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Objectives: The aim of the work was to assess the level of copeptin as a surrogate marker 

predicting the severity of liver diseases and its major complications.

Patients and methods: This was a cross-sectional study that included 40 patients and 10 

controls and was performed in Tanta University Hospital between June 2016 and November 2016. 

The studied cases were divided into five groups: group I (10 patients): compensated cirrhosis; 

group II (10 patients): cirrhosis with gastrointestinal hemorrhage due to portal hypertension; 

group III (10 patients): cirrhosis with hepatorenal syndrome; group IV (10 patients): cirrhosis 

with liver cell failure; and group V (10 controls): normal healthy individuals.

Results: Regarding serum copeptin in the studied groups, copeptin showed a significant 

decrease in group I vs group II‚ group I vs group III, and group I vs group IV; and there was a 

significant increase in group II vs group III‚ group II vs group IV‚ group II vs control‚ group 

III vs control, and group IV vs control. No significance was detected between group I vs control 

and group III vs group IV.

Conclusions: Copeptin is a novel marker for the determination of prognosis of liver cirrhosis. 

There is significant association between serum level of copeptin and complications of liver cirrhosis.
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Introduction
Cirrhosis is usually the final histological pathway whatever the underlying cause of 

liver diseases.1 There are many factors that can lead to liver cirrhosis and portal hyper-

tension, which include viral hepatitis,2–5 alcohol abuse, sclerosing cholangitis, and 

common inborn errors of metabolism that include Wilson disease, hemochromatosis, 

and alpha-1 antitrypsin deficiency.6

One of the main complications of liver cirrhosis is portal hypertension. Clinically 

relevant complications of portal hypertension like the development of ascites and/or 

esophageal and gastric varices usually develop at a hepatic venous pressure gradient 

(HVPG) above 10 mmHg.7

Portal hypertension is responsible for many critical complications like bleeding 

varices, ascites, hepatic encephalopathy, hepatorenal syndrome, and hepatic failure. 

The onset of these complications marks the deterioration of liver disease from a com-

pensated to a decompensated stage.8

Ascites is one of the essential signs of hepatic decompensation and bad prognosis 

in patients with liver cirrhosis whatever the cause of hepatic injury. As soon as ascites 

develops, the incidence of mortality is set 50% at 2 years.9–11
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Refractory ascites occurs among about 20% of patients 

with ascites and is defined both as an unresponsiveness to salt 

restriction and high-dose diuretics and as a recurrence taking 

place rapidly within 4 weeks post-therapy, consistent with 

the American Association for the Study of Liver Diseases 

(AASLD) recommendations.12 Refractory ascites is usually 

related to poor prognosis and is a tough complication to 

deal with due to restricted treatment options for this special 

category of patients with chronic liver disease.13

Hepatorenal syndrome (HRS) is described as the develop-

ment of renal failure in patients with advanced liver disease in 

the absence of other identifiable causes of renal failure. HRS 

can be of two types. Type 1 HRS develops unexpectedly and 

rapidly with a rise in serum creatinine to >2.5 mg/dL in much 

less than 2 weeks. Additionally, it is usually preceded by a 

precipitating event, the most common being some bacterial 

infection including spontaneous bacterial peritonitis. Type 

2 HRS is characterized by a slower development of renal 

dysfunction and commonly develops within the placing of 

refractory ascites.14

Hepatic encephalopathy (HE) is a primary trouble in 

patients with chronic liver diseases with neuropsychiatric 

manifestations ranging from sleep disturbance to deep 

coma.15

The most severe outcome of liver disease is the develop-

ment of hepatic failure, which will only occur once 80% 

to 90% of hepatic functional capacity is removed. Hepatic 

failure is the endpoint of chronic hepatitis or alcoholic liver 

disease ending in cirrhosis.16

Copeptin is a 39-amino-acid glycopeptide with unknown 

physiological function or characteristic till now. However, 

copeptin is cosynthesized with vasopressin, which is likewise 

known as antidiuretic hormone, thereby immediately mirror-

ing vasopressin levels. However, copeptin has the advantage 

of having more stability in the plasma and serum.17

Endotoxin and proinflammatory cytokines stimulates 

splanchnic arterial vasodilatation in cirrhotic patients leading 

to activation of the neurohumoral axis, which incorporates 

expanded activity of the sympathetic and renin–angioten-

sin–aldosterone systems, as well as the release of arginine 

vasopressin (AVP).18 It has been demonstrated that AVP 

concentrations increase greatly with worsening of liver func-

tion, and this important marker may additionally thus have a 

prognostic function. However, its measurement is not easy 

to carry out and now not routinely available. Copeptin, the 

pre-pro-AVP C-terminal fragment, is launched into the serum 

in equimolar quantities as AVP. For that reason, copeptin 

concentrations closely mirror the production of AVP, either in 

healthy subjects or in stressful situations inclusive of sepsis. 

