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Abstract

The pathophysiology of osteoporosis complicating chronic liver disease is unknown. Some studies have found leptin to be a potent inhibitor of bone formation.

To investigate the relationship between leptin, osteocalcin and bone mineral density (BMD) in liver cirrhosis, sixty patients with liver cirrhosis were included in this study. They were classified into 3 groups; group I (20 premenopausal females), group II (20 postmenopausal females) and group III (20 males). Also, 21 age and sex matched healthy subjects (7 for each group) were included as control groups. The patients were classified also according to Child-Pugh classification into grade B (n=38) and grade C (n=22). Both patients and controls were subjected to: complete history, clinical examination, and calculation of body mass index. Serum osteocalcin, leptin and intact parathyroid hormone were measured; in addition to liver functions test, HBsAg, Anti-HCV, serum phosphorus, and calcium. BMD was measured by Calcaneal ultrasound.


(BMD) was below normal in 86.6% of patients as a whole. The mean value of serum leptin was significantly elevated in all patient groups (I, II, III) when compared to their control group (P<0.01, P<0.001, and P<0.01 respectively). Also, it was significantly high in both female groups (I and II) versus males (group III), (P< 0.01 each). Also, mean values of BMD and serum osteocalcin were significantly decreased in each group compared to its control (P<0.001; P<0.01 in group I, P<0.05; P<0.001 in group II, and P<0.001; P<0.001 in group III respectively). In Child-Pugh grade C group, BMD and serum osteocalcin were significantly low (P<0.001, P<0.05 respectively), while serum leptin was significantly elevated (P<0.05), when compared to grade B group.


Serum leptin was found to be negatively correlated with serum osteocalcin (r=-0.553; P<0.001), BMD (r=-0.229; P<0.05), albumin (r=-0.449; P<0.001), and A/G ratio (r=-0.661; P<0.001), while positive correlations were found between serum leptin with both AST(r=0.462; P<0.001), and ALT (r=0.483; P<0.001).


Negative correlation between osteocalcin and intact parathyroid hormone (r=-0.370, P<0.001) was detected, while positive correlations were found between serum osteocalcin and BMD (r=0.418; P<0.001), albumin (r=0.659; P<0.001), and A/G ratio (r=0.444; P<0.001).

In conclusion: Serum leptin was elevated in cirrhotic patients in both gender but it is higher in females than males. There were inverse relationship between serum leptin and BMD and osteocalcin. Leptin may have a role in the pathogenesis of osteoporosis in liver cirrhosis.

Introduction:

Chronic liver disease (CLD) is frequently complicated by a reduction in bone mineral density and osteoporosis. Osteoporosis is characterized by low bone mass and microarchitectural deterioration of bone tissue with a consequence of increased fracture risk (Ormarsdottir et al., 2001). Osteoporosis is found in about one-third of patients with various types of CLD and is associated with deterioration of the liver disease; pretransplant patients have the highest reported prevalence of osteoporosis (Monegal et al., 1997). The pathophysiology behind the osteoporosis in CLD is not fully understood. There are secondary factors such as malabsorption and nutritional deficiencies that may cause bone change in CLD (Karan et al., 2001).

Low body mass index (BMI) and low body weight are well known risk factors for postmenopausal and senile osteoporosis (Felson et al., 1993). In CLD, osteoporosis is characterized by a low bone turnover with reduced osteoblast function, which differs from the high bone turnover seen in postmenopausal osteoporosis (Ormarsdottir et al., 2001).

Leptin is a product of the ob-gene, synthesized and released almost exclusively by adiposcytes (Zhang et al., 1994). It is involved in the regulation of food intake and body composition (Bolukbas et al., 2004). Body fat mass is the major determinant of circulating leptin in humans and its level correlates strongly to BMI. Leptin exerts dual effects on bone metabolism depending on bone tissue, skeletal maturity and /or signaling pathway. Leptin might stimulate bone growth and bone size through direct angiogenic and chondro-osteogenic effects. It may decrease bone remodeling in the mature skeleton, when trabecular bone turnover is high. Leptin also exerts negative effects on bone formation through a hypothalamic pathway mediated downstream by the sympathetic nervous system. The two pathways could counterbalance each other, with the peripheral and positive effects being predominant when central resistance occurs with obesity onset (Thomas, 2004).

