 0.001) and BMI (21.0 
± 2.6 vs. 26.4 ± 4.3; P < 0.001, respectively).

BMD of PBC patients in total hip was signifi cantly cor-
related, positively with BMI and 25-OH vit D and nega-
tively with PTH. A signifi cant negative correlation was 
found between BMD in femur neck and duration of meno-
pause, disease duration, and PTH. BMD of PBC patients 
in lumbar spine was signifi cantly correlated positively with 
25-OH vit D. Signifi cant correlations existed between BMD 
at the three studied sites. Pearson correlation coeffi cients 
were as follows: lumbar spine and femoral neck, I = 0.66; 
lumbar spine and total hip, r = 0.67; total hip and femoral 
neck, r = 0.90 (Table 4). PTH correlated negatively with 25 
OH vit D (r = −0.75; P = 0.013).

Discussion

This study shows that osteoporosis is more prevalent in 
women with PBC than in the general population, and con-

sequently these data confi rm the association of PBC with 
low bone mass. Osteoporosis is the predominant compo-
nent of hepatic osteodystrophy and is present in 20%–50% 
of patients with chronic liver disease (CLD), based on BMD 
measurements [17,18]. Osteomalacia, caused by concomi-
tant vitamin D defi ciency and calcium malabsorption, was 
traditionally considered to be the major bone disorder in 
patients with CLD, but is found in only a minority of patients 
[19].

Osteoporosis in patients with hepatic disease affects 
mainly trabecular bone and has been characterized by low 
bone turnover with reduced osteoblast function and low 
serum osteocalcin levels [20]. The pathogenesis of osteopo-
rosis in CLD is unknown, and there is much controversy 
about the risk factors for osteoporosis in CLD.

It has been shown that patients with cholestatic liver 
diseases, such as primary sclerosing cholangitis and PBC, 
have increased prevalence of osteoporosis compared to 
other chronic liver diseases [21,22]. Accordingly, Crosbie 
et al. [23] suggested that the high prevalence of osteoporosis 
rate (60%) in their study is the result of the large number 
of patients with either PBC or primary sclerosing cholangi-
tis. The risk of osteoporosis in PBC has been shown to cor-
relate with age, disease stage, BMI, and history of fractures 
[24–26].

Table 3. Clinical, biological, and histological parameters in patients with primary biliary cirrhosis with and without osteoporosis

Osteoporotic patients
(T-score ≤−2.5)
(n = 17)

Nonosteoporotic patients
(T-score <−2.5)
(n = 16)

P

Age (years) 48.3 ± 11.3 46.2 ± 9.8 NS
BMI (kg/m2) 24.6 ± 5.7 26.3 ± 4.59 NS
Menopause (%)  58.8  37.5 NS
Duration of menopause (years) 5.8 ± 3.67 9.8 ± 9.6 NS
Disease duration (years) 4.8 ± 4.3 3.1 ± 2.6 NS
Bilirubin (mg/l) 42.1 ± 54.7 40.4 ± 37.3 NS
ALAT (U/l) 183.5 ± 225.6 278.2 ± 409.6 NS
ASAT (U/l) 162.7 ± 186.6 245.3 ± 257.5 NS
Albumin (g/l) 36.3 ± 5.1 34.1 ± 9.1 NS
Histological stageI and II/III and IV   7/10   5/11 NS
PTH (pg/ml) 42.1 ± 17.8 33.0 ± 7.5 NS
25-OH vit D (ng/ml) 12.2 ± 7.8 17.2 ± 5.0 NS
Osteocalcin (ng/ml) 11.54 ± 6.76 13.61 ± 5.89 NS
CTX (ng/ml) 0.166 ± 0.172 0.221 ± 0.164 NS

Results are expressed as mean ± SD
NS, nonsignifi cant

Table 4. Correlation between BMD and different clinical, biological, and histological parameters 
in patients with PBC

Lumbar spine BMD
r

Total hip BMD
r

Femoral neck BMD
R

Age −0.21 −0.08 0.12
BMI 0.18 0.39* 0.19
Menopause duration −0.24 −0.22 −0.40*
Disease duration −0.22 −0.27 −0.34*
Histological stage −0.01 −0.02 −0.02
PTH 1−84 −0.25 −0.56** −0.46*
25-OH vit D 0.54** 0.59** 0.58**
Osteocalcin 0.11 −0.003 0.11
CTX 0.05 −0.01 0.08

