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Prospective Study
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Abstract

AIM: To investigate the relationship between osteo​pontin plasma concentrations and the severity of portal hypertension and to assess osteopontin prognostic value.

METHODS: A cohort of 154 patients with confirmed liver cirrhosis (112 ethylic, 108 men, age 34-72 years) were enrolled in the study. Hepatic venous pressure gradient (HVPG) measurement and laboratory and ultrasound examinations were carried out for all patients. HVPG was measured using a standard catheterization method with the balloon wedge technique. Osteopontin was measured using the enzyme-linked immunosorbent assay (ELISA) method in plasma. Patients were followed up with a specific focus on mortality. The control group consisted of 137 healthy age- and sex- matched individuals.

RESULTS: The mean value of HVPG was 16.18 ± 5.6 mmHg. Compared to controls, the plasma levels of osteopontin in cirrhotic patients were significantly higher (P < 0.001). The plasma levels of osteopontin were positively related to HVPG (P = 0.0022, r = 0.25) and differed among the individual Child-Pugh groups of patients. The cut-off value of 80 ng/mL osteopontin distinguished patients with significant portal hypertension (HVPG above 10 mmHg) at 75% sensitivity and 63% specificity. The mean follow-up of patients was 3.7 ± 2.6 years. The probability of cumulative survival was 39% for patients with HVPG > 10 mmHg and 65% for those with HVPG ≤ 10 mmHg (P = 0.0086, odds ratio (OR), 2.92, 95% confidence interval (CI): 1.09-7.76). Osteopontin showed a similar prognostic value to HVPG. Patients with osteopontin values above 80 ng/mL had significantly lower cumulative survival compared to those with osteopontin ≤ 80 ng/mL (37% vs 56%, P = 0.00035; OR = 2.23, 95%CI: 1.06-4.68).

CONCLUSION: Osteopontin is a non-invasive parameter of portal hypertension that distinguishes patients with clinically significant portal hypertension. It is a strong prognostic factor for survival.
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Core tip: Data presented in our study are based on a 7-year follow-up interval with systematic hemodynamic evaluations of more than 150 cirrhotic patients. We report for the first time a close relationship between osteopontin (OPN) and portal hypertension. Our findings suggest that OPN in plasma could be a marker of clinically significant portal hypertension. Importantly, we found that OPN is a strong prognostic indicator in patients with liver cirrhosis; and, similar to hepatic venous pressure gradient (HVPG) value, it significantly determined survival probability. Moreover, the combination of HVPG and OPN increased the validity of prognosis.

INTRODUCTION

Osteopontin (OPN), first described in 1979[1], is a multifunctional protein that is physiologically expressed in the kidney and bone[2]. Under pathological conditions, OPN expression has been found in various organs and has been attributed to many pathological conditions, including inflammation, angiogenesis, fibrosis, and carcinogenesis[3]. Hepatic expression of OPN was first described in rats after carbon tetrachloride intoxication[4]. OPN was shown to contribute to the migration of macrophages into the necrotic areas in liver tissue[5] and to serve as a key cytokine within the extracellular matrix; thus, contributing to fibrogenesis[6,7]. OPN is involved in the evolution and progression of various cancers, including hepatocellular carcinoma (HCC)[8] and cholangiocarcinoma[9]. In fact, plasma OPN levels have been found to be significantly elevated in patients with liver cirrhosis and HCC compared to those without HCC[10].

Recently, plasma OPN levels were shown to predict liver fibrosis in various chronic liver diseases, such as non-alcoholic steatohepatitis[11], alcoholic liver disease[12], and chronic viral hepatitis B[13] and C[14]. As OPN levels correlate significantly with the fibrosis stage in alcohol-induced liver disease[12], it follows that OPN levels could be related to the degree of portal hypertension and, hence, serve as a surrogate non-invasive marker of portal hypertension. This relationship has not been studied until now. Portal hypertension, which is pathogenically related to liver injury and fibrosis, leads to major complications of cirrhosis. In the clinical setting, portal hypertension is evaluated by invasive measurement of the hepatic venous pressure gradient (HVPG)[15]. Recently, non-invasive biomarkers of cirrhosis[16] have been suggested as substitutes for invasive measurement of portal pressure in some indications.

The aim of our study was to evaluate the relationship between OPN plasma concentration and the degree of portal hypertension, as measured by HVPG, and to assess the impact of OPN values on prognosis in patients with liver cirrhosis.