Osteocalcin (bone gla protein), a vitamin K dependant non collagenous bone protein, is synthesized by osteoblast and plays a role in the mineralization process (Ivaska et al., 2005). Vitamin K2 is a cofactor of gamma-carboxylase, which converts the glutamic acid residue in osteocalcin molecules to gamma-carboxyglutamic acid (gla), and is, therefore, essential for gamma carboxylation of osteocalcin (Iwamoto et al., 2004). Serum levels of osteocalcin has been used in clinical investigations as a marker of bone metabolism (Ivaska et al., 2005).

The aim of this study is  to study the relationship between leptin, osteocalcin and BMD in  patients with liver cirrhosis.
Subjects and methods:


Sixty patients with liver cirrhosis, 20 premenopausal females (group I), 20 postmenopausal females (group II), and 20 males (group III), were enrolled in this study. Also, twenty one healthy age and sex matched subjects (7 for each group), were included as control groups. Liver cirrhosis was diagnosed on clinical and sonographic data. Also, patients were classified according to Child-Pugh classification (Pugh et al., 1973), into grade B (38 patients) and grade C (22 patients). 

	
	1 point
	2 points
	3 points

	Encephalopathy
	None
	Mild-moderate
	Sever-coma

	Ascites
	Absent
	Slight
	Moderate

	Bilirubin (mg/dl)
	< 2
	2 - 3
	> 3

	Albumin(g/L)
	> 35
	28 – 35
	< 28

	Prothrombin time

( seconds above normal)
	1 – 4 seconds
	4 – 6 seconds
	> 6 seconds


Child A: 5-6 points.         Child B : 7-9 points,       Child C : 10-15 points

We excluded patients with BMI > 25 Kg/m2, diabetes mellitus or renal failure.


All patients and controls were subjected to complete history and clinical examination, calculation of BMI, and abdominal ultrasonography. Venous blood specimen was withdrawn for:

1- Routine investigations: serum calcium, phosphorus, liver and kidney function tests. All were done on Hitachi 911. Kits from Roche diagnostic.

2- Hepatitis B surface antigen (HBsAg ) and Anti-HCV were done using Abbott

AxSYM system, method based on Microparticle Enzyme Immunoassay (MEIA).

3- Intact parathyroid hormone (iPTH) was performed on Immulite automated analyser, it is based on immunometric assay, kit from diagnostic products corporation  (DPC).

4- Serum leptin and osteocalcin : both were done using solid phase enzyme amplified 

     sensitivity immunoassay (EASIA) which performed on microtiter plate. Kits

     supplied from Biosource Europe SA.

5- Bone mineral density was measured by calcaneal ultrasound. T score provided by 

     manufacture was used, defined as the number of standard deviations from the 

     mean BMD of a sex-specific-age-matched subjects.

    T-score :  Normal > -1, osteopenia, -1 to –2.5, osteoporosis ≤ -2.5

Statistical analysis:


All data expressed as mean ± SE. Comparison between two groups was done by Student’s t test. Relationships between variables were estimated by Pearson correlation coefficient. P value <0.05 was considered significant.
Results

Clinical and laboratory data, sonographic findings, HBsAg and Anti-HCV in the studied patient groups were illustrated in table I. The mean value of BMI was not significantly different between patient groups and its controls. 

Overall (BMD) was below normal in 86.6% of all patients. It was below normal in 75% of patients in grup I, 85% of group II and 90% of group III. The serum leptin was significantly increased in each group compared to its control groups (P<0.01 in group I, and < 0.001 in group II and III), table II, and in group I and II when compared to group III (P<0.01 for both), table III.

