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Objective: The main purpose of this study is to evaluate the changes in sleep quality among patients with cirrhotic cardiomyopathy 
(CCM).
Methods: The study included liver cirrhosis patients aged 18–75 from Northern Jiangsu People’s Hospital Affiliated to Yangzhou 
University and collected their clinical examination results to assess the clinical characteristics and related risk factors of patients with 
CCM.
Results: The study found that the onset of CCM was not related to the etiology of inducing cirrhosis. Pittsburgh Sleep Quality Index 
(PSQI) score (odds ratio (OR) = 13.476, 95% confidence interval (CI) = 1.514–119.923, P = 0.020), absolute GLS (OR = 0.328, 95% 
CI = 0.210–0.510, P < 0.001), and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (OR = 1.050, 95% CI = 1.025–1.076, P < 
0.001) were identified as independent risk factors for inducing CCM.
Conclusion: In patients with CCM, a decrease in sleep quality often occurs. When cirrhotic patients also have poor sleep quality, 
along with a decrease in absolute Global Left Ventricular Strain (GLS) levels and an increase in NT-proBNP levels, these factors 
may pose a higher risk for CCM development. However, further validation of these research findings is required in larger sample 
sizes.
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Introduction
Cirrhosis is a terminal stage of chronic liver disease characterized by liver necrosis, fibrosis, nodules, and other 
manifestations.1 Decades ago, clinicians first observed circulatory dysfunction in patients with alcoholic cirrhosis.2 

Subsequent research indicated that secondary cardiac functional abnormalities in patients may not be solely due to 
moderate alcohol consumption but could be primarily caused by the progression of cirrhosis itself. Lee introduced the 
concept of “cirrhotic cardiomyopathy (CCM)” to describe the symptom of circulatory dysfunction in cirrhotic patients 
without pre-existing cardiac conditions.3–5 While recent studies have elucidated the relationship between the liver and 
heart, the exact etiology of CCM remains uncertain.6,7

Cirrhotic cardiomyopathy (CCM) is a symptom of circulatory dysfunction in patients with cirrhosis, characterised by 
abnormal cardiac function in the absence of pre-existing cardiac disease. The pathogenesis of cirrhotic cardiomyopathy is 
multifactorial but consists of two broad pathways. The first is due to cirrhosis and synthetic liver failure, with structural 
and functional abnormalities of many substances, including proteins, lipids, hormones and carbohydrates (eg lectins). 
The second is due to portal hypertension, which always accompanies cirrhosis. Portal hypertension leads to leaky, 
congested gut, which leads to endotoxaemia and systemic inflammation. This inflammatory phenotype includes oxidative 
stress, apoptosis and inflammatory cell infiltration.8
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Sleep is a necessary physiological activity for humans, which promotes physical recovery through regulating the 
variation of body temperature and metabolic processes between day and night, and influences memory, organizing 
information collected during the day, and controlling emotional fluctuations by regulating brain states.9–13

However, people are often troubled by insomnia due to physiological or psychological factors.14 According to related 
studies, half of the population has experienced insomnia in the past year, and even one-third of individuals are disturbed 
by insomnia every night.15–17 Furthermore, as age increases, the frequency and duration of awakenings during sleep also 
increase annually.18

Insomnia can also have a significant impact on various aspects of life. For example, insufficient sleep often leads to 
physical fatigue, poor mental state, irritability, anxiety, depression, and emotional instability, as well as cognitive 
decline.19–23 Over time, it can even affect immune function and increase the incidence of cardiovascular and cerebro-
vascular diseases.24–28 Research also suggests that a portion of the decreased quality of life in patients with chronic 
illnesses may be attributed to inadequate sleep quality.28,29

LV remodelling (left ventricular remodelling) is an adaptive change in the heart in response to injury or stress loads, 
which may lead to changes in cardiac structure and function. In patients with CCM, LV remodelling is an important 
diagnostic basis, in which impaired systolic function may be one of the diagnostic criteria for CCM.30 NT-proBNP 
(N-terminal B-type natriuretic peptide precursor) is a biomarker released by cardiac myocytes in response to stress or 
injury, and is commonly used to assess cardiac function and the severity of heart failure. Studies have shown that serum 
levels of NT-proBNP are significantly elevated in patients with CCM, suggesting that it may serve as one of the 
diagnostic indicators of CCM and is associated with disease progression and poor patient prognosis.31 Although the 
direct causal relationship between insomnia and CCM has not been clearly established, some studies have suggested that 
decreased sleep quality may be associated with impaired cardiac function.32 We found that patients with poor sleep 
quality were often accompanied by elevated NT-proBNP levels, which may imply that poor sleep quality may exacerbate 
the burden on the heart.

