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Abstract  

 

Osteoporosis has become an increasingly recognized complication among patients with chronic liver disease (CLD). The 

aim of the present study was to assess the prevalence and risk factors of osteoporosis in patients with CLD (primary 

biliary cholangitis and chronic viral hepatitis B or C patients) in comparison with a group of age- and sex-matched 

controls. Sixty-four patients with CLD (mean age 51.66 ± 11.54 years), 48 females and 16 males were included. Age- 

and sex-matched individuals from the general population served as controls. Osteoporosis was evaluated by dual energy 

X-ray absorptiometry (bone mineral density below -2.5 T score) at the lumbar spine (LS) and total hip (TH). Vertebral 

fractures were established by densitometric morphometry (vertebral fracture assessment). Bone turnover was assessed by 

intact parathyroid hormone, osteocalcin and C-telopeptides of type I collagen in the serum. Prevalence of osteoporosis in 

either the LS or the TH was 45.3%, twice as high as in the controls (19.6%) (RR 2.31, 95% CI 1.42–3.75, P\0.001). Age, 

menopausal status, cirrhosis and advanced histological stage are not determinant factors for developing osteoporosis in 

patients with CLD. However, female sex, cholestasis, lower weight and height but not body mass index seem to play 

predominant role. Three (5.3%) patients had dorsal and LS fractures. It was concluded that osteoporosis is effectively a 

complication of CLD. Cholestasis in addition to female sex and lower weight and height are risk factors of osteoporosis 

in CLD. 
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INTRODUCTION  
Chronic liver disease (CLD) can be classified 

into diseases with primarily hepato cellular damage 

such as chronic viral hepatitis B or C (CVH) and 

cholestatic diseases [primary biliary cholangitis (PBC), 

primary sclerosing cholangitis]. Metabolic bone disease 

occurring in patients with CLD, known as hepatic 

osteodystrophy, is a common complication among 

individuals with long-standing hepatic disease. 

Osteoporosis is the well known major complication in 

this chronic hepatitis. Its prevalence vary considerably, 

it ranges from 20 to 100% [1, 2] according to patient 

selection and diagnostic criteria. Osteoporosis in CLD 

mainly affects trabecular bone and has been 

characterized by low bone turnover with reduced 

osteoblast function and low serum osteocalcin levels [1, 

3-5]. The pathogenesis of osteoporosis in CLD is still 

unknown and it is likely that multiple factors are 

operating simultaneously. The aims of this study were 

to assess the prevalence of osteoporosis in CLD 

especially in PBC and CVH B or C in comparison with 

a group of age- and sex-matched controls consisting of 

healthy subjects and to identify the main risk factors for 

its development. 

 

PATIENTS AND METHODS 
Patients and controls A total of 64 patients 

with CLD (33 PBC and 31 CVH B or C defined by 

clinical, biochemical, serological, immunological and 

histopathological investigations with duration up to 6 

months) were selected. They were followed at 

Gastroenterology Department, Ibn Sina or Military 

Hospital Mohammed V, Rabat, Morocco. None of them 

was receiving oral calcium or vitamin D supplements, 

bisphosphonates, estrogens, corticosteroids or any other 

treatments that could affect bone mass before the study. 

Body mass index (BMI) was calculated by dividing 

weight (kg) by squared height (m2). All patients with 

CLD were treated for their chronic hepatitis, but the 

effect of these drugs on bone mineral density (BMD) is 

not recognized. A total of 97 age- and gender-matched 

controls were selected from the general population (data 

used in the study of the Moroccan DXA reference 

database) [6]. Menopausal status, age of menopause and 

BMI were assessed in this control group. Patients and 

controls gave their informed consent to participation in 

the study. Clinical aspects and hepatic status 

Information about age, sex, menopausal status, age of 

menopause for women, BMI and duration of CLD were 

derived from a questionnaire used for patients. Liver 
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damage and severity of cholestasis for the patients with 

PBC were assessed by the following measurements: 

serum concentration of bilirubin, albumin, aspartate 

aminotransferase, alanine aminotransferase, alkaline 

phosphatase and gammaglutamyl transferase as well as 

the prothrombin index. The histological stage was 

recorded according to Ludwig’s criteria [7] for patients 

with PBC and cirrhotic status was determined for 

patients with CVH B or C. Bone mineral density 

measurements Bone mineral density was measured in 

two sites: LS (L1–L4) and TH using dual energy X-ray 

absorptiometry (Lunar Prodigy vision General Electric). 

