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ABSTRACT  
 

Introduction and aim of the study: Osteoporosis is an established complication of cholestatic liver 
cirrhosis. Nevertheless, little is known about the mechanisms of bone mass loss and mineral metabolism in 
patients with viral cirrhosis. The present study was performed to evaluate bone mineral density and mineral 
metabolism in patients with liver cirrhosis secondary to hepatitis C virus (HCV). Patients and methods: Eighty 
male patients with chronic liver disease secondary to hepatitis C virus were studied at Internal Medicine 
department Al-Azhar University, National Research Center and tropical medicine department Tanta University. 
Bone mineral density (BMD) was measured by dual x-ray absorptiometry in the lumbar spine. Intact parathyroid 
hormone (iPTH), 25-hydroxyvitamin D (25(OH) D), Insulin like growth factor-1 (IGF-1), liver function testes 
and serum calcium were measured to all participants. The patients were divided into two groups according to 
liver biopsy and clinical examination. Group I (40 patients without cirrhosis; Group II (40 patients with liver 
cirrhosis) in addition to 20 healthy volunteers. Patients with cirrhosis were further classified using the Child–
Pugh score into three subgroups: Child A (15 patients), Child B (13 patients) and Child C (12 patients). Results: 
Serum levels of albumin, bilirubin, ALT, AST and Prothrombin activity were significantly impaired in patients 
than control and in group II than group I. Serum levels of 25(OH) D and IGF-1 were significantly lower in Child 
A, B and C than control, in Child B and C than Child A and in Child C than Child B. Serum levels of iPTH were 
significantly higher in Child A, B and C than control and in Child C than Child A and B. Bone mineral density 
negatively correlated with serum iPTH (r=-750) and Child-Pugh score (r=-782), positively correlated with serum 
25(OH) D (r=550) and IGF-I (r=685), but not correlated with serum calcium. Conclusion: Liver cirrhosis 
predisposes to bone loss. The severity of metabolic osteopathy worsens as liver function does. The underlying 
mechanism is represented by an increased bone resorption.  
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INTRODUCTION 

 
Long-standing liver disease has long been recognized to result in fragile bones with increased risk of 

fractures. In various international studies, the overall incidence has varied from 11% to 48%, with a fracture rate 
of 3%-44%. The reason for this is poorly understood. With liver transplantation becoming a viable option in liver 
disease and offering complete cure and long-term survival, bone disease is becoming the major determinant of 
survival and quality of life in these patients (Joe George, 2009). 

Osteoporosis is a complication of liver cirrhosis (Diamond, 1989). However, the mechanisms by which 
chronic liver disease causes osteoporosis are not completely understood. Some studies have shown reduced 
osteoblastic function in alcoholic subjects with and without liver cirrhosis (Gonzalez-Calvin, 1999). However, in 
patients with viral cirrhosis who do not drink, increased bone resorption and high turnover osteoporosis have 
been described (Gallego-Rojo, 1998).  

The liver is an important organ for the hydroxylation of vitamin D into its active metabolites (Jorge, 2004). 
Vitamin D and PTH regulate bone mineral serum levels and bone remodeling. There are two main cellular elements 
in bone, the osteoclasts and the osteoblasts, regulated to continuously remodel the skeleton. Osteoclasts are 
multinucleated cells that are derived from circulating monocytes and degrade bone matrix. Osteoblasts are cells 
of mesenchymal origin that are cardinal to the production of bone matrix proteins and mineralization of the 



1357 
J. Appl. Sci. Res., 7(9): 1356-1360, 2011 

 

 

osteoid seam to replace bone after osteoclastic resorption. Consequently, chronic liver diseases may interfere 
with vitamin D synthesis and result in disturbances in calcium and bone metabolism (Schiefke, 2005). 