MATERIALS AND METHODS
Patients

A group of 154 patients with confirmed liver cirrhosis and portal hypertension were included in the study. They were recruited from a list of consecutive patients referred to the 4th Department of Internal Medicine of the General University Hospital in Prague between 2007 and 2014 for hemodynamic evaluation of portal hypertension. A total of 286 patients were examined, out of which 154 were included in the study. The main criteria for exclusion from the study were: active uncontrolled alcohol abuse, known HCC, concomitant antiviral treatment, the use of any drug affecting splanchnic hemodynamics or portal pressure within 2 wk before HVPG measurement, portal vein thrombosis, lack of initial clinical data in the database, lack of appropriate blood sample volume in storage, and refusal of patients to store blood samples for future evaluation or to collect clinical data. Blood samples were collected during hepatic vein catheterization and immediately separated and stored at -70  ℃ until OPN evaluation.

Liver cirrhosis was diagnosed on the basis of biochemical tests, clinical and ultrasound findings, and/or liver biopsies; the presence of portal hypertension was diagnosed by hepatic vein catheterization.

Hepatic vein catheterization and HVPG measure​ment were performed in all patients. Eighty-three patients included in the study were referred for HVPG measurement in cases of primary or secondary prophylaxis of bleeding from esophageal varices, according to the Baveno criteria[17]. Indications for HVPG measurement in the remaining 71 patients were staging of liver cirrhosis and portal hypertension. The clinical and laboratory data of all patients were collected at the time of hepatic vein catheterization. The follow-up data were collected from the hospital charts at the time of OPN evaluation. The patients were carefully followed up with a special focus on mortality. The data of six transplanted patients were censored at the time of transplantation.

The control group, used for the purposes of comparing OPN levels, consisted of 137 healthy individuals. The control population was recruited from the staff of the university hospital in Prague. These individuals consisted of healthy subjects without a history of liver disease, coronary artery disease, or other chronic diseases and were age- and gender-matched to the patient population.

The study was carried out in full accordance with the Helsinki Declaration of 1975, as revised in 1983, and was approved by the Institutional Ethics Committee. Informed consent for future evaluation of blood samples for scientific purposes was obtained from all subjects at the time of hepatic vein catheterization.

Measurement of the HVPG

Measurement of the HVPG was performed using the classic wedge technique[18]. Shortly after overnight fasting, patients were transferred to the catheterization room. Under local anesthesia, a 7F catheter introducer was placed in the right jugular vein using the Seldinger technique. Under fluoroscopic control, a 7F balloon-tipped catheter (B. Braun Melsungen AG, Melsungen, Germany) was advanced into the right hepatic vein in order to measure both free hepatic venous pressure and wedged hepatic venous pressure. All measurements were performed in triplicate using a continuous recording unit. HVPG was calculated as the difference between the wedged hepatic venous pressure and the free hepatic venous pressure. Clinically significant portal hypertension was defined according to the Baveno criteria[17] with HVPG > 10 mmHg.

Laboratory analyses

Biochemical and hematology examinations were performed on automatic analyzers (Modular Analyzer; Roche Diagnostics GmbH, Mannheim, Germany) using standard laboratory assays. The severity of liver disease was evaluated by Child-Pugh scoring and the model end-stage liver disease (MELD) score and then evaluated separately according to platelet count, presence of esophageal varices, ascites, and hepatic encephalopathy.

OPN levels in plasma were measured using an enzyme-linked immunosorbent assay (ELISA) kit (DOST00, R&D Systems, Minneapolis, MI, United States), according to the manufacturer’s instructions. The control group consisted of 137 healthy age- and sex-matched individuals. In each ELISA kit, both controls and patients were included to minimize the effect of inter-assay error due to group comparison.

Other non-invasive markers of portal hypertension were compared to OPN for the detection of clinically significant portal hypertension, including platelet count, platelet count/spleen diameter ratio[19], and aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio[20].

Statistical analysis

The results are presented as mean values with standard deviation. Either a two-sample t-test or the Mann-Whitney rank test for non-Gaussian distributed variables was used to estimate intergroup differences. The correlations between different parameters were evaluated by calculation of Pearson or Spearman correlation coefficients and linear regression analyses. Logistic regression was used to assess the predictive value for mortality of risk factors. In order to prevent model over-adjustment, we merged both predictors (HVPG and OPN), as they seemed to act independently and exhibit similar ORs. All tests were two-sided, with P < 0.05 considered as statistically significant. Receiver operating characteristic curve analysis was used to assess the utility of OPN and other parameters when distinguishing between patients with and without clinically significant portal hypertension. Survival probability was determined using the Kaplan-Meier method. The statistical analyses were performed using BMDP Statistical Software (Release 8.1) and Statistica 12 CZ.