All measurements were realized by two technicians in 

all patients and controls. The long-term precision error 

for the DXA equipment was evaluated by the use of a 

spine phantom and expressed as the coefficient of 

variance which 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 [8, 9]. BMD and T 

score were calculated according to the basis of BMD 

measurements performed in a sample of non-selected 

women. A Moroccan data reference curve was used to 

measure T scores [6, 10]. Osteoporosis was defined as a 

T score below -2.5 SD of the young adult mean value 

and osteopenia when the T score is between -1 and -2.5 

SD according to the World Health Organization criteria 

[11]. A similar definition was used for men: BMD less 

than -2.5 SD from the mean of a young adult male 

population. The prevalence of osteoporosis in patients 

with CLD was compared to that reported in non-

selected Moroccan population. Fracture assessment A 

morphometric study of dorsal and LS (T4–L4) was used 

in order to disclose vertebral fracture using DXA 

(Vertebral Fracture Assessment) [12, 13] only in 

patients. It was obtained in 58 patients out of 64 and 

was realized in association with BMD measurement. 

The diagnosis of vertebral fracture was performed using 

the Genant index [14]. It was defined as a reduction of 

20% or more in the anterior, middle or posterior height 

of the vertebral body. Biochemical bone metabolism 

tests Biochemical bone metabolism tests were 

performed only in the patient group. All blood and 

urine samples were drawn after an overnight fast. 

Serum osteocalcin, C-telopeptides of type I collagen 

(CTX), and intact parathormone 1-84 (iPTH 1-84) were 

measured by immunoenzymatic assay (IEA) in 55 

patients out of 64 using electrochemiluminescence on 

an ELECSYS 2010 analyser (Roche Diagnostics, 

Mannheim, Germany). Serum 25 hydroxy vitamin D 

(25 OH vit D) was determined by radioimmunoassay 

(RIA). Alkaline phosphatase, serum calcium, 

phosphorus and urinary calcium were also measured. 

Statistics The Statistical Package for the Social 

Sciences (SPSS 13.0 version) was used for statistical 

calculations. All data were expressed as mean ± 

standard deviation. The Chi square test was used to 

analyze differences in non-continuous variables and the 

Student’s t test in continuous variables. A two tailed P 

value \0.05 was considered to indicate a significant 

difference. Correlations were performed using the 

Spearman test.  

 

RESULTS 
Demographical and clinical data of the patients 

and the controls are shown in Table-1. The mean age of 

our patients was 51.6 ± 11.5 years (range 26–76 years).

 

Table-1: Demographic and clinical data of patients with chronic liver disease and controls 

 

 Patients (all) PBC patients CVH patients Controls 

N 64 33 31 97  

Sex (F/M), (n) 48/16 33/0 15/16 81/16 

Age (years), mean 51.66 47.33 56.26 50.19 

BMI (kg/m
2
), mean ± SD 26.13 ± 4.41 25.45 ± 5.18 26.85 ± 3.34 28 ± 4.32 

Menopause, n (%) 29 (60.4) 16 (48.5) 13 (86.7) 46 (56.8) 

Age of menopause (years), mean 47.9 47.94 47.85 47.89 

 

CLD Chronic liver disease, PBC primary 

biliary cirrhosis, CVH chronic viral hepatitis, F female, 

M male, BMI body mass index 

 

There were 48 (75%) females and 16 (25%) 

males. A total of 60.4% (29/48) of the females were 

postmenopausal and 12 became menopausal before the 

age of 45 years. The mean BMD and T score at the LS 

and at the TH were significantly reduced at both sites in 

patients with CLD compared with the control group 

(LS: P\0.001, TH: P = 0.001). Bone mineral density and 

T score did not differ between male patients and 

controls at both sites. However, female patients in 

premenopause or postmenopause showed lower BMD 

and T score values when comparing with healthy 

controls (Table-2). When analyzed separately, patients 

with PBC showed significant lower BMD than the 

control group (P\0.00) while, CVH patients did not 

differ from controls at both sites of BMD measurement. 