Insulin like growth factor (IGF-I) is produced mainly in the liver in response to growth hormone. IGF 
family considered as an important anabolic hormone, which play a role in anabolic metabolism, stimulating 
DNA synthesis, cell proliferation and meiotic division throughout life. The binding of IGF-I to osteoblasts 
results in increased bone formation (Caregaro, 1997). More than 90% of circulating IGF-1 is synthesized in the 
liver. It is a proven early marker of hepatocellular functional capacity (Caufriez, 1991) and shows a marked 
decline in the early stages of cirrhosis (Child-Pugh class A). It starts decreasing before other liver-function 
parameters such as albumin, bilirubin and prothrombin (Caregaro, 1997). 

The present study was performed to evaluate bone mass (osteoporosis) and mineral metabolism in patients 
with liver cirrhosis secondary to viral hepatitis. 

 
Patients and Methods: 

 
The study was recruited on 80 male patients (to avoid postmenopausal osteoporosis) with (age range 37–68 

years, mean 52.5 years) with chronic liver disease secondary to hepatitis C virus were studied at Internal 
Medicine department Al-Azhar University, National Research Center and tropical medicine department Tanta 
University. All patients had antibodies for HCV (anti-HCV) and positive PCR for hepatitis C virus. Diagnosis of 
chronic liver disease was based on clinical and laboratory data and clinical findings: physical stigmata of chronic 
liver disease includes, reduced prothrombin activity, hypoalbuminemia, signs of chronic liver disease on 
sonography and esophageal varices on endoscopy. Patients with malignancy; endocrine, cardiac or lung disease; 
physical signs of hypogonadism (gynecomastia and testicular atrophy by physical examination); and serum 
creatinin concentrations greater than 2.5 mg/dl were excluded from the study. None had received calcium, 
vitamin D, corticosteroids, or any medication related to mineral metabolism. None had a family history of 

osteoporosis. 
Patients were divided into two groups according to liver biopsy and clinical examination; group I included 

40 patients with chronic virus C hepatitis without liver cirrhosis; Group II included 40 patients with liver 
cirrhosis in addition to 20 healthy men with age matched (age range 35-60 years, mean 50.5 years) as control 
group. Patients with cirrhosis were further classified using the Child–Pugh score into three subgroups: Child A 
(15 patients), Child B (13 patients) and Child C (12 patients).  

Bone mineral density (BMD) was measured by dual x-ray absorptiometry in the lumbar spine. The results 
were expressed as a T score (the number of standard deviation-STD-from the normal values of adults) according 
to the WHO classification: bone status = T score; Normal bone density = T score -1 STD; Osteopenia = T score 
between -1 and –2.5 STD; Osteoporosis = T score < -2.5 STD; Severe osteoporosis = T score -2.5 STD and at 
least one osteoporotic fracture (WHO Study Group, 1994). 

All patients were on a free calcium diet after overnight fasting. Blood was drawn without stasis in the 
morning for routine blood analysis, and serum samples were kept frozen at −70°C for the assay of intact 
parathyroid hormone (iPTH, immunoradiometric assay from Diagnostic Systems Laboratories Inc., Webster, 
TX, USA), 25-hydroxyvitamin D (25(OH) D; radioimmunoassay from Nichols Institute Diagnostics, San Juan 
Capistrano, CA, USA). Insulin like growth factor-1 (IGF-1) was done by chemiluminescent immunometric assay 
with Immulite 1000 systems (Diagnostic Products Corporation). Routine tests included total serum and ionized 
calcium, phosphate, ALT, AST, albumin, bilirubin, and Prothrombin time (PT) and activity were measured  
 
Statistical Analysis: 
  
 Statistical analysis was done using SPSS version 14 software (Chicago, IL, USA). All results were 
expressed as means ± SD and median. The statistical significance between means was calculated by Student’s t 
test, analysis of variance (ANOVA), or Mann-Whitney U test when appropriate. Differences between 
proportions were assessed by the χ2 test. P≤0.05 and r ≥0.05 were considered significant. 