Research has confirmed the impact of sleep disorders in patients with heart failure. Studies have found that 50–70% 
of heart failure patients also have sleep problems, and insomnia is suspected to be an independent risk factor for heart 
failure.33–35 However, so far, there have been no related studies published on the relationship between sleep status and 
clinical manifestations and outcomes in patients with chronic congestive myopathy. Therefore, the primary goal of this 
study is to innovatively evaluate the sleep quality of patients with chronic congestive myopathy and explore the 
relationship between sleep quality and factors assessing heart function status. The rationale for this study is that it 
aims to fill the knowledge gap on the relationship between cirrhotic cardiomyopathy and sleep quality. By prospectively 
assessing sleep quality in patients with CCM, we are able to better understand the potential link between cardiac 
functional status and sleep quality and provide important information for future treatment and intervention.

Materials and Methods
Inclusion and Exclusion Criteria
This study was conducted in accordance with the ethical standards of the Declaration of Helsinki and was approved by 
the Ethics Committee of Northern Jiangsu People’s Hospital Affiliated to Yangzhou University. Informed consent was 
obtained from all individual participants included in the study. The prospective analysis of this study included cirrhotic 
patients admitted to the Department of Gastroenterology from Jan 2022 to Jan 2024, excluding patients with other 
underlying diseases. In addition, patients who have undergone liver transplantation or transjugular intrahepatic porto-
systemic shunt procedures are also not the target population of this study. All patients participating in this study have 
signed informed consent.

Echocardiographic Evaluation
For the patients included in the study, we collected their basic information. After admission, we obtained a 12-lead 
electrocardiogram to evaluate the patients’ risk of myocardial ischemia and arrhythmias, and collected venous blood for 
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laboratory tests of relevant parameters. We graded the liver function of the selected subjects using the Child-Pugh score 
and the Albumin-Bilirubin (ALBI) grade.

Doppler echocardiography was performed by experienced echocardiologists following the guidelines, and relevant 
parameters were collected.

Epworth Sleepiness Scale (ESS) Evaluation
We use the translated into Mandarin version of the Epworth Sleepiness Scale (ESS) to assess patients’ daytime 
sleepiness, which consists of 8 sections, each using a 4-point rating scale, with a total score of 24. A higher score 
indicates a higher tendency for daytime sleepiness.

PSQI Evaluation
Similarly, we also use the Mandarin version of a Pittsburgh Sleep Quality Index (PSQI) scale that includes 7 main 
sections subdivided into 18 items to assess patients’ sleep quality and sleep status.36,37

Statistical Analysis
The statistical analysis will be performed using IBM SPSS Statistics 26.0. Quantitative parameters will be presented as 
mean ± standard deviation. Group differences will be evaluated using either Student’s t-test or the Mann–Whitney 
nonparametric test. Categorical data will be expressed as percentages and compared using the chi-square test. Multiple 
regression analyses will be conducted to identify risk factors for the occurrence of CCM. Receiver Operating 
Characteristic (ROC) analysis will be utilized to determine sensitivity, specificity, and the area under the curve (AUC) 
for sleep quality and cardiac impairment indices. A p-value below 0.05 will be considered statistically significant.

Results
Study Population
Out of the 198 cirrhosis patients initially screened, 135 were included in the analysis after exclusions (see Figure 1). 
Using the 2020 CCM diagnostic criteria, the patients were divided into two groups: 45 patients in the CCM group and 90 
patients in the non-CCM group. Table 1 presents a detailed overview of the baseline characteristics for each group.

Comparison of Baseline Information
Alcohol (n = 37, 27.4%) was the most common etiology of cirrhosis among the patients, followed by viral hepatitis (n = 
35, 25.9%). The prevalence of CCM was not associated with the cause of cirrhosis (P = 0.081). Despite patients with 
Child-B/C cirrhosis displaying an increased risk of CCM compared to Child-A patients, this difference did not reach 

Figure 1 Patient enrollment flowchart.
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statistical significance. Likewise, patients with ALBI grade 2/3 cirrhosis exhibited a higher likelihood of developing 
CCM than those with ALBI grade 1, although the difference was not statistically significant.