The prevalence of osteoporosis in either of LS (L1–L4) 

or the TH was significantly higher in the patient group 

(29/64, 45.3%) compared with the control group (19/97, 

19.6%) (RR: 2.31, 95% CI: 1.42–3.75, P\0.001). When 

the prevalence of osteoporosis was evaluated according 

to ranges of age, all categories showed higher rate of 

osteoporosis than the control group with a statistically 

significant difference for patients between 25 and 44 

years (P = 0.03) and between 45 and 54 years (P = 

0.003) (Fig-1). The prevalence of osteoporosis was 

significantly higher in female patients regardless of 
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their menopausal status than their controls (Table-3). 

When comparing PBC and CVH patients lower BMD 

and T score in PBC patients than in the other group was 

observed (Table-4). A total of 43.8% patients were 

osteoporotic at the LS and only 9.4% at the TH. 50% 

patients were osteopenic at the TH and 39.1% at the LS. 

The clinical, histological and laboratory data of CLD 

patients with and without osteoporosis are summarized 

in Table 5. No differences between osteoporotic and 

non-osteoporotic patients were observed except for age 

of menopause. BMD at either LS or TH correlated with 

female sex (r = -0.35, P = 0.004; r = -0.35, P = 0.004) 

respectively. Weight also correlated with BMD at both 

sites (LS: r = 0.39, P = 0.001; TH: r = 0.38, P = 0.002) 

and low BMD was associated with a small height (LS: r 

= 0.42, P\0.001; TH: r = 0.38, P = 0.002). However, no 

relationship was identified in patient group neither 

between BMD and BMI nor among controls. A high 

age of menopause correlated with low BMD at the LS 

but not at the TH. 

 

Table-2: Bone mineral density (g/cm2) and T score (SD) of patients and controls 

 

 Lumbar spine BMD and T score Total hip BMD and T score 

Patients Controls P value Patients Controls P value 

All 0.931 ± 0.15 1.04 ± 0.16 \0.001 0.877 ± 0.13 0.953 ± 0.14 0.001 

-2.01 ± 1.31 -1.00 ± 1.36 \0.001 -1.17 ± 1.10 -0.53 ± 1.15 0.001 

Females 0.900 ± 0.13 1.03 ± 0.16 \0.001 0.849 ± 0.12 0.937 ± 0.14 0.001 

-2.24 ± 1.21 -1.06 ± 1.38 \0.001 -1.36 ± 1.05 -0.62 ± 1.18 \0.001 

Males 1.02 ± 0.15 1.09 ± 0.16 NS 0.962 ± 0.14 1.03 ± 0.11 NS 

-1.32 ± 1.40 -0.70 ± 1.28 NS -0.58 ± 1.07 -0.43 ± 0.85 NS 

Menopausal women 0.879 ± 0.13 0.976 ± 0.14 0.005 0.833 ± 0.11 0.916 ± 0.15 0.01 

-2.40 ± 1.27 -1.51 ± 1.22 0.004 -1.53 ± 0.91 -0.81 ± 1.25 0.01 

Menopausal women 0.932 ± 0.13 1.10 ± 0.16 \0.001 0.873 ± 0.14 0.966 ± 0.12 0.01 

-2.01 ± 1.09 -0.47 ± 1.37 \0.001 -1.11 ± 1.20 -0.38 ± 1.03 0.02 

Non-menopausal women 0.912 ± 0.15 1.011 ± 0.17 NS 0.859 ± 0.14 1.00 ± 0.17 0.03 

-2.04 ± 1.52 -1.20 ± 1.46 NS -1.31 ± 1.11 -0.10 ± 1.45 0.02 

PBC patients 0.837 ± 0.11 1.04 ± 0.17 \0.001 0.830 ± 0.11 0.944 ± 0.13 \0.001 

-2.39 ± 0.93 -0.93 ± 1.51 \0.001 -1.47 ± 0.99 -0.56 ± 1.14 \0.001 

CVH patients 0.978 ± 0.17 1.03 ± 1.46 NS 0.928 ± 0.14 0.972 ± 0.14 NS 

-1.61 ± 1.54 -1.11 ± 1.27 NS -0.84 ± 1.13 -0.46 ± 1.16 NS 

Data expressed as mean ± standard deviation 

NS Not significant 
 

Table-3: Prevalence of osteoporosis in patients and controls 

 