The principal interest of copeptin is its stability in the serum, 

which is much more stable than AVP, thereby making it easier 

and more practical to measure. Moreover, its concentration 

increases much more than cortisol in the event of stress.19 The 

aim of this work was to evaluate copeptin as a novel marker 

in predicting the severity of liver diseases.

Patients and methods
This was a cross-sectional study that was performed on 

inpatients and outpatients of Tropical Medicine Department, 

Tanta University Hospital, between June 2016 and November 

2016. The study included 40 patients and 10 controls.

The study took approval from the ethical evaluation board 

of Faculty of Medicine, Tanta University. A written informed 

consent was obtained from each patient enrolled in the study. 

The study protocol conforms to the ethical recommendations 

of the 1975 Declaration of Helsinki as contemplated in a 

priori approval by the institution’s human research committee.

The studied cases were divided into 5 groups:

1. Group I (10 patients): Compensated cirrhosis.

2. Group II (10 patients): Cirrhosis with gastrointestinal (GI) 

hemorrhage due to portal hypertension. This was proved 

by upper endoscopy.

3. Group III (10 patients): Cirrhosis with HRS.

4. Group IV (10 patients): Cirrhosis with liver cell failure.

5. Group V (10 controls): Normal healthy individuals.

Diagnosis of cirrhosis depends on clinical‚ biochemical, 

and radiological criteria. Ultrasound diagnosis of cirrhosis 

was according to the criteria adapted by Awaya et al.20 The 

caudate lobe/right lobe ratio is above 0.65, which can be 

indicative of liver cirrhosis, and its sensitivity, specificity, and 

accuracy reach 84%, 100%, and 94%, respectively. HRS was 

defined as renal failure in patients with severe liver disease 

in the absence of any identifiable renal pathology.21

According to Salerno et al,22 criteria for diagnosis of 

HRS were: 1) cirrhosis with ascites; 2) serum creatinine >1.5 

mg/dL‚ no improvement of serum creatinine (a decrease in 

serum <1.5 mg/dL) after 2 days of diuretic withdrawal and 

volume expansion with albumin; 3) absence of shock; 4) no 

current or recent treatment with nephrotoxic drugs; and 5) 

absence of signs of parenchymal renal disease, as suggested 

by proteinuria (>500 mg/dL) or hematuria (>50 red blood 

cells per high-power field) and/or abnormal renal ultrasound. 

All cases were type II HRS.
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compensated cirrhosis
Here, the liver function was maintained‚ with no vascular or 

parenchymatous signs of liver failure.

Patients with cirrhosis and its complications as hepatore-

nal failure, GI hemorrhage due to portal hypertension, or liver 

cell failure were enrolled in the study. Cases with 1) heart 

failure, 2) coronary insufficiency, 3) renal failure apart from 

HRS, 4) polyuria–polydipsia syndromes, and 5) hypotension 

or shock were excluded from the study.

Patients and controls were subjected to detailed history tak-

ing, thorough clinical examination, radiological investigations 

including abdominal ultrasonography, and laboratory investi-

gations, including complete blood picture, random blood sugar, 

liver function tests (alanine aminotransferase [ALT], aspartate 

aminotransferase [AST], bilirubin, and serum albumin). Renal 

function tests included blood urea‚ serum creatinine, and urine 

analysis. Other investigations included estimation of prothrom-

bin time, international normalized ratio (INR), and serum 

Na+. The Child-Pugh and Model for End-stage Liver Disease 

(MELD) score were also estimated (http://optn.transplant.hrsa.

gov/resources/MeldPeldCalculator.asp?index=98). The Child-

Pugh is used to evaluate the prognosis of cirrhosis. Its main 

items include serum bilirubin, albumin, prothrombin time, 

presence of ascites, or HE.23 Measurement of serum copeptin 

by ELISA was done for all patients and controls.

specimen collection
Five milliliters of venous blood sample was collected from 

each patient and control by venipuncture under complete 

aseptic conditions and was divided into three tubes as follows: 

blood was collected in tube containing EDTA for complete 

blood count; blood was collected in a tube containing citrate 

for prothrombin time and INR; the remaining blood was col-

lected in plain tube, and serum was separated for estimation 

of random blood sugar, liver, and kidney function tests and 

serum Na+. The remaining part of the serum was preserved 

at –20°C till the time of copeptin assay.