RESULTS

Characteristics of patients

One hundred and fifty four patients were included in the study - 108 males and 46 females. Both gender groups exhibited no differences with regard to age, biochemical parameters, and/or the etiology and stage of cirrhosis (data not shown). Patients were divided into two groups depending on the absence or presence of ascites (compensated, n = 91; decompensated, n = 63). The clinical and laboratory parameters of the whole group as well as patients with and without ascites are given in Table 1. There were no statistical differences between patients and controls in respect to age and gender (data not shown). There were no differences in OPN values between patients with alcoholic or other etiology: 110 (73-159) ng/mL vs 107 (75-146) ng/mL, P = 0.95 (values as median and interquartile (IQ) range).

Relationship of OPN to HVPG

The mean value of HVPG in patients with cirrhosis was 16.18 ± 5.6 mmHg. The plasma values of OPN in cirrhotic patients were significantly higher than values in controls: 107 (74-154) ng/mL vs 55 (42-67) ng/mL, P < 0.001, values as median and IQ range; Figure 1A). Plasma levels of OPN were closely and positively related to HVPG values (P = 0.002, r = 0.25, Figure 2). Plasma levels of OPN above 80 ng/mL distinguished patients with HVPG > 10 mmHg with 75% sensitivity and 63% specificity (AUC 0.763, confidence interval (CI) 49.8-83.7). The positive predictive value (PPV) and negative predictive value (NPV) for the OPN cut-off of 80 of ng/mL concentration in discriminating patients with significant portal hypertension was 92% (95%CI: 85%-96%) and 31% (95%CI: 18%-47%), respectively. A cut-off value of 90 ng/mL distinguished patients with HVPG > 12 mmHg (a marker of increased risk of variceal bleeding) to 71% sensitivity and 62% specificity (area under the curve (AUC), 0.725, 95%CI: 57.3-85.1). When calculated for patients without ascites only, plasma levels of OPN above 80 ng/mL distinguished patients with clinically significant portal hypertension with similar results (sensitivity 65%, specificity 64%, AUC, 0.69; 95%CI: 42-89). The sensitivity and specificity of other non-invasive parameters for the discrimination of patients with clinically significant portal hypertension were as follows: platelet count/spleen size ratio - 32%, 50% (AUC, 0.392, 95%CI: 0.17-0.51), respectively; platelet count - 45%, 40% (AUC, 0.392, 95%CI: 0.3-0.62), respectively; AST/ALT ratio - 74%, 50% (AUC, 0.696, 95%CI: 0.53-0.89), respectively.

No relation of OPN or HVPG to ultrasound portal hemodynamic parameters or laboratory parameters (portal vein diameter, spleen size, platelet count, and serum concentration of albumin) was found, with the exception of portal vein flow velocity. Portal vein flow velocity correlated negatively with HVPG (P = 0.008, r = -0.356) and OPN levels (P = 0.002, r = -0.412). There was no relationship between plasma values of OPN and age, neither in patients (P = 0.9) nor in controls (P = 0.6). Under multivariate analysis performed with HVPG above/below 10 mmHg, OPN values still differed significantly in comparison with other commonly examined laboratory parameters of portal hypertension (Table 2).