 Patients Controls P 

All 29/64 (45.3%) 19/97 (19.6%) \0.001 

Females 24/48 (50%) 18/81 (22.2%) 0.001 

Males 5/16 (31.3%) 1/16 (6.3%) NS 

Menopausal women 17/29 (58.6%) 14/46 (30.4%) 0.01 

Non-menopausal women 7/19 (36.8%) 4/35 (11.4%) 0.02 

PBC patients 17/33 (51.5%) 14/66 (21.2%) 0.002 

CVH patients 12/31 (38.7%) 5/31 (16.1%) 0.04 

 

Table-4: Bone mineral density (g/cm2) and T score (SD) of patients with PBC and those with CVH 
 

 PBC patients CVH patients P 

BMD LS 0.887 ± 0.11 0.978 ± 0.171 0.01 

BMD TH 0.830 ± 0.112 0.928 ± 0.144 0.003 

T score LS -2.38 ± 0.93 -1.61 ± 1.54 0.01 

T score TH -1.47 ± 0.99 -0.84 ± 1.43 0.02 

 

Serum levels of indices of bone mineral 

metabolism did not show significant difference between 

osteoporotic and non-osteoporotic patients with CLD. 

PTH rates were correlated but not significantly (r = -

0.25, P = 0.06) with BMD at the TH. Serum 25 OH vit 

D was lower in patients with CLD even they were 

osteoporotic or not. Five out of 64 patients had a history 

of peripheral fractures. In addition, morphometric X-ray 

densitometry realized in 56 patients revealed vertebral 

fractures in 3 patients (5.3%), 2 fractures at the thoracic 

spine and 1 at the LS grades 1 and 2 according to the 

Genant classification of vertebral fractures [14].
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Table-5: Clinical, biological, histological and densitometric data in patients with and without osteoporosis 

 

 Osteoporosis No osteoporosis P 

 (29/64) (35/64)  

 (T score B -2.5) (T score [ -2.5)  

Age (years) 52.55 ± 12.34 50.91 ± 10.96 NS 

Females (%) 50  50  NS 

Menopause (%) 58.6  41.4  NS 

Age of menopause 49.65 ± 4.5 45.42 ± 3.9 0.01 

(years)      

BMI (kg/m
2
) 25.31 ± 4.77 26.80 ± 4.03 NS 

Duration of disease 4.36 ± 3.79 3.80 ± 3.93 NS 

(years)      

Histological stages 47.6  52.4  NS 

III–IV (%)      

Cirrhotic state (%) 42.1  57.9  NS 

T score (lumbar spine) -3.1 ± 0.55 -1.11 ± 1.04 \0.001 

T score (total hip) -1.80 ± 0.91 -0.64 ± 0.97 \0.001 

25 OH D3 (lg/l) 10.48 ± 6.65 9.92 ± 5.4 NS 

Parathyroid hormone 40.03 ± 16.28 35.34 ± 16.07 NS 

1-84 (pg/ml)      

Osteocalcin (ng/ml) 13.84 ± 7.46 14.39 ± 4.97 NS 

CTX (ng/ml) 0.259 ± 0.227 0.268 ± 0.117 NS 

(25 OH D3 25-hydroxy vitamin D3, CTX plasma type 1 collagen cross-linked C-telopeptide) 

 

DISCUSSION 
Osteoporosis is a well known and frequently 

reported complication of CLD with a high fracture rate 

unlike osteomalacia which is rare in the absence of 

severe malabsorption or advanced liver disease [1, 15]. 