Measurement of the level of serum 
copeptin
Human copeptin was estimated by using ELISA kits (Cata-

log No. 201-12-5463) provided by Elabscience Company, 

Houston, TX, USA.

Test principle
The kit used a double-antibody sandwich (ELISA) to assay 

the level of human copeptin in samples. Copeptin was added 

to monoclonal antibody enzyme well, which was precoated 

with human copeptin monoclonal antibody followed by incu-

bation. Copeptin antibodies were added‚ labeled with biotin, 

and combined with streptavidin-horseradish peroxidase to 

form immune complex; then, incubation was carried out 

and washed again to remove the uncombined enzyme. Then, 

chromogen solutions A and B were added, the color of the 

liquid changed to blue, and due to the effect of acid, the color 

finally became yellow. The color intensity and the concentra-

tion of copeptin in the sample were positively correlated.

statistical analysis
The results were statistically analyzed by SPSS version 20. 

Comparison of qualitative variables was performed with 

the chi-squared test. Student’s t-test (or a nonparametric 

Mann–Whitney U-test when appropriate) was performed 

for comparisons of continuous data. A P-value <0.05 was 

considered statistically significant.

Results
Regarding liver functions in the studied groups (Table 1), total 

serum bilirubin showed a significant increase in group III vs 

group I and group III vs control. No significant changes were 

detected in group I vs group II, group I vs group IV, group I 

vs control, group II vs group IV, group II vs control, group III 

vs group IV, and group IV vs control. No significant differ-

ence was observed between the studied groups with respect 

to ALT and AST. There was a significant decrease of serum 

albumin in all groups compared with control, except group 

I compared with control.

Regarding Child classification in the studied groups 

(Table 2), group I included 10 cases with Child A. Group II 

included one case with Child A‚ five cases with Child B, and 

four cases with Child C. Group III included four cases with 

Child B and six cases with Child C. Group IV included six 

cases with Child B and four cases with Child C.

There was a significant difference among the four groups 

as regards Child score.

Serum copeptin in the studied groups showed a significant 

decrease in group I vs group II‚ group I vs group III, and group I 

vs group IV (Table 3). There was a significant increase in group 

II vs group III‚ group II vs group IV‚ group II vs control‚ group 

III vs control, and group IV vs control. There was no significant 

difference between group I vs control and group III vs group IV.

Copeptin showed a positive correlation with urea‚ creati-

nine‚ INR‚ and Child score and a negative correlation with 

Na+ and albumin (Table 4).

Copeptin predicted liver disease at a cutoff value of 

7 pmol/L, with different sensitivity and specificity figures 
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Table 1 liver function tests among studied groups

Group I Group II Group III Group IV Control F test P-value

Compensated 
cirrhosis

Cirrhosis with 
GI hemorrhage 
due to PH

Cirrhosis 
with HRS

Cirrhosis 
with liver 
failure

Bilirubin (total) (mg/dl) Range 0.5–1.9 0.8–8.4 0.5–10.8 0.7–3.57 0.5–1.66 4.789 0.003a

Mean±sD 1.19±0.46 1.46±2.27 4.13±3.38 1.75±0.98 0.81±0.35
Tukey’s test P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

0.566 0.010a 0.964 0.992 0.296 0.915 0.307 0.053 0.003a 0.804
alT (U/l) Range 25–44 18–77 13–125 11–70 15–40 1.176 0.334

Mean±sD 34.9±7.50 37.4±18.32 38.5±33.41 38.6±17.88 22.86±7.27
Tukey’s test P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

0.998 0.994 0.993 0.638 0.999 0.999 0.458 0.999 0.384 0.378
asT (U/l) Range 31–89 27–120 10–220 26–180 10–42 2.170 0.088

Mean±sD 54.3±24.66 61.6±34.62 62.8±59.92 77.3±45.49 28.6±9.03
Tukey’s test P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

0.992 0.988 0.674 0.568 0.999 0.899 0.312 0.917 0.286 0.051
albumin (g/dl) Range 3–3.8 1.8–3.34 1.8–2.6 1.4–2.8 3.5–3.97 40.436 0.001a