The mean value of BMD was significantly lower in each group when compared to its controls group (P<0.001 for group I, <0.05 for group II, and <0.001 for group III), table II. Also, it was significantly low in group II when compared to group I and III (P<0.001 and <0.05 respectively), table III.

Serum osteocalcin levels were significantly decreased in each group when compared to its controls group (P<0.001 for all), table II. Serum PTH level was elevated above normal range in 55 % of patients but there was no significant differences between patient groups and their controls. Also, it was significantly higher in group II and III versus group I (P<0.05 for both), table III.

In Child-Pugh grade C group, BMD and serum osteocalcin were significantly low (P<0.001, P<0.05 respectively), while serum leptin was significantly elevated (P<0.05), when compared to grade B group, table IV.
Correlation studies: the following significant correlations  were detected in whole patient group:

· Significant negative correlations between serum leptin  and  each of osteocalcin , 

     BMD, albumin (fig.1-3), and A/G ratio (r=0.444; P<0.001).

· Significant positive correlations between serum leptin with both AST(r=0.462; 

     P<0.001), and ALT (r=0.483; P<0.001).
-   Significant negative correlation   between serum osteocalcin and serum PTH

     (fig.4).

-   Significant positive correlations between serum osteocalcin and each of  BMD (fig. 

     5), albumin  (r=0.659; P<0.001), A/G ratio (r=0.444; P<0.001), and  serum 

     calcium   (r=0.444; P<0.001).
Table (I): Clinical  and laboratory data, sonographic findings, HBsAg, and 

anti-HCV in all patient groups, mean ±SE or %
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r =0.418

 

P<0.001

 

                                      Groups
Items
	Group I

(no=20)
	Group II

(no=20)
	Group III

(no=20)

	Age (Ys)
	34.8 ± 1.9
	56.2 ± 0.9
	52.8 ± 2.3

	Total bilirubin (μmol/L)
	62.6 ± 13.8
	30.5 ± 3.1
	58.9 ± 16.7

	Serum albumin (g/L)
	23.1± 1.4
	23 ± 1.5
	21.4 ± 1.3

	AST (U/L)
	169.2 ± 39.7
	101 ± 8.5
	95.9 ± 9.8

	ALT (U/L)
	85.9 ± 18.7
	69.6 ± 10.3
	57.9 ± 10.8

	Serum calcium (mg/dl)
	7.9 ± 0.2
	8.2 ± 0.2
	8.5 ± 0.2

	Serum phosphorus (mg/dl)
	3.6 ± 0.3
	4.1 ± 0.1
	3.6 ± 0.2

	Hematemesis
	5(25%)
	4(20%)
	11(55%)

	Splenomegaly
	16(80%)
	20 (100%)
	20(100%)

	Ascites
	16(80%)
	20(100%)
	19(95%)

	Diameter of Portal vein  (mm)
	13.8 ± 1
	15.4 ± 0.3
	15.7 ± 0.5

	Liver 

Size:            Normal

                   Enlarged

                   Shrunken

Coarse  echopattern:
	0%

4 (20%)

16(80%)

20(100%)
	0%

1(5%)

19(95%)

20(100%)
	1(5%)

1(5%)

18(90%)

20(100%)

	HBsAg
	4 (20%)
	7 (35%)
	4 (20%)

	Anti-HCV
	15(75%)
	13 (65%)
	8 (40%)

	Both HBsAg, Anti-HCV
	1 (5%)
	0 %
	8 (40%)

	Child-Pugh classification

                B

                C
	10(50%)

10(50%)
	14 (70%)

6 (30%)
	14 (70%)

6 (30%)


Table (II): BMI, BMD, serum PTH, osteocalcin and leptin in patient groups and its control (mean ± SE).
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                 Groups