The present study shows that osteoporosis is more 

prevalent in patients with CLD than in the general 

population. The association of such a complication with 

chronic hepatitis has been extensively reported in 

previous studies [1, 15-17]. Various reports [16, 18-20] 

concluded that cirrhosis and noncirrhotic biliary disease 

(PBC, PSC) have been linked with high prevalence of 

osteoporosis and increased risk of fracture [21-23]. In 

contrast, in some of the studies [3, 17], the only 

independent risk factors for osteoporosis were a lower 

BMI and increasing age. In PBC patients, a direct 

relationship with osteoporosis was found in two recent 

studies [17, 22], they have confirmed a 4-fold increased 

risk of osteoporosis and a 2-fold increased risk of 

fractures in this group of patients in comparison with 

age-matched controls. In spite of the younger age of our 

patients (51.6 ± 11.6 years), they developed high rates 

of osteoporosis than the control group with no 

difference between osteoporotic and non-osteoporotic 

patients. This result suggests that older age is not a 

determinant risk factor for osteoporosis in these 

patients. This finding is not in agreement with other 

reports where high age is the most relevant determinant 

of BMD and was observed in osteoporotic CLD 

patients in comparison with non-osteoporotic ones [3, 

15, 17]. This is probably due to other risk factors of 

osteoporosis and especially calcium and 25 OH vitamin 

D deficiency in Moroccan patients which was found in 

83% (less than 30 ng/ml) and 40% (less than 15 ng/ml) 

[24]. Moreover, hypogonadism which is the most 

common risk of osteoporosis in the general population, 

although associated with this bone disease in women 

with CLD seem not playing the most important role in 

the development of such a complication. Indeed, our 

female patients even if they were post or 

premenopausal showed higher prevalence of 

osteoporosis in either LS or TH in comparison with 

controls. However, male patients did not differ from the 

control group. In addition, no significant difference was 

identified between menopausal and non-menopausal 

patients according to osteoporotic status. Consequently, 

the contribution of menopausal status as a risk factor in 

patients with CLD is less essential than the other factors 

as confirmed in other studies [15, 17, 25]. Results from 

this study do not confirm the association of low bone 

mass with low BMI as reported in previous studies [17, 

26]. However, low BMD correlated strongly with low 

weight and small height but not with decreased BMI. 

This finding suggests that weight may be more practical 

to use in clinical situations when evaluating patients 

with regard to metabolic bone disease as pointed out by 

others [27, 28]. Cholestatic liver disease has been 

reported to be associated with higher prevalence of 

osteoporosis and increased fracture rates both greater 

than and similar to non-cholestatic disorders [1, 21, 29, 

30]. Most studies comparing cholestatic and non-

cholestatic CLD [3, 31, 32] have not been able to 

demonstrate the role of this parameter in the 

pathogenesis of this bone disease. In our cohort, PBC 
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patients presented lower BMD statistically significant 

than CVH patients at LS and TH (P = 0.01 and P = 

0.02), respectively and comparing with controls too. 

Nevertheless, no correlation was found between BMD 

and hyperbilirubinemia. Hence, cholestasis (PBC) can 

be considered as a risk factor for the development of 

osteoporosis in chronic biliary cirrhosis. Furthermore, 

advanced histological stage of the liver disease was 

identified as a robust independent risk factor for 

osteoporosis in various studies [17]. In our experience, 

this result has not been confirmed. Another interesting 

observation from this study is that biochemical markers 

of bone remodeling did not show any difference 

between CLD patients with and without osteoporosis. 

Nevertheless, subnormal rates of osteocalcin and 

decreasing mean rate of 25 OH vit D without any 

difference according to osteoporotic status were 

observed in our patients. Our results are in agreement 

with previous studies [1, 3, 17, 33]. However, the fact 

that 25 OH vit D and osteocalcin were not measured in 

the controls in the present study is still a significant 

drawback to analyze the contribution of vitamin D and 

osteocalcin status to CLD associated with osteoporosis. 

