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Abstract
BACKGROUND 
The relationship between copeptin and the severity of circulatory dysfunction and 
systemic stress response in patients with chronic liver disease (CLD) has been 
established. Nevertheless, the potential of serum copeptin levels to predict the 
prognosis of CLD patients remains unclear.

AIM 
To conduct a systematic review and meta-analysis to investigate the correlation 
between serum copeptin and transplant-free survival (TFS) in this population.

METHODS 
To achieve the objective of the meta-analysis, PubMed, Embase, the Cochrane 
Library, and the Web of Science were searched to identify observational studies 
with longitudinal follow-up. The Cochrane Q test was utilized to assess between-
study heterogeneity, and the I2 statistic was estimated. Random-effects models 
were employed to combine the outcomes, taking into account the potential 
influence of heterogeneity.

RESULTS 
Ten datasets including 3133 patients were involved. The follow-up durations were 
1 to 48 mo (mean: 12.5 mo). Overall, it was shown that a high level of serum 
copeptin was associated with a poor TFS [risk ratio (RR): 1.82, 95% confidence 
interval: 1.52-2.19, P < 0.001; I2 = 0%]. In addition, sensitivity analysis by omitting 
one dataset at a time showed consistent results (RR: 1.73-2.00, P < 0.05). Finally, 
subgroup analyses according to study country, study design, patient diagnosis, 
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cutoff of copeptin, follow-up duration, and study quality score also showed similar results (P for subgroup 
difference all > 0.05).

CONCLUSION 
Patients with CLD who have high serum copeptin concentrations may be associated with a poor clinical prognosis.
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Core Tip: Serum copeptin has been related to the severity of circulatory dysfunction and systemic stress response in patients 
with chronic liver disease (CLD). However, little is known about the relationship between serum copeptin and the prognosis 
of patients with CLD. In this systematic review and meta-analysis, evidence from ten datasets including 3133 patients were 
integrated. The results showed that a high level of serum copeptin was associated with a poor transplant-free survival in 
these patients. These findings support the use of serum copeptin as a prognostic biomarker for patients with CLD.
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INTRODUCTION
Chronic liver disease (CLD) patients are more likely to develop complications associated with the progression of the 
disease, such as portal hypertension, ascites, spontaneous bacterial peritonitis, gastroesophageal varices, and hepatic 
encephalopathy[1,2]. For those with advanced CLD (ACLD), the clinical prognosis is generally poor, which has become a 
substantial cause of morbidity and mortality worldwide[3,4]. Accumulating evidence suggests that patients with ACLD 
may have multiple features of circulatory dysfunction, such as incremental intrahepatic vascular resistance, decrease of 
portal blood flow, and a reduced systemic vascular resistance[5,6], all of which could subsequently activate the neuro-
hormonal system for counter regulation, including the upregulated systemic arginine vasopressin (AVP)[7,8]. As a 
biomarker of disease progression, the AVP increment in patients with CLD has been hypothesized as a predictor of poor 
prognosis[9]. However, as a small peptide of nine amino acids, the blood level of AVP is difficult to quantitatively 
analyze due to its short half-life[10]. Copeptin is a 39-amino-acid glycopeptide which contains the C-terminus of AVP 
precursor, making it an effective surrogate marker for AVP release[11,12]. As a result of osmotic stress and osmotic 
stimulation, a high level of copeptin has been demonstrated in patients with ACLD[13,14]. However, it remains unknown 
whether the serum level of copeptin may predict the prognosis of patients with CLD. Therefore, in this study, we 
conducted a systematic review and meta-analysis to investigate the potential association between serum copeptin and 
clinical outcomes in this patient population.

MATERIALS AND METHODS
Throughout the process of planning, conducting, and reporting the study, the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement[15,16] and Cochrane Handbook[17] were followed.