Items
	Group I

(no=20)
	Control

(no=7)
	P-value
	Group II

(no=20)
	Control

(no=7)
	P-value
	Group III

(no=20)
	Control

(no=7)
	P-value

	BMI Kg/m2


	22.6 ± 0.5
	22.9 ± 1
	N.S
	24.5± 0.3
	24.5 ± 0.4
	N.S
	23.6 ± 0.7
	23.9 ± 0.5
	N.S

	BMD


	-1.5 ± 0.2
	-0.3 ± 0.2
	<0.001
	-2.7 ± 0.3
	-1.3 ± 0.2
	<0.05
	-1.8 ± 0.3
	0.5 ± 0.3
	<0.001

	Serum PTH

    (pg/ml)
	45.9 ± 8.4
	23.1 ± 2.5
	N.S
	90.1± 19.8
	25.7 ± 3.4
	N.S
	83.8 ± 15.7
	29.5 ± 4.6
	N.S

	Serum osteocalcin

    (ng/ml)
	2.4 ± 0.4
	8.7± 0.9
	<0.001
	2.3 ± 0.3
	10.5 ± 0.6
	<0.001
	3.1± 0.5
	11.2 ± 0.3
	<0.001

	Serum leptin

   (ng/ml)
	13.7 ± 1.5
	4.5 ± 0.3
	<0.001
	13.1 ± 1.2
	4.3 ± 0.2
	<0.001
	9.9 ± 0.4
	2 ± 0.2
	<0.001


Table (III): BMI, BMD, serum PTH, osteocalcin and leptin in patient groups (mean ±SE)
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                         Groups

Items
	Group I

(no=20)
	Group II

(no=20)
	Group III

(no=20)
	P-value

	
	
	
	
	I vII
	I vIII
	II vIII

	BMI Kg/m2
	22.6 ± 0.5
	24.5 ± 0.3
	23.6 ± 0.7
	N.S
	N.S
	N.S



	BMD
	-1.5 ± 0.2
	-2.7 ± 0.3
	-1.8 ± 0.3
	<0.001
	N.S
	<0.05



	Serum PTH (pg/ml)
	45.9 ± 8.4


	90.1 ±19.8


	83.8 ±15.7


	<0.05
	<0.05
	N.S

	Serum osteocalcin (ng/ml)
	2.4 ± 0.4


	2.3 ± 0.3


	3.1 ± 0.5


	N.S
	N.S
	N.S

	Serum leptin (ng/ml)
	13.7 ± 1.5
	13.1 ± 1.2
	9.9 ± 0.4
	N.S
	<0.01
	<0.01


Table ( IV): BMI, BMD, serum PTH, osteocalcin and leptin in patients 

according to Child-Pugh classification
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             Groups

Items
	Grade B

(no=38)
	Grade C

(no=22)
	P-value

	BMI Kg/m2


	23.5 ± 0.5
	23.8± 0.4
	N.S

	BMD


	-1.3 ± 0.2
	-2.4 ± 0.2
	<0.001

	Serum PTH (pg/ml)


	72.4 ± 10.7
	74.7 ± 16.8
	N.S

	Serum osteocalcin (ng/ml)


	3.4 ± 0.5
	2.2 ± 0.2
	<0.01

	Serum leptin (ng/ml)


	11.2 ± 0.7
	13.9 ± 1.3
	<0.05
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Discussion:

With progress in the therapy of liver cirrhosis and its complications, there has been an increase in patient survival, as well as the incidence of fractures and other manifestations of metabolic bone disease associated with CLD. For this reason, the management of osteoporosis has become more important (Duarte et al., 2001). The prevalence of osteometabolic changes in chronic liver disease varies from 13 to 70% depending on the population studied and the diagnostic criteria used to define bone disease (Bonkvosky et al., 1990; Chen et al., 1996 and Gallego-Rojio et al., 1998). In the present study (BMD) was below normal in 86.6% of all patients which indicates a relatively higher percentage of osteometabolic changes in post-hepatitic cirrhosis. Liver cirrhosis is a risk factor for osteoporosis and little is known about the mechanisms of bone mass loss in patient with liver cirrhosis (Gonzalez-Calvin, 2004).