Several reports suggest that the first abnormality 

observed in patients with CLD was the reduction of 

bone formation whereas, others report normal or 

reduced bone formation coupled with increased 

resorption (high turnover) [34, 35]. Pathogenesis of 

osteoporosis in CLD is complex and is poorly 

understood. There is much controversy about the risk 

factors for this bone disease which includes the vitamin 

D receptor, collagen 1 alpha, low density lipoprotein 

receptor binding protein 5 and estrogen receptor. In 

PBC patients, polymorphisms in the vitamin D receptor 

and collagen 1 alpha gene appear not to be associated 

with a high risk of osteoporosis [2, 18, 36]. The exact 

role of RANK/RANK ligand, osteoprotegerin in the 

pathogenesis of abnormal bone turnover in patients with 

CLD remains unclear with controversial results on the 

levels of these proteins in serum [37, 38]. Low IGF I 

rates, hyperbilirubinemia, corticosteroids or 

immunosuppressive therapy were also incriminated as 

risk factors [39, 40]. Conclusions Our study confirmed 

the association between CLD and osteoporosis which is 

the main form of hepatic osteodystrophy with 

prevalence significantly higher to that observed in an 

age- and sex-matched controls from the general 

population. Increasing age, menopausal status, and 

cirrhosis were not determinant risk factors of 

osteoporosis in CLD. However, female sex, low weight 

and height but not BMI correlated strongly with low 

BMD. Cholestatic patients are at higher risk of 

osteoporosis than CVH patients and healthy controls. 

Thus, patients with CLD are candidates to develop 

osteoporosis requiring a close screening and potential 

prophylactic and therapeutic procedures. 

 

REFERENCES 
1. Leslie, W. D., Bernstein, C. N., & Leboff, M. S. 

(2003). AGA technical review on osteoporosis in 

hepatic disorders. Gastroenterology, 125(3), 941-

966. 

2. Rouillard, S., & Lane, N. E. (2001). Hepatic 

osteodystrophy. Hepatology, 33(1), 301-307. 

3. Ormarsdóttir, S., Ljunggren, Ö., Mallmin, H., 

Brahm, H., & Lööf, L. (1999). Low body mass 

index and use of corticosteroids, but not 

cholestasis, are risk factors for osteoporosis in 

patients with chronic liver disease. Journal of 

hepatology, 31(1), 84-90. 

4. Hodgson, S. F., DICKSON, E. R., Wahner, H. W., 

Johnson, K. A., Mann, K. G., & RIGGS, B. L. 

(1985). Bone loss and reduced osteoblast function 

in primary biliary cirrhosis. Annals of internal 

medicine, 103(6_Part_1), 855-860. 

5. Diamond, T. H., Stiel, D., Lunzer, M., McDowall, 

D., Eckstein, R. P., & Posen, S. (1989). Hepatic 

osteodystrophy: static and dynamic bone 

histomorphometry and serum bone Gla-protein in 

80 patients with chronic liver 

disease. Gastroenterology, 96(1), 213-221. 

6. El Maghraoui, A., Guerboub, A. A., Achemlal, L., 

Mounach, A., Nouijai, A., Ghazi, M., ... & Tazi, M. 

A. (2006). Bone mineral density of the spine and 

femur in healthy Moroccan women. Journal of 

Clinical Densitometry, 9(4), 454-460. 

7. Ludwig, J. (1987). New concepts in biliary 

cirrhosis. In Seminars in liver disease (Vol. 7, No. 

04, pp. 293-301). © 1987 by Thieme Medical 

Publishers, Inc. 

8. El Maghraoui, A., Zounon, A. D. S., Jroundi, I., 

Nouijai, A., Ghazi, M., Achemlal, L., ... & 

Abouqual, R. (2005). Reproducibility of bone 

mineral density measurements using dual X-ray 

absorptiometry in daily clinical 

practice. Osteoporosis international, 16(12), 1742-

1748. 

9. El Maghraoui, A., Achemlal, L., & Bezza, A. 

(2006). Monitoring of dual-energy X-ray 

absorptiometry measurement in clinical 

practice. Journal of Clinical Densitometry, 9(3), 

281-286. 

10. El Maghraoui, A., Guerboub, A. A., Mounach, A., 

Ghozlani, I., Nouijai, A., Ghazi, M., ... & Tazi, M. 

A. (2007). Body mass index and gynecological 

factors as determinants of bone mass in healthy 

Moroccan women. Maturitas, 56(4), 375-382. 