BMI, body mass index
* P < 0.05; ** P < 0.01
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Many series have evaluated bone metabolism in patients 
with PBC and most indicate a high turnover state even 
when trabecular bone volume and distal forearm BMD are 
still normal [27,28], although some reports indicate low 
bone turnover [4]. Reduced trabecular wall thickness and 
increased bone turnover are proportional to the severity of 
hepatic dysfunction and cholestasis [7]. As observed in our 
series, increased serum parathyroid hormone (PTH) level 
has been implicated, possibly in response to reductions in 
25-OH vit D [29]. Although there is no consensus on optimal 
levels of 25-OH vit D as measured in serum, vitamin D 
defi ciency is defi ned by most experts as a 25-OH vit D level 
of less than 20 ng/ml. Levels of 25-OH vit D are inversely 
associated with parathyroid hormone levels until the former 
reach 30 to 40 ng/ml, at which point parathyroid hormone 
levels begin to level off. All our PBC patients had low 
vitamin D levels (range, 7–23 ng/ml). Although Morocco is 
a sunny country, the prevalence of 25-OH vit D defi ciency 
was found to be high among healthy Moroccan women in 
one study (83% having less than 30 ng/ml and 40% less than 
15 ng/ml) [30]. However, the fact that 25(OH)D values 
were not measured in the controls in the present study is 
still a signifi cant drawback to analyze the contribution of 
vitamin D status to PBC-associated osteoporosis. An osteo-
blast defect may also exist in PBC [7], although other studies 
show increased osteoblast activity [31]. One retrospective 
study did not fi nd any osteomalacia or osteoporotic condi-
tions in women with PBC aged 45–54 years, although indices 
of bone turnover were increased and similar fi ndings were 
shown in women with PBC aged 65–74 years and those with 
age-related osteoporosis [32]. This fi nding 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 unabsorbed 
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 histological 
examination in advanced cases again shows increased bone 
resorption, reduced formation, and no osteomalacia [33].

We found that duration of menopause and BMI were 
signifi cantly correlated with osteoporosis. This fi nding 
apparently confi rms previous results [34–37] in which 
chronic liver disease per se, and not a specifi c etiology, 
should be responsible for hepatic osteodystrophy. However, 
it has been reported that severe PBC cases have a low BMI. 
As two-thirds of patients in our series were in stage III and 
IV, this can explain why low BMI represented the major 
risk factor of osteoporosis, especially in premenopausal 
women. Osteoporosis has been shown to be signifi cantly 
associated with postmenopausal status in several studies 
[5,38].

Cholestatic disease has been reported to be associated 
with fracture rates both greater than and similar to noncho-
lestatic disorders [39,40]. Interestingly, the highest rate of 
prevalent fractures (44%) was seen in patients with autoim-
mune hepatitis, and this was much greater than in patients 
with PBC (7%) [39]. Incident fracture rates have been even 
less well characterized. In our series, 9% of the patients had 

a vertebral fracture. A study of women with PBC found 5% 
with new radiographic vertebral fractures over 2 years of 
follow-up [41]. In the control arm of a treatment study in 
patients with PBC with established osteoporosis, 9% had 
prevalent vertebral 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) 
[42]. Reduced lumbar spine BMD (below the fourth per-
centile) appeared to be a marker for increased risk of ver-
tebral fracture.

In summary, our study indicates that osteoporosis is a 
common complication in patients with PBC, with preva-
lence signifi cantly higher to that observed in an age-matched 
group of healthy women. These data suggest that vitamin 
D defi ciency may be linked to the PBC-associated bone 
loss and that duration of the liver disease and low BMI 
are the most important risk factors associated to this 
osteoporosis.

References

 1. Eastell R, Dickson ER, Hodgson SF, Wiesner RH, Porayko 
MK, Wahner HW, Cedel SL, Riggs BL, Krom RA (1991) Rates 
of vertebral bone loss before and after liver transplantation 
in patients with primary biliary cirrhosis. Hepatology 14:296–
300

 2. Lindor KD (1993) Management of osteopenia of liver disease with 
special emphasis on primary biliary cirrhosis. Semin Liver Dis 
13:367–373

 3. Hay JE (1995) Bone disease in cholestatic liver disease. Gastroen-
terology 108:276–283

 4. Guañabens N, Parés A, Mariñoso L, Brancós MA, Piera C, Serrano 
S, Rivera F, Rodés J (1990) Factors infl uencing the development 
of metabolic bone disease in primary biliary cirrhosis. Am J Gas-
troenterol 85:1356–1362

 5. Solerio E, Isaia G, Innarella R, Di Stefano M, Farina M, Borghesio 
E, Framarin L, Rizzetto M, Rosina F (2003) Osteoporosis: still a 
typical complication of primary biliary cirrhosis? Dig Liver Dis 
35:339–346