Search of databases
We searched electronic databases including PubMed, Embase, the Cochrane Library, and Web of Science, starting from 
inception and ending April 21st, 2023, for studies that had been published up to that date. The search was performed with 
terms related to our study including: (1) “Copeptin” OR “C-terminal provasopressin”; and (2) “cirrhosis” OR “cirrhotic” 
OR “liver” OR “hepatic” OR “hepatitis”. There was no limitation on the language of the publication in the search for 
human studies. As part of our manual screening process, references from relevant original and review articles were 
screened for possible relevant studies.

Inclusion and exclusion criteria of studies
Inclusion criteria were developed in accordance with PICOS recommendations and according to the aim of the meta-
analysis.

P (patients): Adult patients (18 years or older) with a confirmed diagnosis of CLD; I (exposure): Patients with a high 
serum concentration of copeptin at baseline. Methods for measuring serum copeptin and cutoffs for defining high serum 
copeptin were consistent with those of the original studies; C (control): Patients with a low serum concentration of 
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copeptin at baseline; O (outcomes): Incidence of transplant-free survival (TFS) compared between CLD patients with high 
vs low serum levels of copeptin at baseline. S (study design): Studies with longitudinal follow-up, including cohort and 
case-control studies, as well as post-hoc analyses of clinical trials.

Excluded from the meta-analysis were reviews, editorials, preclinical studies, and studies that did not involve patients 
with CLD, failed to measure serum copeptin, or did not report the relevant outcome. In instances where there was a 
patient population overlap, the study with the greatest sample size was incorporated into the meta-analysis.

Data extraction and quality evaluation
Two of the authors conducted literature searches, data collection, and assessments of study quality independently. In 
instances where discrepancies arose, a third author was consulted for discussion, and a consensus was reached. The 
analysis of studies included the collection of information pertaining to study information, design characteristics, patient 
diagnosis, demographic factors, measuring methods, serum copeptin cutoffs, follow-up durations, and adjusted variables 
for the evaluation of the association between serum copeptin levels and TFS in patients with CLD. In terms of quality, the 
study was scored using the Newcastle-Ottawa Scale[18] based on the criteria for participant selection, the comparability 
of the groups, and the validity of the outcomes. There were nine stars on the scale, with a larger number of stars repres-
enting a higher quality study.

Statistics
Risk ratios (RRs) and corresponding 95% confidence interval (CI) were used as the variables to indicate the association 
between serum concentration of copeptin and the survival of patients with CLD. A logarithmical transformation was 
performed on the RR and its corresponding standard error from each study to stabilize and normalize its variance[19]. In 
order to estimate between-study heterogeneity, the Cochrane Q test and the I2 statistic[20] were used. An I2 > 50% 
indicates that there is significant heterogeneity between studies. The utilization of a random-effects model was employed 
to amalgamate the findings, as it has been acknowledged to encompass the impact of potential heterogeneity[17]. In order 
to assess the impact of individual studies on the meta-analysis outcomes, sensitivity analyses were conducted by 
eliminating one dataset at a time[21]. To ascertain the effect of study characteristics on the outcome, subgroup analyses 
were executed based on the study country, design, patient diagnosis, cutoffs of copeptin, follow-up duration, and study 
quality scores. The subgroups were defined based on the medians of continuous variables. A funnel plot was used to 
estimate publication bias based on visual judgments of symmetry, along with Egger’s regression asymmetry test[22]. The 
statistical analyses were carried out with RevMan (Version 5.1; Cochrane Collaboration, Oxford, United Kingdom) and 
Stata software (version 12.0; Stata Corporation, College Station, TX, United States).

RESULTS
Database search and study retrieval
Figure 1 shows the process of the literature search and study retrieval. Initially, 253 records were obtained from the 
database, and 77 duplicate entries were removed. After screening the titles and abstracts, a further 159 studies were 
removed as they did not fit the meta-analysis’ objectives. Following full-text reviews of 17 studies, eight were excluded 
because of the reasons listed in Figure 1. Accordingly, 9 studies were obtained for subsequent meta-analysis[23-31].