Relationship of OPN to survival 

The mean time of follow-up was 3.7 ± 2.6 years (a range of 1 mo to 7 years). During the follow-up, 62 patients died, 77 patients were alive at the time of evaluation (six of whom were transplanted), and 15 patients were lost for follow-up. The HVPG cut-off value of 10 mmHg (i.e., the threshold for clinically significant portal hypertension) divided patients into two groups with significantly different probabilities of cumulative survival (39% for those with HVPG > 10 mmHg compared to 65% for those with HVPG ≤ 10 mmHg; P = 0.0086, OR = 2.92, 95%CI: 1.09-7.76; Figure 3A). When survival probability was calculated as a function of OPN, the plasma cut-off value of OPN 80 ng/mL distinguished two different groups of patients with significantly different probabilities of cumulative survival (37% for those with OPN above 80 ng/mL compared to 56% for those with OPN below 80 ng/mL, P = 0.00035, OR = 2.23, 95%CI: 1.06-4.68; Figure 3B). This difference was significant, independent of HVPG value. Mortality in patients with at least one risk factor (HVPG > 10 mmHg or plasma OPN > 80 ng/L) was more than twice as high compared to patients without any risk factors (OR = 2.34); in those with both risk factors, mortality was more than five times as high (OR = 5.10) compared to patients without any risk factors (Table 3). When considering patients with compensated cirrhosis only (i.e., without ascites), both the plasma cut-off value of OPN 80 ng/mL and the HVPG value of 10 mmHg divided patients into two groups with significantly different probabilities of cumulative survival (Figure 4A and B).

Relation of OPN to other clinical parameters
Plasma values of OPN differed among the individual Child-Pugh groups of patients. The plasma values of OPN were 84.8 ± 34.9 ng/mL in Child-Pugh A, 158.8 ± 98.2 ng/mL in Child-Pugh B, and 205.2 ± 142.8 ng/mL in Child Pugh C. Significant differences were found between Child-Pugh A vs B and A vs C groups (Figure 1B). The same significance was found among Child-Pugh groups according to HVPG values (Table 4).

Plasma OPN concentrations correlated significantly with platelet count (r = 0.231; P = 0.009) and presence of ascites (P < 0.001) but not with the size of varices or history of variceal bleeding (Table 5). HVPG correlated with all of above-mentioned clinical parameters, including size of varices and history of variceal bleeding (Table 5). Information about the presence or absence of HCC during the follow-up period was available in the case of 81 patients, of whom HCC developed in six patients (7.4%). Neither plasma OPN levels nor HVPG values correlated with the occurrence of HCC. 

DISCUSSION

The main finding of our study is that plasma con​centration of OPN is in close relation to portal hyper​tension. Although there is much evidence available regarding the role of OPN in hepatic fibrogenesis, the relationship of OPN to portal hypertension (evaluated by HVPG measurement) has not been described pre​viously. HVPG measurement is used in different clinical situations in routine praxis; distinguishing between patients with clinically significant portal hypertension (i.e., HVPG > 10 mmHg) and those at risk of bleeding (HVPG > 12 mmHg)[17] is of most importance. Our data suggest that, in both these groups of patients, a single laboratory parameter, i.e., plasma OPN levels, was sufficient to estimate values to quite a satisfactory sensitivity and specificity. From a clinical point of view, it is important to note that this differentiation was also observed in the group of compensated patients without ascites (which is usually the basic clinical parameter for showing the presence of clinically significant portal hypertension). The performance of OPN values in the discrimination of patients with clinically significant portal hypertension was better than those of common markers, such as platelet count/spleen size ratio, platelet count, and AST/ALT ratio.

In an experimental model of liver fibrosis, OPN was shown to serve as a key cytokine within the extracellular matrix protein network, contributing to scarring and liver fibrosis[6]. OPN also delays liver fibrosis resolution due to sustained fibrillar collagen-I deposition in mice after thioacetamide-induced fibrosis[7]. Recently, plasma OPN levels have been found to predict liver fibrosis in various chronic liver diseases, such as NASH[11], alcoholic liver disease[12], and chronic viral hepatitis B[13] and C[14]. Pereira et al[21] have also demonstrated that OPN secretion could be stimulated by Schistosoma mansoni and that serum OPN levels correlated with splenic vein pressure and liver fibrosis stage in patients with schistosomiasis.

Portal hypertension is pathogenically related to liver injury and fibrosis, which leads to major complication of cirrhosis, and has been evaluated to date by invasive measurement of portal pressure (HVPG)[15]. The HVPG is a prognostic factor for long-term survival in the case of cirrhosis[22] and can even reflect progression of the disease in the pre-cirrhotic stage. In fact, there is an association between the severity of hepatic inflammation and fibrosis and the HVPG even before cirrhosis develops[23]. Longitudinal studies are needed to assess whether OPN, as a key mediator of the alcohol-induced effects on hepatic stellate cell functions and liver fibrogenesis[24], could give similar information.

Another important finding from our study relates to the prognostic value of OPN. 