In this study we tried to study  the role of leptin, osteocalcin, intact parathyroid hormone in development of osteoporosis in the liver cirrhosis. The mean values of serum leptin were significantly higher in all patient groups than its controls. Bolukbas et al (2004), repoted high circulating leptin levels in cirrhotic patients caused by viral hepatitis without severe energy malnutrition state. Also, Nakamuta et al (2001), reported higher levels of leptin in alcoholic cirrhosis. Bolukbas et al (2004), reported increased serum leptin in advanced liver disease independently of gender, body composition and viral etiology factor in post hepatic cirrhosis. In addition, leptin secretion from adipocytes may be enhanced by cytokines released as a part of the inflammatory process. Alternatively, cirrhotic patients may simply exhibit decreased hepatic clearance of this protein.

In cirrhotic patients grade C, leptin level was significantly elevated when compared to grade B cirrhotic patients.  Also, negative correlation was found  between leptin and albumin. Leptin levels tend to increase as liver function worsens, and this may reflect a decline in the ability to downregulate energy expenditure as an adaptation to anorexia (Testa et al., 2000). In advanced CLD, the blood-brain barrier is defective. By this mechanism, and increased “leakage” of leptin may result in high levels of leptin intracerebrally. This is in contrast to normal, obese people that have high serum levels of leptin, but probably an intact blood- brain barrier ( Ormarsdottir et al., 2001). In contrast, Comlekci et al., (2003), found that in early stage of liver disease leptin level was higher, however, in advanced stages of the disease, there was significant decline in leptin levels .

Also, positive correlations were found between leptin and AST, ALT in our study. Ellidokuz et al., (2003) found that leptin was  correlated with liver enzymes (AST and ALT) in patient with chronic hepatitis related steatosis. Also the severity of liver fibrosis is associated with higher leptin levels in chronic hepatitis C ( Piche et al., 2004).

Serum leptin in the present study was significantly higher in females (group I and II) than males (group III). It is well known that males, in general has lower leptin levels than  females  because of the supressive effect of androgen on leptin production 

(Ormarsdottir et al., 2001 and Bolukbas et al., 2004). Also Piche et al (2002), found that leptin is sex dependent and can’t be attributed solely to the higher fat mass in female because leptin levels tended to be higher even after correction for fat mass. Sex dependency may be explained by activation of the TNFα system, which has been recognized as one of the major secretogogues of leptin ( Grunfeld et al., 1996).

In this study, serum levels of osteocalcin were significantly low in all patient groups versus controls, while no significant difference could be detected when comparing groups with each other. Some authors reported similar results (Chen et al., 1996). Others reported higher levels of osteocalcin which means that cirrhotic patients have higher turnover osteoporosis (Suzuk et al., 1998). This reduction may be due to defective hydroxylation of vitamin D in CLD as synthesis of osteocalcin is stimulated by vitamin D (Endres and Rude, 2001). Also, in the presence of chronic cholestasis, impaired delivery of bile salts to the duodenum results in malabsorption of lipids and fat-soluble vitamins, leading to deficiency in vitamin k (TolMan and Rej, 2001).  Vitamin K deficiency resulting in increased levels of undercarboxylated osteocalcin, may contribute to osteoporotic fracture ( Iwamoto et al., 2004). Also osteocalcin correlated positively with BMD, so osteoporosis in liver cirrhosis may be due to decrease bone formation. However Chen et al., (1996) failed to detect corelation between BMD and osteocalcin.