Study characteristics
One of the studies reported two datasets from two cohort studies[26], and these datasets were independently 
incorporated into the meta-analysis. Overall, ten datasets from nine cohort studies[23-31], which included 3133 patients 
with CLD, were used for the meta-analysis. The characteristics of the included studies are summarized in Table 1. These 
studies were published between 2013 and 2021, and performed in European and Asian countries. As for the study design, 
four cohorts were prospective[23,25,26,29], and six were retrospective[24,26-28,30,31]. Patients with cirrhosis were 
included in six cohorts of the included studies[23-27], while patients with various CLD were included in the other four 
cohorts[28-31]. The mean ages of the patients were 49.0 years to 67.3 years, and the proportions of men were 58.2% to 
83.4%. Serum copeptin was measured with the Kryptor immunoassay in eight cohorts[23-28,30], while other methods 
such as enzyme-linked immunosorbent assay and the automated copeptin immunofluorescent assay were used in the 
other two studies[29,31]. A high serum level of copeptin was defined according to receiver operating characteristic 
analysis in four cohorts[24,25,27,31], medians in three cohorts[26,29], tertiles in two cohorts[23,28], and the upper limit of 
normal level in one cohort[30]. The follow-up durations were 1 mo to 48 mo (mean: 12.5 mo). Multivariate regression 
analyses were applied in all of the included studies when the association between serum copeptin and TFS of patients 
with CLD were estimated, and factors including age, sex, and scores for hepatic dysfunction were adjusted, such as the 
Child-Pugh score, the Model for End-Stage Liver Disease score, and the albumin-bilirubin score. Among the included 
studies, all had quality scores between seven and nine stars, indicating that they were of good quality (Table 2).

Meta-analysis results
Overall, pooled results of ten datasets from nine cohort studies showed that a high level of serum copeptin at baseline 
was associated with a poor TFS (RR: 1.82, 95%CI: 1.52-2.19, P < 0.001; Figure 2) with no evidence of significant hetero-
geneity (P for Cochrane Q test = 0.54, I2 = 0%). In addition, sensitivity analysis by omitting one dataset at a time showed 
consistent results (RR: 1.73-2.00, P < 0.05). Finally, subgroup analyses showed that the association between serum 
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Figure 1 Flowchart of database search and study inclusion. ACLD: Advanced chronic liver diseases.

Figure 2 Forest plots for the overall meta-analyses regarding the association between serum copeptin and transplant-free survival of 
patients with chronic liver diseases. 95%CI: 95% confidence interval.

copeptin and poor TFS was consistent between European and Asian studies (P for subgroup difference = 0.16, Figure 3A), 
between prospective and retrospective cohorts (P for subgroup difference = 0.48, Figure 3B), between studies of patients 
with cirrhosis and all CLD (P for subgroup difference = 0.42, Figure 4A), between studies with cutoffs for copeptin < and 
≥ 15 pmol/L (P for subgroup difference = 0.17, Figure 4B), between studies with mean follow-up durations < and ≥ 1 year 
(P for subgroup difference = 0.29, Figure 5A), and between studies with different quality scores (P for subgroup 
difference = 0.14, Figure 5B).

Publication bias
The funnel plots for the meta-analysis of the association between copeptin and TFS in patients with CLD are shown in 
Figure 6. Based on visual examination, the plots are symmetrical, suggesting that publication bias is low. Additionally, 
Egger’s regression tests indicated a low likelihood of publication bias (P = 0.47).
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Figure 3 Forest plots for the subgroup analyses regarding the association between serum copeptin and transplant-free survival of 
patients with chronic liver diseases. A: subgroup analysis according to study country; B: Subgroup analysis according to study design. 95%CI: 95% 
confidence interval.