11. World Health Organization Study Group. (1994). 

Assessment of fracture risk and its application to 

screening for postmenopausal osteoporosis. World 

Health Organisation Technical Report Series, 

Geneva, 843.  

12. Duboeuf, F., Bauer, D. C., Chapurlat, R. D., 

Dinten, J. M. P., & Delmas, P. (2005). Assessment 

of vertebral fracture using densitometric 

morphometry. Journal of Clinical 

Densitometry, 8(3), 362-368. 

13. Vokes, T., Bachman, D., Baim, S., Binkley, N., 

Broy, S., Ferrar, L., ... & Schousboe, J. (2006). 

Vertebral fracture assessment: the 2005 ISCD 



 
 

I. Nakhcha, I et al; Saudi J Med Pharm Sci, March 2019; 5(3): 271-277 

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  276 
 

Official Positions. Journal of Clinical 

Densitometry, 9(1), 37-46. 

14. Genant, H. K., Wu, C. Y., Van Kuijk, C., & Nevitt, 

M. C. (1993). Vertebral fracture assessment using a 

semiquantitative technique. Journal of bone and 

mineral research, 8(9), 1137-1148. 

15. Collier, J. (2007). Bone disorders in chronic liver 

disease. Hepatology, 46(4), 1271-1278. 

16. Diamond, T. H., Stiel, D., Lunzer, M., Wilkinson, 

M., Roche, J., & Posen, S. (1990). Osteoporosis 

and skeletal fractures in chronic liver 

disease. Gut, 31(1), 82-87. 

17. Guañabens, N., Parés, A., Ros, I., Caballería, L., 

Pons, F., Vidal, S., ... & Rodés, J. (2005). Severity 

of cholestasis and advanced histological stage but 

not menopausal status are the major risk factors for 

osteoporosis in primary biliary cirrhosis. Journal of 

hepatology, 42(4), 573-577. 

18. Gallego‐Rojo, F. J., Gonzalez‐Calvin, J. L., 

Muñoz‐Torres, M., Mundi, J. L., Fernandez‐Perez, 

R., & Rodrigo‐Moreno, D. (1998). Bone mineral 

density, serum insulin‐like growth factor I, and 

bone turnover markers in viral 

cirrhosis. Hepatology, 28(3), 695-699. 

19. Guichelaar, M. M., Kendall, R., Malinchoc, M., & 

Hay, J. E. (2006). Bone mineral density before and 

after OLT: long‐term follow‐up and predictive 

factors. Liver transplantation, 12(9), 1390-1402. 

20. Hay, J. E. (1995). Bone disease in cholestatic liver 

disease. Gastroenterology, 108(1), 276-283. 

21.  Guichelaar, M. M., Schmoll, J., Malinchoc, M., & 

Hay, J. E. (2007). Fractures and avascular necrosis 

before and after orthotopic liver transplantation: 

long‐term follow‐up and predictive 

factors. Hepatology, 46(4), 1198-1207. 

22. Solaymani–Dodaran, M., Card, T. R., Aithal, G. P., 

& West, J. (2006). Fracture risk in people with 

primary biliary cirrhosis: a population-based cohort 

study. Gastroenterology, 131(6), 1752-1757. 

23. Chen, C. C., Wang, S. S., Jeng, F. S., & Lee, S. D. 

(1996). Metabolic bone disease of liver cirrhosis: is 

it parallel to the clinical severity of 

cirrhosis?. Journal of gastroenterology and 

hepatology, 11(5), 417-421. 

24. Allali, F. (2006). Hypovitaminosis D in a sunny 

country: relation to lifestyle, bone markers and 

bone mineral density. Ann Rheum Dis, 65(2), 412. 

25. Kaymakoĝlu, S., Ökten, A., Çakaloĝlu, Y., Boztaş, 

G., Beşişik, F., Taşçioĝlu, C., & Yalçin, S. (1995). 

Hypogonadism is not related to the etiology of liver 

cirrhosis. Journal of gastroenterology, 30(6), 745-

750. 

26. Menon, K. N., Angulo, P., Weston, S., Dickson, E. 

R., & Lindor, K. D. (2001). Bone disease in 

primary biliary cirrhosis: independent indicators 

and rate of progression. Journal of 

hepatology, 35(3), 316-323. 