 
Results: 

 
Serum levels of albumin, bilirubin, ALT, AST and Prothrombin activity were significantly impaired in 

group I than control (p<0.05), significantly impaired in group II than control (p<0.01) and significantly impaired 
in group II than group I (p<0.05). Serum levels of iPTH were significantly higher in group II than group I and 
control (p<0.01). Serum levels of 25(OH) D and IGF-1 were significantly lower in group I and II than control 
(p<0.01) and significantly lower in group II than group I (p<0.05). On the other hand, there were no significant 
changed in the levels of serum calcium among all studied groups (table 1).   

Serum levels of 25(OH) D and IGF-1 were significantly lower in Child A, B and C than control (p<0.05), 
significantly lower in Child B and C than Child A (p<0.01) and significantly lower in Child C than Child B 
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(p<0.05). Serum levels of iPTH were significantly higher in Child A, B and C than control (p<0.05) and 
significantly higher in Child C than Child A and B (p<0.01), (table 2). 

Bone mineral density were negatively correlated with serum iPTH (r=-750, p<0.01) and Child-Pugh score 
(r-=782, p<0.01), positively correlated with serum 25(OH) D (r=-550, p<0.05) and IGF-I (r=-685, p<0.01) but 
not correlated with serum calcium (table 3). 
 
Table 1: Analytical data of all studied patients and control subjects. 

Biochemistry (Controls) (Group I) 
HCV 

(Group II) 
Cirrhosis 

Group I Vs. 
Group II 

Serum albumin (g/dl) 4.4± 0.2 3.6± 0.2* 3.2± 0.2** <0.05 
Serum bilirubin (mg/dl) 0.83± 0.1 1.2± 0.3 * 2.2± 0.4** <0.05 
Serum AST(U/liter) 29 ± 4 85±6.2 * 63±4.8** <0.05 
Serum ALT(U/liter) 24±3.2 72±5.2 * 80±5.8 ** <0.05 
Prothrombin activity (%) 95.4±1.2 84.2±4.2 * 68±4.5** <0.05 
Calcium (mg/dl) 9.5 ± 0.3 9.48 ± 0.5 9.3 ± 0.4 NS 
25(OH) D (ng/ml) 84.4± 10.7 64.4±12.2** 52.8_± 8** <0.05 
iPTH (pg/ml) 60.2±11 60.2±8.2 74.6±8.2** <0.01 
IGF-I (ng/ml) 28.4±4.2 23±1.8** 11.9±1.4 ** <0.05 

*= p<0.05 (significant), **p<0.01 (highly significant), NS= Non-significant 
 

Table 2: Analytical data between control and Child-Pugh score. 
Biochemistry (Controls) Child A Child B Child C  Child A 

 Vs. B 
Child A 
Vs. C 

Child B 
 Vs. C 

25(OH) D (ng/ml)  84.4± 10 44.7±21.2*  33.8±21.3*  28± 11* <0.01 <0.01 <0.05 
iPTH (pg/ml) 60.2±11 71.3± 6.1* 73.1± 1.6 * 87.2± 3* NS    <0.05 <0.05 
IGF-I (ng/ml)  28.4±4.2 14.2± 2.5* 11.6±1.2* 8.2 ± 1* <0.01 <0.01 <0.05 

*= p<0.05 (significant), **p<0.01 (highly significant),NS= Non-significant 
 

Table 3: Correlation between losses of BMD (osteoporosis)and other studied parameters. 
 p-value Correlation coefficient 

(r-value) 

Serum calcium NS NS 

25(OH) D (ng/ml)  <0.05 0.550 

iPTH (pg/ml) <0.01 -0.750 

IGF-I (ng/ml)  <0.01 0.685 

Child A, B and C <0.01 -0.782 

 
Discussion: 

 
Osteoporosis as a complication of chronic liver disease often referred to as hepatic osteodystrophy is well 

established in the clinic (Inaam, 2009). Potential factors that either directly or indirectly alter bone mineral 
density include insulin growth factor-1 deficiency, hyperbilirubinaemia, hypogonadism, co-existing alcoholism, 
iron deposition, low vitamin D levels, vitamin D receptor genotype, and immunosuppressive therapy before or 
after liver transplantation (Corazza, 2000). The present study was performed to evaluate BMD and mineral 
metabolism in patients with liver cirrhosis secondary to viral hepatitis C. 