Serum laboratory indices, such as hemoglobin (P = 0.687), hematocrit (P = 0.945), leucocyte (P = 0.532), platelet (P = 
0.958), glucose (P = 0.377), urea (P = 0.499), creatinine (P = 0.972), albumin (P = 0.054), AST (P = 0.375), ALT (P = 
0.428), total bilirubin (P = 0.709), and prothrombin time (P = 0.069), showed no significant differences between the two 
groups. Nonetheless, NT-proBNP levels were significantly higher in patients with CCM compared to those without CCM 
(121.79 vs 60.91; P = 0.011).

Comparison of Echocardiographic Characteristics
In Table 2, echocardiographic parameters were compared between CCM patients and non-CCM patients. CCM patients 
showed a significantly higher E/e’ ratio (12.54 ± 0.82 vs 6.89 ± 0.56; P = 0.009) compared to non-CCM patients. 

Table 1 Demographic Distribution of Groups

Variable CCM Group(n=45) Non-CCM Group(n=90) P-value

Age(years), mean± SD 55.23±9.08 51.48±7.54 0.106
Sex, male, n(%) 25(55.5) 44(48.9) 0.294

BMI(kg/m2), mean± SD 27.0±4.96 26.3±5.13 0.959

HP, mean± SD (bpm/min) 77.55±7.05 76.48±7.89 0.434

Aetiology of cirrhosis, n (%)

Viral hepatitis 6(13.3) 29(32.2) 0.081
Alcohol 15(33.3) 22(24.4)
NAFLD/NASH 2(4.4) 8(8.9)

Cryptogenic 4(8.9) 8(8.9)

PSC/PBC 8(17.8) 15(16.7)
Other causes 10(22.2) 8(8.9)

Biochemical parameters, mean± SD

Hb (g/dL) 12.86±1.88 13.12±1.84 0.687

Hematocrit (%) 40.64±4.41 41.42±4.44 0.945
Leucocyte (K/μL) 7.36±1.26 6.59±1.46 0.532

Platelet (K/μL) 120.28±52.83 138.57±53.24 0.958

Glucose (mg/dL) 119.76±41.33 127.25±46.87 0.377
Urea (mg/dL) 36.98±7.61 42.18±7.27 0.499

Creatinine (mg/dL) 0.89±0.19 0.77±0.19 0.972

Albumin (mg/dL) 3.44±0.45 3.19±0.56 0.054
AST (U/dL) 21.66±6.69 21.16±7.55 0.375

ALT (U/dL) 28.24±8.72 28.13±9.47 0.428

T.bil. (mg/dL) 1.38±0.45 1.54±0.42 0.709
PT (sec) 15.91±2.96 17.08±3.77 0.069

NT-proBNP (mmol/mL) 121.79±51.28 60.91±37.64 0.011

Child-Pugh class, n(%)

Class A 14(31.1) 33(36.7) 0.523
Class B/C 31(68.9) 57(63.3)

ALBI class, n(%)

ALBI-1 11(24.4) 24(26.67) 0.781
ALBI-2/3 34(75.6) 66(73.33)

Abbreviations: PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; T.bil, total bilirubin; PT, 
prothrombin time; sec, second; Hb, hemoglobin; BMI, Body Mass Index; NAFLD, nonalcoholic fatty liver 
disease; NASH, nonalcoholic steatohepatitis.
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Furthermore, the deceleration time was higher in CCM patients (219.44 ± 47.59) than in non-CCM patients (216.95 ± 
34.87; P = 0.008). Left ventricle end diastolic volume was lower in CCM patients (45.15 ± 6.07) compared to non-CCM 
patients (46.02 ± 10.37; P = 0.001). Despite both groups having normal LVEF values (62.14 ± 6.93 vs 58.14 ± 6.44; P = 
0.724), CCM patients had a significantly lower absolute GLS value (18.25 ± 1.86 vs 21.33 ± 1.30; P = 0.018). Isovolumic 
ventricular relaxation time showed no significant difference (P = 0.090) between the two groups, as did left ventricle end 
systolic volume (P = 0.054).

Comparison of ESS and PSQI Scores
Patients with CCM had significantly higher PSQI scores, indicating poorer sleep quality compared to controls (p< 0.001), 
as shown in Table 3. Despite having a longer sleep duration, individuals with CCM reported longer sleep latency, more 
sleep disturbances, and daytime dysfunctions. Interestingly, there was no difference in daytime somnolence between 
patients with CCM and controls, reflected in similar scores on the Epworth Sleepiness Scale. Furthermore, an analysis 
within the study group revealed a potential weak association between markers of cardiac injury (Figure 2A), absolute 
GLS (Figure 2B), and the overall PSQI score.