 6. AGA Technical Review on Osteoporosis in Hepatic Disorders 
(2003) Gastroenterology 125:941–966

 7. Hodgson SF, Dickson ER, Eastell R, Eriksen EF, Bryant SC, Riggs 
BL (1993) Rates of cancellous bone remodelling and turnover in 
osteopenia associated with primary biliary cirrhosis. Bone (NY) 
14:819–827

 8. Hodgson SF, Dickson ER, Wahner HW, Johnson KA, Mann KG, 
Riggs BL (1985) Bone loss and reduced osteoblast function in 
primary biliary cirrhosis. Ann Intern Med 103:855–860

 9. Janes CH, Dickson ER, Okazaki R, Bonde S, McDonagh AF, 
Riggs BL (1995) Role of hyperbilirubinemia in the impairment of 
osteoblast proliferation associated with cholestatic jaundice. J Clin 
Invest 95:2581–2586

10. Parés A, Guañabens N, Alvarez L, De Osaba MJ, Oriola J, Pons 
F, Caballería L, Monegal A, Salvador G, Jo J, Peris P, Rivera F, 
Ballesta AM, Rodés J (2001) Collagen type I a1 and vitamin D 
receptor gene polymorphisms and bone mass in primary biliary 
cirrhosis. Hepatology 33:554–560

11. Springer JE, Cole DE, Rubin LA, Cauch-Dudek K, Harewood L, 
Evrovski J, Peltekova VD, Heathcote EJ (2000) Vitamin D-
receptor genotypes as independent genetic predictors of decreased 
bone mineral density in primary biliary cirrhosis. Gastroenterology 
118:145–151

12. El Maghraoui A, Do Santos Zounon AA, Jroundi I, Nouijai A, 
Ghazi M, Achemlal L, Bezza A, Tazi MA, Abouqual R (2005) 
Reproducibility of bone mineral density measurements using dual 
X-ray absorptiometry in daily clinical practice. Osteoporos Int 
16(12):1742–1748



384 

13. El Maghraoui A, Achemlal L, Bezza A (2006) Monitoring of dual 
energy x-ray absorptiometry measurement in clinical practice. J 
Clin Densitom 9(3):281–286

14. El Maghraoui A, Guerboub AA, Mounach A, Ghozlani I, Nouijai 
A, Ghazi M, Achemlal L, Bezza A, Tazi MA (2007) Body mass 
index and gynecological factors as determinants of bone mass in 
healthy Moroccan postmenopausal women. Maturitas 56(4):
375–382

15. El Maghraoui A, Guerboub AA, Achemlal L, Mounach A, Nouijai 
A, Ghazi M, Bezza A, Tazi MA (2006) Bone mineral density of 
the spine and femur in healthy Moroccan women. J Clin Densitom 
9(4):454–460

16. Ludwig J, Dickson ER, McDonald GSA (1978) Staging of chronic 
non-suppurative destructive cholangitis (syndrome of primary 
biliary cirrhosis). Virchows Arch A Pathol Anat Histol 379:103–
110

17. Hay JE, Lindor KD, Wiesner RH (1991) The metabolic bone 
disease of primary sclerosing cholangitis. Hepatology 14:257–
261

18. Lindor KD, Janes CH, Crippin JS, Jorgensen RA, Dickson ER 
(1995) Bone disease in primary biliary cirrhosis: does ursodeoxy-
cholic acid make a difference? Hepatology 21:389–392

19. Diamond TH, Stiel D, Lunzer M, McDowall D, Eckstein RP, 
Posen S (1989) Hepatic osteodystrophy static and dynamic bone 
histomorphometry and bone Gla-protein in 80 patients with 
chronic liver disease. Gastroenterology 96:213–221

20. Diamond-Hodgson SF, Dickson ER, Wahner HW, Johnson KA, 
Mann KG, Riggs BL (1985) Bone loss and reduced osteoblast 
function in primary biliary cirrhosis. Ann Intern Med 103:855–
860

21. Trautwein C, Possienke P, Schlitt H, Klaus H, Roland H, Rudolph 
R, et al. (2000) Bone density and metabolism in patients with viral 
hepatitis and cholestatic liver diseases before and after liver trans-
plantation. Am J Gastroenterol 95:2343–2351

22. Rosen H (1996) Primary biliary cirrhosis and bone disease. Hepa-
tology 21:253–255

23. Crosbie OM, Freaney R, McKenna MJ, Hegarty JE (1999) Bone 
density, Vitamin D status, and disordered bone remodeling in end-
stage chronic liver disease. Calcif Tissue Int 64:295–300