27. Michaëlsson, K., Bergström, R., Mallmin, H., 

Holmberg, L., Wolk, A., & Ljunghall, S. (1996). 

Screening for osteopenia and osteoporosis: 

selection by body composition. Osteoporosis 

International, 6(2), 120-126. 

28. Gabuzda, G. J., & Shear, L. (1970). Metabolism of 

dietary protein in hepatic cirrhosis: nutritional and 

clinical considerations. The American journal of 

clinical nutrition, 23(4), 479-487. 

29. Bagur, A., Mautalen, C., Findor, J., Sorda, J., & 

Somoza, J. (1998). Risk factors for the 

development of vertebral and total skeleton 

osteoporosis in patients with primary biliary 

cirrhosis. Calcified tissue international, 63(5), 385-

390. 

30. Guañabens, N., Parés, A., Mariñoso, L., Brancós, 

M. A., Piera, C., Serrano, S., ... & Rodés, J. (1990). 

Factors influencing the development of metabolic 

bone disease in primary biliary cirrhosis. American 

Journal of Gastroenterology, 85(10), 1356-1362.  

31. Diamond, T. H., Stiel, D., Lunzer, M., Wilkinson, 

M., Roche, J., & Posen, S. (1990). Osteoporosis 

and skeletal fractures in chronic liver 

disease. Gut, 31(1), 82-87. 

32. Bonkovsky, H. L., Hawkins, M., Steinberg, K., 

Hersh, T., Galambos, J. T., Henderson, J. M., ... & 

Galloway, J. R. (1990). Prevalence and prediction 

of osteopenia in chronic liver 

disease. Hepatology, 12(2), 273-280. 

33. McCaughan, G. W., & Feller, R. B. (1994). 

Osteoporosis in chronic liver disease: pathogenesis, 

risk factors, and management. Digestive 

Diseases, 12(4), 223-231. 

34. Guañabens, N., Parés, A., Alvarez, L., De Osaba, 

M. J. M., Monegal, A., Peris, P., ... & Rodés, J. 

(1998). Collagen‐related markers of bone turnover 

reflect the severity of liver fibrosis in patients with 

primary biliary cirrhosis. Journal of Bone and 

Mineral Research, 13(4), 731-738. 

35. Pares, A., Guañabens, N., & Rodés, J. (2005). 

Gene polymorphisms as predictors of decreased 

bone mineral density and osteoporosis in primary 

biliary cirrhosis. European journal of 

gastroenterology & hepatology, 17(3), 311-315. 

36. Parés, A., Guañabens, N., Alvarez, L., De Osaba, 

M. J. M., Oriola, J., Pons, F., ... & Peris, P. (2001). 

Collagen type Iα1 and vitamin D receptor gene 

polymorphisms and bone mass in primary biliary 

cirrhosis. Hepatology, 33(3), 554-560. 

37. Moschen, A. R., Kaser, A., Stadlmann, S., 

Millonig, G., Kaser, S., Mühllechner, P., ... & Tilg, 

H. (2005). The RANKL/OPG system and bone 

mineral density in patients with chronic liver 

disease. Journal of hepatology, 43(6), 973-983. 

38. Szalay, F., Hegedus, D., Lakatos, P. L., Tornai, I., 

Bajnok, E., Dunkel, K., & Lakatos, P. (2003). High 

serum osteoprotegerin and low RANKL in primary 

biliary cirrhosis. Journal of hepatology, 38(4), 395-

400. 

39. Janes, C. H., Dickson, E. R., Okazaki, R., Bonde, 

S., McDonagh, A. F., & Riggs, B. L. (1995). Role 

of hyperbilirubinemia in the impairment of 

osteoblast proliferation associated with cholestatic 



 
 

I. Nakhcha, I et al; Saudi J Med Pharm Sci, March 2019; 5(3): 271-277 

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  277 
 

jaundice. The Journal of clinical 

investigation, 95(6), 2581-2586. 

40. Møller, S., & Becker, U. (1992). Insulin-like 

growth factor 1 and growth hormone in chronic 

liver disease. Digestive diseases, 10(4), 239-248. 

 