Our study clarified that liver cirrhosis leading to loss of bone mass and hepatic osteodystrophy correlated 
with severity of liver disease, vitamin D, IGF-1 and iPTH. Schiefke et al, (2005) describe an association between 
non-cirrhotic viral hepatitis and   osteopenia/osteoporosis. Non-cirrhotic chronic hepatitis B or C patients showed 
alterations in calciotropic hormones and bone metabolism leading to a decreased BMD. Cirrhosis is a major 
cause of osteoporosis and the degree of osteopenia is related to the severity and not the etiology of the liver 
disease. The biochemical markers of bone remodeling suggest a high-turnover osteoporosis in cirrhosis 
(Giouleme, 2006). 

The present study recorded a significant decrease in serum IGF-1 level in patients with viral hepatitis C 
infection especially in cirrhotic patients and positively correlated with BMD. In agreement with our results 
Caregaro et al. (1997) shows a marked decline of IGF-1 in the early stages of cirrhosis (Child-Pugh class A). It 
starts decreasing before other liver-function parameters such as albumin; bilirubin and prothrombin become 
involved. 

Gallego-Rojo et al. (1998) recorded that serum IGF-1 level has been decreased in patients with viral 
cirrhosis and in patients with hepatitis B infection without cirrhosis. Like our study previous studies have shown 
that  IGF-1 levels correlated  directly with BMD and inversely with disease severity (Corazza, 2000). 

Reduced serum levels of IGF-I are associated with idiopathic osteoporosis in men (Gillberg, 2002). The 
role of IGF-I in osteopenia associated with chronic liver disease has been extensively investigated; however, 
although one study identified a correlation between decreased levels of circulating IGF-I and reduced bone mass 
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in patients with viral hepatitis (Gallego-Rojo, 1998). Other studies in patients with primary biliary cirrhosis and a 
variety of other liver diseases found no correlation between IGF-I levels and bone mass (Caregaro, 1997).  IGF-1 
expression is increased during early osteoblasts recruitment, but declines as these cells undergo differentiation. It 
is known to stimulate osteoblasts proliferation and play a key role in bone remodeling and maintenance of bone 
mass (Joe George, 2009). 

Simonet et al. (1997) have shown that low levels of IGF-1 may lead to increased bone resorption. Thus, the 
link between cirrhosis and bone loss also involves low levels of IGF-1. A significant difference in IGF-1 level 
between normal and low BMD patients may be a pointer to why some patients deteriorate faster, despite sharing 
equally all the risk factors and administration of IGF-I in rats with cirrhosis improved their BMD. 

Concerning the changes in serum iPTH level, the present study recorded a significant increase in patients 
with cirrhosis but no significant increase in patients with viral hepatitis C. Moreover, serum iPTH was 
significantly increased in class B and C patients than patients of class A and inversely correlated with BMD.  

In agreement with our results Schiefke et al. (2005) reported that intact parathyroid hormone (iPTH) (P = 
0.001) were significantly elevated in the more advanced stages of cirrhosis. Mean T-score value was lower in 
patients with chronic hepatitis C as compared to patients suffering from chronic hepatitis B; however, the 
difference was not statistically significant (P = 0.09). 

 Hepatic osteodystrophy (HOD) begins at the stage of chronic non-cirrhotic liver injury and bone loss is 
connected with liver damage, suggesting that the principal pathogenesis of HOD is attributed to intestinal Ca-
malabsorption as a result of low serum albumin and villous atrophy (Nakano, 1996). Lower ionized calcium 
resulting from deficient intestinal absorption due to low vitamin D, leads to increase in PTH level (Mehany, 
2000). 