24. Guichelaar M, Hay J, Egan K, Therneau T (2000) Incidence and 
pretransplant risk factors for posttransplant fractures in patients 
with chronic cholestatic liver disease. J Hepatol 32:49

25. Menon K, Angulo P, Weston S, Dickson E, Lindor K (2001) Bone 
disease in primary biliary cirrhosis: independent indicators and 
rate of progression. J Hepatol 35:316–323

26. Pares A, Guanabens N, Ros I, Caballeria L, Pons F, Vidal S, 
Monegal A, Peris P, Rodes J (2002) Duration and severity of the 
disease but not menopausal status are the main risk factors for 
osteoporosis in primary biliary cirrhosis. J Hepatol 36:154–155

27. Mitchison HC, Malcolm AJ, Bassendine MF, James OF (1988) 
Metabolic bone disease in primary biliary cirrhosis at presentation. 
Gastroenterology 94:463–470

28. Cuthbert JA, Pak CY, Zerwekh JE, Glass KD, Combes B (1984) 
Bone disease in primary biliary cirrhosis: increased bone resorp-
tion and turnover in the absence of osteoporosis or osteomalacia. 
Hepatology 4(1–8):1091–1095

29. Bagur A, Mautalen C, Findor J, Sorda J, Somoza J (1998) Risk 
factors for the development of vertebral and total skeleton osteo-
porosis in patients with primary biliary cirrhosis. Calcif Tissue Int 
63:385–390

30. Allali F, El Aichaoui S, Benyahya B, Khazani H, Saoud B, Abouqal 
R, Hajjaj-Hassouni H (2006) Hypovitaminosis D in a sunny 
country: relation to lifestyle, bone markers and bone mineral 
density. Ann Rheum Dis 65(suppl 2):412

31. Pereira SP, Bray GP, Pitt PI, Li FM, Moniz C, Williams R (1999) 
Noninvasive assessment of bone density in primary biliary cirrho-
sis. Eur J Gastroenterol Hepatol 11:323–328

32. Shih MS, Anderson C (1987) Does “hepatic osteodystrophy” differ 
from peri- and postmenopausal osteoporosis? A histomorphomet-
ric study. Calcif Tissue Int 41:187–191

33. Hay JE, Lindor KD, Wiesner RH, Dickson ER, Krom RA, 
LaRusso NF (1991) The metabolic bone disease of primary scleros-
ing cholangitis. Hepatology 14:257–261

34. Floreani A, Fries W, Luisetto G, Burra P, Fagiuoli S, Boccagni P, 
Della Rovere GR, Plebani M, Piccoli A, Naccarato R (1998) Bone 
metabolism in orthotopic liver transplantation: a prospective study. 
Liver Transpl Surg 4:311–319

35. Ormarsdottir S, Ljunggren O, Mallmin H, Brahm H, Loof L (1999) 
Low body mass index and use of corticosteroids, but not cholesta-
sis, are risk factors for osteoporosis in patients with chronic liver 
disease. J Hepatol 31:84–90

36. Linderthal B, Leuschner MS, Ackerman H, Happ J, Leuschner UF 
(2000) Is primary biliary cirrhosis (PBC) in itself a risk factor for 
osteoporosis? Hepatology 32:168A

37. Floreani A, Mega A, Camozzi V, Baldo V, Plebani M, Burra P, 
Luisetto G (2005) Is osteoporosis a peculiar association with primary 
biliary cirrhosis? World J Gastroenterol 11(34):5347–5350

38. Le Gars L, Grandpierre C, Chazouilleres O, Berenbaum F, 
Poupon R (2002) Bone loss in primary biliary cirrhhosis: absence 
of association with severity of liver disease. Joint Bone Spine 
69:195–200

39. Olsson R, Johansson C, Lindstedt G, Mellstrom D (1994) Risk 
factors for bone loss in chronic active hepatitis and primary biliary 
cirrhosis. Scand J Gastroenterol 29:753–756

40. Diamond T, Stiel D, Lunzer M, Wilkinson M, Roche J, Posen S 
(1990) Osteoporosis and skeletal fractures in chronic liver disease. 
Gut 31:82–87

41. Guanabens N, Pares A, Navasa M, Martinez de Osaba MJ, 
Hernandez ME, Munoz J, Rodes J (1994) Cyclosporin A increases 
the biochemical markers of bone remodeling in primary biliary 
cirrhosis. J Hepatol 21:24–28

42. Lindor KD, Jorgensen RA, Tiegs RD, Khosla S, Dickson ER 
(2000) Etidronate for osteoporosis in primary biliary cirrhosis: a 
randomized trial. J Hepatol 33:878–882



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