Data are abound in the literature on the ability of HVPG to predict overall liver-related outcomes, in particular liver cirrhosis decompensation[25] and variceal hemorrhage[26]. In a study by Ripoll et al[25], patients with an HVPG < 10 mmHg had a 90% probability of not developing clinical decompensation after a 4-year median follow-up; however, the survival data were not clearly shown. A reduction in the HVPG to less than 12 mmHg or a reduction of more than 20% from the baseline value was associated with a decreased risk of variceal hemorrhage and improved survival[27,28]. In one study, the HVPG was shown to have better efficacy for predicting 1- and 2-year mortality in cirrhotic patients than that from results obtained using the MELD score[29]. Nevertheless, the clear relationship between single HVPG measurement and overall survival of patients with cirrhosis is supported by very few studies. We observed in our patients that a HVPG cut-off value of 10 mmHg, obtained during a single measurement, stratified cirrhotic patients into two groups with different prognoses regarding survival probability. Surprisingly, we found OPN to be a strong predictor of survival in patients with cirrhosis, with the same validity as the HVPG. A cut-off value of 80 ng/mL revealed two groups of cirrhotic patients with different probabilities of survival, even in the group of compensated patients, which suggests that OPN determination might benefit from being implemented in routine clinical settings. As described previously, common clinical parameters, such as platelet count or ultrasonographic parameters of portal hypertension, correlate with the degree of portal hypertension, but none of these simple parameters could be used for staging portal hypertension or patient risk stratification. The most frequently used (and proved) prognostic parameters in cirrhosis are based on the evaluation of liver function (Child-Pugh classification, MELD score). The only prognostic parameter related to portal hypertension that is independent of other factors was shown to be the HVPG. Our study suggests that plasma OPN levels could stratify patients into two groups with different prognoses, similar to the HVPG. The survival of patients with plasma OPN concentrations below the cut-off value of 80 ng/mL was significantly longer compared to those patients with higher OPN levels (56% vs 37%).

The mean follow-up interval of our patients was 3.7 years, an interval sufficiently long to consider our data statistically significant and reliable for identification of survival differences.

Most patients in our study had cirrhosis of ethylic etiology (none of them presented with uncontrolled abuse of alcohol). The number of patients with other etiologies did not enable us to find a prognostic role, but based on literature data[26] we would not expect a significant difference.

As predicted, HVPG values correlated with different clinical parameters of portal hypertension, such as platelet count, size of esophageal varices, history of variceal bleeding, and presence of ascites. Surprisingly, plasma OPN levels correlated only with platelet count and presence of ascites but not with “variceal-related” parameters (size of varices or history of variceal bleeding).

However, it remains to be answered whether OPN plasma concentration reflects the actual value of HVPG and whether it in turn changes continuously with HVPG changes. If indeed it does, this would enable us, for example, to assess the effect of pharmacology treatment on portal hypertension or to evaluate other continuous changes in portal hypertension, otherwise made possible only by invasive HVPG measurement until now[30]. Further studies are needed to address these questions.

Another important issue is the relation of plasma OPN concentration and HCC. Using proteomic profiling of plasma from patients with cirrhosis and HCC, Shang et al[10] identified OPN to be significantly upregulated in HCC cases compared to cirrhosis controls. Sub​sequently, plasma concentrations of OPN measured in cirrhotic patients, with and without HCC, revealed significantly higher concentrations in individuals with HCC compared with those without tumors. Recently, Nabih et al[31] suggested OPN as a tumor marker, which could be used as a screening test for the diagnosis of HCC in patients with liver cirrhosis caused by the hepatitis C virus. No relationship of plasma OPN or HVPG levels to occurrence of HCC was found in our cohort of patients. This could be partly due to the limited number of patients with available clinical data with regard to HCC (81 of 154 patients) and partly due to the low incidence of HCC in our patients, which is in concordance with the generally low incidence of HCC in the Czech Republic[9].

Limitations

Some limitations of our study to consider are the lack of a validation cohort and the strong regional focus on enrolled patients in this study. The main influence within our examined region mainly pertains to the high percentage of alcoholic cirrhosis in our patients. Another limitation is the lack of liver stiffness measurement in our patients, which has been shown to perform well in the detection of clinically significant portal hypertension, especially in combination with the platelet count/spleen diameter ratio[32].

In conclusion, we report a close relationship between plasma concentrations of OPN and portal hypertension in cirrhotic patients, a fact not known until now. OPN could be used to detect significant portal hypertension even in compensated patients without ascites. Our results also indicate that OPN is an independent prognostic parameter of overall survival in cirrhotic patients and that it could be incorporated into prognostic models in patients with liver cirrhosis. The role of OPN in the evaluation of responses to portal hypertension treatments should be explored in future studies.