Mean±sD 3.41±0.26 2.71±0.42 2.22±0.27 2.26±0.48 3.75±0.19
Tukey’s test P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

0.001a 0.001a 0.001a 0.197 0.018a 0.036a 0.001a 0.999 0.001a 0.001a

Notes: P1 (group i and group ii), P2 (group i and group iii), P3 (group i and group iV), P4 (group i and control), P5 (group ii and group iii), P6 (group ii and group iV), P7 
(group ii and control), P8 (group iii and group iV), P9 (group iii and control), and P10 (group iV and control). aSignificant P-value <0.05.
Abbreviations: alT, alanine aminotransferase; asT, aspartate aminotransferase; gi, gastrointestinal; HRs, hepatorenal syndrome; PH, portal hypertension.

Table 2 child score among studied groups

Child score Group Total

Group I Group II Group III Group IV

Compensated 
cirrhosis

Cirrhosis with GI 
hemorrhage due to PH

Cirrhosis 
with HRS

Cirrhosis with 
liver failure

a n 10 1 0 0 11
% 100.0% 10.0% 0.0% 0.0% 27.5%

B n 0 5 4 6 15
% 0.0% 50.0% 40.0% 60.0% 37.5%

c n 0 4 6 4 14
% 0.0% 40.0% 60.0% 40.0% 35.0%

Total n 10 10 10 10 40
% 100.0% 100.0% 100.0% 100.0% 100.0%

chi-
square

χ2 36.689
P-value 0.001*

Note: *Statistically significant.
Abbreviations: gi, gastrointestinal; HRs, hepatorenal syndrome; PH, portal hypertension.

Table 3 serum copeptin (pmol/l) among studied groups

Copeptin 
(pmol/L)

Group I Group II Group III Group IV Control

Compensated 
cirrhosis

Cirrhosis with GI 
hemorrhage due 
to PH

Cirrhosis with HRS Cirrhosis with 
liver failure

Range 4.2–10.6 16.1–28.5 10.2–17.5 7.6–14.8 2.0–7.2

Mean±sD 6.46±1.68 21.08±4.11 13.29±2.72 10.04±2.13 4.29±1.52

F test 63.863
P-value 0.001*
Tukey’s test
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
0.001* 0.001* 0.028* 0.352 0.001* 0.001* 0.001* 0.057 0.001* 0.001*

Notes: P1 (group i and group ii), P2 (group i and group iii), P3 (group i and group iV), P4 (group i and control), P5 (group ii and group iii), P6 (group ii and group iV), P7 
(group II and control), P8 (group III and group IV), P9 (group III and control), and P10 (group IV and control). *Statistically significant.
Abbreviations: gi, gastrointestinal; HRs, hepatorenal syndrome; PH, portal hypertension.
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Discussion
The present study found that copeptin was not elevated in 

compensated cirrhosis compared with control but was sig-

nificantly elevated in GI hemorrhage group. This is in accor-

dance with Solà et al,24 who found that the concentrations 

of copeptin, pro-adrenomedullin, and pro-A-type natriuretic 

peptide were elevated in patients with portal hypertension 

and HVPG above 12 mmHg. This can be due to the complex 

nature of the hyperdynamic disturbances in cirrhosis, involv-

ing a couple of organs and signaling pathways, suggesting 

that the hemodynamic impairment needs to affect peptide 

expression to some degree. Perhaps the hypovolemia associ-

ated with GI hemorrhage could have triggered AVP.

Recent trials have also found a strong correlation between 

copeptin and the degree of liver disease.25 The present study 

found that copeptin was significantly elevated in liver cell 

failure group. This is in accordance with Morgenthaler et 

al,19 who found that AVP concentrations increased with 

worsening of liver function, and this biological marker may 

thus have a prognostic function. Copeptin, the pre-pro-AVP 

C-terminal fragment, is secreted into the serum in equimolar 

quantities to AVP.

Copeptin was also significantly elevated in GI hemorrhage‚ 

HRS, and liver cell failure groups vs compensated cirrhosis 

group. This is in accordance with Kimer et al,26 who found 

that patients with Child A cirrhosis had significantly lower 

concentrations of copeptin compared with Child C cirrhosis.