DISCUSSION
This systematic review and meta-analysis synthesized data from ten cohort studies to investigate the association between 
serum copeptin concentration and poor TFS in patients with CLD. Our findings indicate that patients with a high serum 
copeptin level at baseline are at a greater risk of experiencing poor TFS during follow-up, compared to those with a low 
serum copeptin concentration. The robustness of our results was confirmed through sensitivity analyses that excluded 
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Table 1 Characteristics of the included studies

Ref. Country Design Diagnosis Patient 
number

Mean 
age 
(yr)

Male 
(%)

CP 
class 
C (%)

Methods for 
copeptin 
measuring

Copeptin 
analysis

Median 
follow-
up 
duration 
(mo)

Variables 
adjusted

Moreno et 
al[23], 
2013

France PC Cirrhosis 
(alcohol 84.2%)

125 58 69 33.7 Kryptor 
immunoassay

13 
pmol/L, 
T3:T1-2

11 Age, sex, 
CP Class, 
and CRP

Kerbert et 
al[24], 
2015

The 
Netherlands

RC Cirrhosis 
(alcohol 34.4%, 
viral 18%)

61 54 75.4 31.1 Kryptor 
immunoassay

21.9 
pmol/L, 
ROC 
analysis

12 Age, sex, 
and MELD 
score

Sola 2016-
original

Spain PC Cirrhosis 
(alcohol 43%, 
HCV 34%)

265 60 66 NR Kryptor 
immunoassay

14 
pmol/L, 
median

3 Age, sex, 
MELD 
score, and 
leukocyte 
count

Sola 2016-
validation

Multiple 
European 
countries

RC Cirrhosis 
(alcohol 51%, 
HCV 19%)

120 57 72 NR Kryptor 
immunoassay

19 
pmol/L, 
median

3 Age, sex, 
and MELD 
score

Kerbert et 
al[25], 
2016

The 
Netherlands 
and France

PC Cirrhosis 
(alcohol 70.1%, 
viral 11.4%)

184 55.7 70.7 21.2 Kryptor 
immunoassay

12.3 
pmol/L, 
ROC 
analysis

12 Age, sex, 
CP class, 
and CRP

Kerbert et 
al[27], 
2017

Multiple 
European 
countries

RC Acute 
decompensated 
cirrhosis (alcohol 
61%, HCV 31.9%, 
and HBV 5.7%)

779 58 65.7 NR Kryptor 
immunoassay

13.6 
pmol/L, 
ROC 
analysis

3 Age, sex, 
WBC, 
sodium, 
and MELD 
score

Schneider 
et al[28], 
2019

Germany RC End-stage liver 
disease (alcohol 
63.4%, viral 
8.5%)

615 57.2 61.9 NR Kryptor 
immunoassay

16.3 
pmol/L, 
T3:T1-2

9.3 Age, sex, 
and MELD-
Na score

Zhao et al
[29], 2019

China PC HBV related 
ACLF

151 49 83.4 NR ELISA 18.7 
pmol/L, 
median

1 Age, sex, 
and MELD 
score

Hartl et al
[30], 2021

Austria RC ACLD (alcohol 
36.2%, viral 
35.9%)

663 56.6 68.2 16.5 Kryptor 
immunoassay

11.4 
pmol/L, 
ULN

26.2 Age, sex, 
MELD 
score, 
HVPG, 
albumin, 
sodium, 
and 
presence of 
HCC

Shigefuku 
et al[36], 
2021

Japan RC CLD (alcohol 
45.9%, viral 
57.0%), cirrhosis 
66.5%

170 67.3 58.2 NR Automated 
copeptin immuno-
fluorescent assay

4.8 
pmol/L, 
ROC 
analysis

48 Age, sex, 
eGFR, ALBI 
score, and 
presence of 
HCC

CP: Child-Pugh; PC: Prospective cohort; RC: Retrospective cohort; HBV: Hepatitis B virus; HCV: Hepatitis C virus; ACLF: Acute-on-chronic liver failure; 
ACLD: Advanced chronic liver diseases; CLD: Chronic liver diseases; NR: Not Reported; ELISA: Enzyme-linked immunosorbent assay; T: Tertile; ROC: 
Receiver operating characteristic; ULN: Upper limit of normal; CRP: C-reactive protein; MELD: Model for end-stage liver disease; WBC: White blood cell; 
HVPG: Hepatic venous pressure gradient; HCC: Hepatocellular carcinoma; ALBI: Albumin-bilirubin; eGFR: Estimated glomerular infiltrating rate.

individual datasets and subgroup analyses based on various study characteristics, including country, design, patient 
diagnosis, copeptin cutoffs, follow-up duration, and study quality scores. These findings demonstrate that a high serum 
copeptin level may be a useful index which is associated with poor prognosis for patients with CLD.