The liver is an important organ for the hydroxylation of vitamin D into its active metabolites. Vitamin D and PTH regulate serum levels of   bone mineral and bone remodeling (Endres and Rude, 2001). In this work, serum PTH was above normal range in 55% of the patients, but there was no significant differences in levels of PTH between patients and controls. In hepatocellular dysfunction, some authors reported that the serum parathyroid hormone levels were higher (Fonseca et al., 1987), while others reported unchanged levels (Karan et al., 2001) or low level (Chen et al., 1996). CLD may interfere with vitamin D synthesis by deficient hepatic hydroxylation and/ or decreased intestinal absorption of vitamin D, mainly in cholestatic forms of liver disease and this lead to low serum levels of 25(OH)D and secondary hyperparathyroidism. The participation of PTH in bone turnover and bone loss in cirrhotic patients cannot be excluded (Duarte et al., 2001). Our results showed that  serum PTH was significantly higher in group II and III versus group I. Iki et al (2004), found higher levels of PTH in postmenopausal women than in premenopausal women. Also, Blain et al (2004), reported that PTH was increased in old men when compared to young men and this was explained by the age-related increase in PTH. In this study there was negative correlation between ostocalcin and PTH and a positive correlation between Ca and osteocalcin inspite of normal range. This explained role of PTH-Ca axis in development of low bone formation and osteoporosis in liver cirrhosis (Duarte et al., 2001).

The present study showed significant reduction of BMD in all patient groups in comparison to controls. Hepatic osteodystrophy occurs up to 50% of patients with CLD and is mainly due to imbalance between bone formation and bone resorption resulting in osteoporosis (Crosbie et al., 1999). Hyperbilirubinaemia inhibites osteoblast proliferation and this may indicate  that bilirubin has a pathophysiological role for the reduced BMD associated with CLD (Ormarsdottir et al., 2002). A significant decrease in bone mass, was seen in end-stage cirrhotic patients (Monegal et al., 1997).

Role of leptin in regulating bone mass is controversial. Bone mass is maintained constant between puberty and menopause by balance between osteoblasts and osteoclasts  activity. Through the search for such humoral signal (s) regulating bone formation, leptin has been identified as a powerful inhibitor of bone formation. Furthermore, by means of intracerebroventricular infusion of leptin, it has been shown that the effect of this adipocyte-derived hormone on bone is mediated via a brain relay ( Takeda, 2005). This antiosteogenic function involves leptin binding to its receptors on ventromedial hypothalamic neurons, the autonomus nervous system and beta adrenergic receptors on osteoblasts (Elefteriou et al.,  2004). 

Leptin also had peripheral positive effect. In vitro, leptin adminstration induced the expression of leptin receptors on stromal cells, the differentiation to osteoblasts and inhibition of differentiation into the adipocyte phenotype. In addition, leptin was able to inhibit osteoclastogenesis of peripheral blood mononuclear cells (Coen, 2004). 

In the present study, we found negative correlation between leptin and BMD. Ormarsdottir et al (2001), found an inverse relationship between leptin and BMD in chronic liver diseases, Ushiroyama et al., (2003) found similar inverse relationship in postmenopausal women. In contrast Ruhl and Everhart ,(2002) found that leptin correlatd positively with BMD in young men but no association in pre or postmenopausal women. 

In conclusion: Serum leptin was elevated in cirrhotic patients in both gender but it is higher in females than males. There were inverse relationship between serum leptin and BMD and osteocalcin. Leptin may have a role in the pathogenesis of osteoporosis in liver cirrhosis. Hyperbilirubinaemia is a predictor of increased bone loss and the participation of PTH in bone turnover and bone loss in cirrhotic patients cannot be excluded. Theraputic strategies should be designed to suppress bone resorption, especially in preparation for liver transplantation.
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ليبتن و أوستيو كالسين وكثافة معدن العظم فى تليف الكبد

سلوى صلاح الجندى – وفاء تهامى الشريف* – مديحة يونس بخيت* – غادة مصطفى جلال**                                            – شريف حلمى عبد الوهاب* – حنان محمود أحمد – هالة خلف الله الشريف – أمنية عبد المنعم* 