COMMENTS

Background

Portal hypertension leads to major complications of cirrhosis. Until now, invasive measurement of the hepatic venous pressure gradient (HVPG) has been the only method used for the exact evaluation of portal hypertension. Recently, osteopontin (OPN) has emerged as a new marker through its possible relation to fibrosis and cirrhosis.

Research frontiers

Although the relationship between OPN and liver fibrosis has been described previously, the relationship to portal hypertension has never been studied.

Innovations and breakthroughs

The close relation of OPN plasmatic levels to portal hypertension has never been described. OPN is a strong prognostic indicator in patients with liver cirrhosis and, similar to HVPG values, significantly determines survival probability even in compensated patients. Moreover, the combination of HVPG and OPN increases the validity of prognosis.

Applications

OPN could be used as a marker of clinically significant portal hypertension and a prognostic parameter in patients with cirrhosis.

Terminology

Clinically significant portal hypertension was defined as HVPG > 10 mmHg.

Peer-review

The authors provide interesting information on the value of OPN measurement as a non-invasive biomarker of portal hypertension. As noted by the authors, this association had not previously been described. The patient size is reasonably large, and the authors have made a good attempt to exclude indications associated with elevated circulation OPN, such as alcohol abuse and hepatocellular carcinoma, in their patient populations.
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Figure 1  Plasma osteopontin in patients with cirrhosis and controls (A) and in patients with cirrhosis in Child-Pugh A, B, and C classes (B). Box-plot graphs, boxes correspond to the median value and interquartile range.
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Figure 2  Relationship between hepatic venous pressure gradient and plasma osteopontin concentrations in patients with cirrhosis. HVPG: Hepatic venous pressure gradient.
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Figure 3  Cumulative proportion of surviving patients with hepatic venous pressure gradient values below and above 10 mmHg (A) and plasma osteopontin levels below and above 80 ng/mL (B) in the whole group of patients using the Kaplan-Meier method. HVPG: Hepatic venous pressure gradient; OPN: Osteopontin. 
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Figure 4  Cumulative proportion of surviving patients with hepatic venous pressure gradient values below and above 10 mmHg (A) and plasma osteopontin levels below and above 80 ng/mL (B) in compensated patients without ascites using the Kaplan-Meier method. HVPG: Hepatic venous pressure gradient; OPN: Osteopontin. 
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Table 1  Characteristics of patients with liver cirrhosis in the study


Parameter�
All patients (n = 154)�
Compensated patients (without ascites) (n = 91)�
Decompensated patients (with ascites) (n = 63)�
P value1�
�
Age (yr)�
54.7 ± 11.1�
54.5 ± 11.2�
55.4 ± 11.3�
0.276�
�
Gender (M/F) (%)�
74/26�
73/27�
77/23�
0.340�
�
Etiology of cirrhosis (alcohol/viral/other incl. NASH) Number of patients�
112/22/20�
63/15/13�
47/9/7�
0.490�
�
Child-Pugh A/B/C (%)�
41/34/25�
69/27/4�
14/39/47�
< 0.001�
�
MELD score�
12.5 ± 4.9�
10.9 ± 4.5�
14.3 ± 4.8�
< 0.001�
�
Bleeding from varices (%)�
30�
28�
33�
0.288�
�
Bilirubin (µmol/L)�
31 (18-55)�
25 (15-44)�
40 (23-62)�
0.011�
�
Albumin (g/L)�
33.6 ± 7.4�
39.9 ± 6.7�
30.1 ± 6.6�
< 0.001�
�
Creatinine (µmol/L)�
  83 ± 29�
  81.6 ± 27.2�
  97.8 ± 22.3�
< 0.001�
�
ALT (μkat/L)�
0.65 (0.5-1.4)�
0.71 (0.6-1.7)�
   0.58 (0.4-0.8)�
0.282�
�
AST (μkat/L)�
0.96 (0.7-1.6)�
1.11 (0.8-1.6)�
0.75 (0.6-1)�
0.193�
�
Platelets (× 109/L)�
107 (74-163)�
98 (68-142)�
    130 (82-203)�
0.015�
�
Arterial mean blood pressure (mmHg)�
91 ± 11.5�
92 ± 13�
90 ± 10�
0.483�
�
Ascites (%)�
41�
-�
-�
-�
�
Encephalopathy (%)�
12�
6�
19�
< 0.001�
�
HVPG (mmHg)�
   16.0 ± 5.4�
14.2 ± 5.1�
   26.9 ± 6.1�
< 0.001�
�
Varices (none/small/large) (%) �
18/35/47�
25/30/45�
10/40/50�
< 0.001�
�
Spleen length (mm)�
   143 ± 22�
   142 ± 19�
   146 ± 26�
0.534�
�
Diameter of the portal vein (mm)�
   13.3 ± 2.1�
   13.2 ± 1.8�
   13.5 ± 2.4�
0.729�
�
Portal flow velocity (cm/s)�
      16 ± 5.8�
18.8 ± 6�
13.5 ± 4�
< 0.001�
�
Diameter of the lienal vein (mm)�
10.1 ± 3�
 10.25 ± 2.7�
     9.8 ± 3.5�
0.348�
�
Follow-up (yr)�
     3.7 ± 2.6�
   4.13 ± 2.4�
   2.88 ± 2.6�
0.004�
�
Osteopontin (ng/mL)�
107 (73.7-154)�
85.7 (65.7-129)�
138 (106-194)�
< 0.001�
�
1Statistical difference between compensated and decompensated patients. Data are expressed as mean ± SD or as a median and 25-75 percentile, when non-normally distributed. HVPG: Hepatic venous pressure gradient. 