There was a significant positive correlation between the 

level of copeptin and serum creatinine. This is in accordance 

with Moreno et al.25

There was also a significant negative correlation between 

the copeptin level and serum Na+ and albumin. This is in 

accordance with Solà et al,24 who found that AVP release 

from the neurohypophysis increases in parallel with the 

progression of cirrhosis and with circulatory dysfunction. 

Moreover, they have also suggested the important role of 

AVP in the development of hyponatremia. Also, this accords 

with Ball,27 who found in hypervolemic hyponatremia as in 

cirrhosis that the stimulation of AVP secretion was due to a 

secondary hemodynamic stimulus that showed a moderate 

increase of AVP.

Importantly, hyponatremia in cirrhosis is a frequent event 

well reflecting the severity of portal hypertension and inde-

pendently associated with poor quality of life and mortality.5,28

In our study‚ copeptin showed a significant positive 

correlation with Child score, which is in accordance with 

Moreno et al,25 who found that the copeptin concentrations 

were positively correlated with Child–Pugh score.

Table 4 linear correlation between copeptin and some 
parameters in studied groups

Copeptin

R P

creatinine 0.598 0.036*
Urea 0.685 0.003*
Bilirubin 0.220 0.125
albumin −0.863 0.001*
inR 0.730 0.002*
na −0.810 0.001*
child score 0.898 0.001*
MElD 0.493 0.066

Note: *Statistically significant.
Abbreviations: inR, international normalized ratio; MElD, Model for End-stage 
liver Disease.

Table 5 Sensitivity and specificity of copeptin at a cutoff value of 
7 pmol/l in diagnosis of different groups

Sensitivity Specificity PPV NPV

group i 78 85 83 81
group ii 94 97 96 98
group iii 88 90 91 93
group iV 82 83 89 87

Notes: group i: compensated cirrhosis; group ii: cirrhosis with gastrointestinal 
(gi) hemorrhage due to portal hypertension; group iii: cirrhosis with HRs; group 
iV: cirrhosis with liver cell failure. group V (10 controls): normal healthy individuals.
Abbreviations: PPV, positive predictive value; nPV, negative predictive value.
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Figure 1 ROc of copeptin.
Abbreviation: ROc, receiver operating curve.

according to each group. The compensated cirrhosis group 

exhibited 78% sensitivity and 85% specificity. In GI hem-

orrhage group‚ 94% sensitivity  and 97% specificity was 

observed. The HRS group exhibited 88% sensitivity and 

90% specificity. The liver cell failure group showed 82% 

sensitivity and 83% specificity (Table 5, Figure 1).
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The present study found no correlation between the level 

of copeptin and bilirubin. This is in accordance with Coen-

raad et al,29 who found that copeptin was not correlated with 

bilirubin concentration or INR.

There was a significant positive correlation in the level of 

copeptin with INR. This is not in accordance with Coenraad 

et al,29 who found that copeptin was not correlated with the 

use of diuretics, bilirubin concentration, or INR. This may 

be due to their study done on cases of cirrhosis in general 

and not on specific complication of cirrhosis.

Copeptin predicted liver disease at a cutoff value 7 pmol/L 

with different sensitivity and specificity figures according to 

each group. The compensated cirrhosis group exhibited 78% 

sensitivity and 85% specificity. In GI hemorrhage group‚ 94% 

sensitivity and 97% specificity was observed. The HRS group 

exhibited 88% sensitivity and 90% specificity. The liver cell 

failure group showed 82% sensitivity and 83% specificity. 

We detected that copeptin exhibited higher specificity and 

sensitivity in GI hemorrhage group and HRS group‚ indicat-

ing that it is a sensitive measure of hemodynamics.

Therefore, copeptin can be regarded as a novel prognostic 

marker of liver cirrhosis. There is a significant association 

between serum level of copeptin and complications of liver 

cirrhosis. Copeptin could be a marker for liver disease pro-

gression and follow-up. Being a marker for AVP‚ copeptin 

mirrors the hypovolemic changes due to liver failure. 

Copeptin concentrations increase along with the severity of 

liver disease as well as some of its complication.

The strength of this study is that this work adds an inter-

esting aspect over the previous studies that are the strong 

correlation of copeptin with bleeding varices.

The major limitation of this study that it was conducted 

in a single center on relatively small number of patients.

We recommend that copeptin level could be used in 

the follow-up of cirrhosis and for anticipating its common 

complications. A further study is recommended using larger 

number of patients and longer duration to validate the pres-

ent results.
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