أأقسام الباطنة والباثولوجيا الاكلينيكية* كلية الطب - جامعة أسيوط -  وطب المناطق الحارة والجهاز الهضمى**                  كلية الطب – جامعة جنوب الوادى 

ان طريقة حدوث هشاشة العظام كمضاعفات عن مرض الكبد المزمن ليست معروفة ولقد وجدت  بعض الدراسات أن الليبتن مثبط قوى لتكوين العظام . لقد أجريت هذه الدراسة لتحديد العلاقة بين الليبتن وأوستيوكالسين وكثافة معدن العظم فى تليف الكبد . 

ولقد شملت الدراسة ستين مريضا مصابين بتليف الكبد  و قسم المرضى الى ثلاث مجموعات : مجموعة (I) عشرين مريضة ما قبل سن اليأس ، مجموعة II)  عشرين مريضة ما بعد سن اليأس  ، مجموعة (III)  عشرين مريض من الذكور وكذلك واحد وعشرين شخصا من الأصحاء متساوون فى السن والجنس سبعة لكل مجموعة كمجموعات ضابطة . وأيضا قسم المرضى طبقا لتقسيم ( Child – Pugh)  الى درجة B  (38 مريض ) والدرجة C  (22 مريض) . 

خضع المرضى والمجموعة الضابطة لأخذ تاريخ مرضى كامل وفحص اكلينيكى وحساب كتلة الجسم . وكذلك قياس الأوستيوكالسين والليبتن وهرمون الباراثيرويد فى المصل هذا بالاضافة الى اختبارات وظائف الكبد , الفسفور والكالسيوم HBsAg , Anti –HCV  - فى المصل  . ولقد قيست كثافة معدن العظم بالموجات فوق الصوتية على عظمة الكاحل .

ولقد كان متوسط قيمة الليبتن فى المصل مرتفعة ارتفاعا ذا دلالة احصائية فى مجموعات المرضى (I-II-III) مقارنة بالعينة الضابطة لكل مجموعة وكذلك فى مجموعات السيدات      (I-II) مقارنة بالذكور (III)  أظهر مستوى  معدن كثافة العظم والاوستيوكالسين انخفاضا ذا دلالة احصائية فى مجموعات المرضى مقارنة بالمجموعات الضابطة .

وعند مقارنة مجمموعة ( Child – Pugh C    بمجموعة Child – Pugh B)    كان متوسط قيم الأوستيوكالسين وكثافة معدن العظم منخفض انخفاضا ذا دلالة احصائية ولكن أظهر مستوى الليبتن ارتفعا ذو دلالة احصائية . 

وجدت علاقة سلبية بين مستوى الليبتن فى المصل مع  كل من مستوى استيوكالسين فى المصل , كثافة معدن العظم ، مستوى الألبومين ونسبة A/G  وكذلك علاقة ايجابية بين الليبتين وكل من  ALT , AST 
وأيضا وجدت علاقة سلبية بين مستوى أوسيتوكالسين وهرمون الباراثيرويد وعلاقة ايجابية بين اوسيتوكالسين وكل من كثافة معدن العظم ، الألبيومين ، ونسبةA/G .

ولقد استنتجنا من هذه الدراسة أن مستوى اللبتين فى المصل مرتفع فى مرضى التليف الكبدى من الجنسين ولكن أكثر فى الاناث عن الذكور كما توجد علاقة عكسية بين مستوى الليبتن وكثافة معدن العظم ، وأوستيوكالسين . قد يكون لليبتين دورا فى نشوء هشاشة العظام فى تليف الكبد. 
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Figure (3): Correlation between serum leptin and  albumin.
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Figure (5): Correlation between serum osteocalcin and BMD.





Figure (1): Correlation between serum leptin and serum osteocalcin.
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Figure (4): Correlation between serum osteocalcin and PTH.
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Figure (2): Correlation between serum  


                    leptin and BMD.
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