Table 2  Presence of clinically significant portal hypertension in relation to osteopontin and other parameters


Parameter�
P value�
�
Osteopontin�
0.04�
�
Platelet count�
0.05�
�
AST/ALT ratio�
0.49�
�
Multiple linear regression with hepatic venous pressure gradient (HVPG) > 10 mmHg as a variable carried out with OPN, platelet count, and AST/ALT ratio as independent variables. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.





Table 3  Risk for death of patients with liver cirrhosis based on the cut-off values of hemodynamic evaluation of portal hypertension and osteopontin


Parameter�
Odds ratio�
95%CI�
P value�
�
HVPG > 10 mmHg�
2.92�
1.09-7.76�
0.032�
�
OPN > 80 ng/mL�
2.23�
1.06-4.68�
0.034�
�
HVPG or OPN above cut-off1�
2.34�
1.16-4.75�
0.018�
�
Both HVPG and OPN above cut-off2�
5.09�
  1.29-20.15�
0.020�
�
1Only one parameter above cut-off values (10 mmHg for HVPG, 80 ng/mL for OPN); 2Both parameters above cut-off. HVPG: Hepatic venous pressure gradient; OPN: Osteopontin.





Table 4  Laboratory and clinical parameters in different Child-Pugh groups of patients


Parameter�
Child-Pugh A�
Child-Pugh B�
Child-Pugh C�
P value�
�
Age (yr)�
  55.6 ± 10.7�
  52.9 ± 11.2�
  56.3 ± 10.7�
NS�
�
Osteopontin (ng/mL)�
  84.8 ± 34.9�
158.8 ± 98.2�
  205.2 ± 142.8�
A vs B, P < 0.001, A vs C, P < 0.001, B vs C, NS�
�
HVPG (mmHg)�
14.1 ± 5.1�
17.1 ± 4.8�
19.5 ± 4.5�
A vs B, P < 0.001, A vs C, P < 0.001, B vs C, NS�
�
Survival (yr)�
  4.6 ± 2.3�
  3.3 ± 2.5�
  2.5 ± 2.6�
A vs C, P < 0.001, A vs B, NS, B vs C, NS�
�
HVPG: Hepatic venous pressure gradient; NS: Not significant. 





Table 5  Correlation of hemodynamic evaluation of portal hypertension and osteopontin to clinical parameters in patients with liver cirrhosis


Parameter�
HVPG�
Osteopontin�
�
�
r�
P value�
r�
P value�
�
Survival�
0.220�
0.009�
0.230�
0.006�
�
Platelet counts�
0.247�
0.005�
0.231�
0.009�
�
Size of varices�
0.352�
< 0.001�
0.009�
0.927�
�
History of bleeding from varices�
�
< 0.001�
�
0.506�
�
Presence of ascites�
�
< 0.001�
�
< 0.001�
�
r: Correlation coefficient; HVPG: Hepatic venous pressure gradient.
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