To the best of our knowledge, this is the first meta-analysis investigating the potential role of serum copeptin concen-
tration as a prognostic factor of patients with CLD. Several advantages in meta-analysis methodologies deserve to be 
noticed. For example, we performed a comprehensive literature search in four commonly used databases, which could 
provide current evidence regarding the relationship of serum copeptin and TFS of patients with CLD. Furthermore, it is 
noteworthy that all of the studies incorporated in this analysis were cohort studies, implying a potential longitudinal 
correlation between elevated serum copeptin levels and diminished transplant-free survival among individuals with 
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Table 2 Quality evaluation of the included studies via the Newcastle-Ottawa scale

Ref.
Representativeness 
of the exposed 
cohort

Selection 
of the 
non-
exposed 
cohort

Ascertainment 
of exposure

Outcome 
not 
present 
at 
baseline

Control 
for age 
and 
sex

Control for 
other 
confounding 
factors

Assessment 
of outcome

Suitable 
follow-
up 
duration

Adequacy 
of follow-
up of 
cohorts

Total 

Moreno et 
al[23], 
2013

1 1 1 1 1 1 1 0 1 8

Kerbert et 
al[24], 
2015

0 1 1 1 1 1 1 1 1 8

Sola 2016-
original

1 1 1 1 1 1 1 0 1 8

Sola 2016-
validation

0 1 1 1 1 1 1 0 1 7

Kerbert et 
al[25], 
2016

1 1 1 1 1 1 1 1 1 9

Kerbert et 
al[27], 
2017

0 1 1 1 1 1 1 0 1 7

Schneider 
et al[28], 
2019

0 1 1 1 1 1 1 0 1 7

Zhao et al
[29], 2019

1 1 1 1 1 1 1 0 1 8

Hartl et al
[30], 2021

0 1 1 1 1 1 1 1 1 8

Shigefuku 
et al[36], 
2021

1 1 1 1 1 1 1 1 1 9

CLD. Additionally, the utilization of multivariate regression analysis in all of the studies included in this review indicates 
that the relationship between heightened serum copeptin levels and reduced TFS in this population may be autonomous 
of potential confounding factors, such as age, gender, and hepatic dysfunction scores. Ultimately, multiple sensitivity and 
subgroup analyses were executed, and the uniform outcomes reinforced the durability and stability of the conclusions. 
Collectively, these conclusions substantiate that elevated serum levels of copeptin in individuals with CLD may serve as 
an indicator of unfavorable prognosis.

There may be multiple mechanisms underlying the relationship between a high serum copeptin level and a poor 
survival outcome in patients with CLD. Previous studies have shown that a high copeptin level in patients with cirrhosis 
was correlated to the risk of various complications that may lead to a poor prognosis of these patients, such as 
gastrointestinal hemorrhage due to portal hypertension, hepatorenal syndrome, hepatic encephalopathy, and larger 
amounts of ascites[32,33]. Pathophysiologically, as a surrogate marker of AVP, increased copeptin may reflect the 
enhanced systemic release of AVP in these patients[34]. A high AVP in patients with cirrhosis may deteriorate the status 
of vasoconstriction, water retention, and hyponatremia, which have all been recognized as key risk factors for poor 
survival of these patients[35]. The role of copeptin in the pathogenesis and progression of CLD should be further invest-
igated, either as a simple biomarker or an active participant in the disease.