Changes in PTH concentrations seem to have only minor influences on the development of osteoporosis in 
patients with liver cirrhosis of different causes. Jorge et al. (2004) found that patients with advanced liver disease 
had lower serum PTH levels than control subjects, and also found no differences between patients with 
osteoporosis and patients without osteoporosis. No correlation was found between serum PTH and BMD. Hence, 
its role in bone mass loss in these patients remains unclear.  

The present study recorded a significant decrease in serum 25(OH) D levels in patients with viral hepatitis 
infection especially in cirrhotic patients and negatively correlated with BMD. 

Gallego-Rojo et al (1998) found that Serum 25(OH) D concentrations were decreased in Child B and Child 
C patients, consistent with previous findings for patients with chronic liver disease of different causes. Jorge et 
al. (2004) found a poor positive correlation between serum 25(OH) D and BMD, and regression analysis showed 
that serum 25(OH) D was not a predictor of osteoporosis in these patients and suggests that low serum 25(OH) D 
concentrations can have some influence on bone mass loss in patients with viral cirrhosis. 

In addition, osteodystrophy associated with hepatic cirrhosis is due to a defect in alpha-hydroxylation (1, 
25(OH) 2D) by the kidney due to the decrease in its primary substrate by the liver 25(OH) D. This could be 
attributed to the reduced availability of vitamin D, inadequate conversion of vitamin D to 25(OH) D, accelerated 
metabolism of 25(OH) D, and urinary loss of 25(OH) D with its transport protein (Karam, 2007). 

Our study reported that there were no significant changes in the serum calcium between control and all 
studied patients. However, Uretmena et al (2005) found that the mean total calcium (p=0.001) levels were 
significantly lower in the study group than control; serum 25-hydroxy Vitamin D (p=0.001) while parathormone 
levels were highly significant higher in the study group than the control. Levels were significantly lower in the 
study group than control. The mechanism of bone loss in chronic liver diseases is not completely understood. 
Two theories exist, one based on a low bone turnover (reduced bone formation with normal resorption of bone), 
the other on a high bone turnover (increased rate of bone resorption with normal production of bone) (Carey, 
2003). The role of vitamin D in osteoporosis associated with liver cirrhosis is also controversial. Initially, it was 
believed that the bone loss was caused by vitamin D malabsorption due to cholestasis and deficient hepatic 
hydroxylation. It was shown however, that the severity of osteoporosis in liver cirrhotic patients did not correlate 
with the serum levels of vitamin D, and that, furthermore, vitamin D supplements did not affect the development 
of osteopenia in liver cirrhosis. In recent years, genetic polymorphisms of the vitamin D receptor have been 
reported, but the published evidence remains inconclusive. Thus, the bb alleles are associated partly with 
maintaining bone mass after liver transplantion and partly with the reduction in bone mass in North American 
patients with primary biliary cirrhosis (Pares, 2001). 

Factors that suppress bone formation, increase osteoclastogenesis and activate the immune system all 
contribute in various combinations to the loss of bone commonly observed in these patients. Suppression of bone 
formation may result from altered production of fibronectin, altered levels of IGF-I or by the actions of other 
factors. The production of cytokines including TNF, CSF1 and IL-17 can increase osteoclastogenesis and bone 
loss. However, Jorge et al., (2009) shows that bone mass and bone resorption rates do not differ between 
postmenopausal women with viral cirrhosis and healthy postmenopausal controls and suggests that viral cirrhosis 
does not appear to increase the risk of osteoporosis in these women. 
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Conclusion: 
 

 Liver cirrhosis predisposes to bone loss. The severity of metabolic osteopathy worsens as liver function 
does. The underlying mechanism is represented by an increased bone resorption.  
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