This study is subject to certain limitations. Firstly, the meta-analysis results were predominantly influenced by studies 
involving patients with ACLD, including those with decompensated cirrhosis and other end-stage liver diseases. The 
efficacy of copeptin as a prognostic factor in patients with early CLD requires further validation in future research. 
Additionally, despite the utilization of multivariate regression analyses across all the studies included, the potential for 
residual factors to confound the association between copeptin and TFS cannot be entirely ruled out. For example, serum 
copeptin may predict the response to tolvaptan in patients with decompensated cirrhosis[36]. Accordingly, use of 
treatments such as tolvaptan may confound the association between copeptin and TFS. Furthermore, the determination of 
an optimal serum copeptin cutoff for predicting the survival of patients with CLD remains elusive, necessitating further 
investigation. Moreover, the absence of a causal association between elevated copeptin levels and unfavorable TFS in 
CLD patients is attributable to the reliance on observational studies in the meta-analysis.
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Figure 4 Forest plots for the subgroup analyses regarding the association between serum copeptin and transplant-free survival of 
patients with chronic liver diseases. A: Subgroup analysis according to the diagnosis of the patients; B: Subgroup analysis according to the cutoffs of serum 
copeptin. 95%CI: 95% confidence interval.

CONCLUSION
The findings of the meta-analysis indicate that an elevated serum copeptin concentration in individuals with CLD is 
linked to unfavorable TFS. The assessment of serum copeptin levels may hold significance in the stratification of risk 
among CLD patients. Furthermore, it is imperative to investigate whether the reduction of copeptin levels in these 
patients is correlated with a better clinical outcome, particularly in those with ACLD.
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Figure 5 Forest plots for the subgroup analyses regarding the association between serum copeptin and transplant-free survival of 
patients with chronic liver diseases. A: Subgroup analysis according to the follow-up durations; B: Subgroup analysis according to the study quality scores. 
95%CI: 95% confidence interval.
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Figure 6 Funnel plots for the publication bias underlying the meta-analysis regarding the association between serum copeptin and 
transplant-free survival of patients with chronic liver diseases. RR: Risk ratio.

ARTICLE HIGHLIGHTS
Research background
Patients with chronic liver disease (CLD) will develop various complications with the progression of the disease. 
Upregulated systemic arginine vasopressin (AVP) has been observed in patients with advanced CLD. However, 
measuring AVP is clinically challenging due to the short half-life. Copeptin is a C-terminus of AVP precursor, which may 
be of importance for prognostic prediction in patients with CLD.

Research motivation
Identifying biomarkers that predict the prognosis of patients with CLD is clinically important. Although there are pilot 
studies aiming to correlate copeptin with survival of patients with CLD, the results are not always consistent. In this 
regard, a systematic review with meta-analysis is particularly useful.

Research objectives
To investigate the correlation between serum copeptin and transplant-free survival (TFS) in patients with CLD with a 
systematic review and meta-analysis.

Research methods
Studies were obtained by search of PubMed, Embase, the Cochrane Library, and Web of Science. Two authors 
independently screened the studies, assessed the study quality with Newcastle-Ottawa Scale, and extracted the data. Risk 
ratios and corresponding 95% confidence intervals were used as the variables to indicate the association between serum 
concentration of copeptin and the survival of patients with CLD. The RevMan and Stata software were used for the 
statistical analyses.

Research results
This meta-analysis enrolled ten datasets involving 3133 patients, who were followed for 1 to 48 mo (mean: 12.5 mo). We 
found that a high level of serum copeptin was associated with a poor TFS, with a risk ratio of 1.82. Additionally, 
sensitivity analysis retrieved similar results by omitting one dataset at a time. The robustness of the finding was further 
evidenced by consistent results of subgroup analyses according to study country, study design, patient diagnosis, cutoff 
of copeptin, follow-up duration, and study quality score.

Research conclusions
High serum concentration of copeptin may be associated with a poor clinical prognosis in patients with CLD. These 
findings were not significantly affected by either of the included studies and were not influenced by multiple study 
characteristics within the subgroup analysis.

Research perspectives
In view of the standard methods for the measuring copeptin in clinical practice, as well as the finding of the meta-
analysis, evaluating serum copeptin may be considered at the initial management of patients with CLD, which may 
provide prognostic significance.
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