Table 2 Comparison Echocardiographic Characteristics Between 
Groups

Characteristics CCM Group 
(n=45)

Non-CCM Group 
(n=90)

P-value

e′, cm/sec 6.14±1.34 8.98±1.49 0.236

E/e′ ratio 12.54±0.82 6.89±0.56 0.009
IVRT, ms 98.79±17.69 86.56±14.88 0.090

E/A ratio 1.76±0.25 0.66±0.23 0.28

DT, ms 219.44±47.59 216.95±34.87 0.008
LVEF, % 62.14±6.93 58.14±6.44 0.724

LVEDV, mL 45.15±6.07 46.02±10.37 0.001
LVESV, mL 24.10±4.86 23.74±6.53 0.054

Absolute GLS, % 18.25±1.86 21.33±1.30 0.018

Abbreviations: e′, early diastolic mitral annular velocity; E/A, early diastolic mitral 
inflow velocity/late diastolic; E/e′ ratio, E-wave transmitral/early diastolic mitral annular 
velocity; EF, ejection fraction; IVRT, isovolumic ventricular relaxation time; LV, left 
ventricle; LVEDV, LV end diastolic volume; LVESV, LV end systolic volume; GLS, global 
longitudinal strain; DT, deceleration time.

Table 3 ESS Scores, PSQI Components Scores and Global Scores for 
Both Groups

Characteristics CCM Group 
(n=45)

Non-CCM Group 
(n=90)

P-value

ESS 6(4–12) 7(3–11) 0.052

Subjective sleep quality 1(1–2) 1(0–1) <0.001

Sleep latency 2(1–2) 1(0–1) <0.001
Sleep duration 1(0–2) 2(1–2) 0.107

Sleep efficiency 0(0–2) 0(0–1) 0.001

Sleep disturbances 1(1–2) 1(1) <0.001
Use of sleep medications 0(0) 0(0) 1.000

Daytime dysfunction 1(0–2) 0(0–1) 0.563

Global PSQI score 7(5–10) 4(3–7) <0.001
PSQI>4 34(75.55%) 43(47.78%) 0.001

Notes: Variables with a skewed distribution are presented as medians (interquartile range).
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Multiple Logistic Regression Analysis of Factors Associated with the Occurrence of 
Cirrhotic Cardiomyopathy
After conducting stepwise multiple logistic regression analysis, independent predictors of CCM were identified as the 
PSQI score (odds ratio (OR) = 13.476, 95% confidence interval (CI) = 1.514–119.923, P = 0.020), absolute GLS (OR = 
0.328, 95% CI = 0.210–0.510, P < 0.001), and NT-proBNP level (OR = 1.050, 95% CI = 1.025–1.076, P < 0.001) (refer 
to Table 4). The ROC curves, displayed in Figure 3, indicate the predictive performance of PSQI score, absolute GLS, 
and NT-proBNP values for CCM.

Discussion
In 2005, experts proposed corresponding diagnostic criteria for CCM, a disease characterized by pathological physiological 
mechanisms of ventricular remodeling and clinical manifestations of cardiac dysfunction. Impaired systolic function may be 
one of the diagnostic criteria for CCM. However, due to the insidious onset of the disease, which often occurs in patients with 
advanced liver cirrhosis, diagnosis of CCM is easily overlooked.38–40 Current data remain very limited. It is worth noting that 
diastolic dysfunction is common in patients with cirrhosis and is associated with increased risk of mortality. The present study 
focused on the association between sleep quality and cirrhotic cardiomyopathy (CCM). It was found that the onset of CCM 
does not depend on the specific etiology leading to cirrhosis. Patients with CCM had significantly poorer sleep quality, as 
assessed by the Pittsburgh Sleep Quality Index (PSQI), and higher PSQI scores (p<0.001). Compared to controls, patients with 
CCM reported longer sleep latency, more sleep disturbances, and more severe daytime dysfunction. As CCM progresses, the 
increased cardiac burden may lead to repeated hospitalisations or limitations in daily activities, which may further affect their 
sleep quality and reduce their quality of life. Studies have suggested that poor sleep quality may be an important prognostic 
factor in patients with CCM, which is associated with not only poor sleep quality, but also reduced levels of left ventricular 

Figure 2 Correlation between global PSQI score and (A) NT-proBNP, (B) Absolute GLS.

Table 4 Logistic Regression Analysis of Factors Associated with Occurrence of 
Cirrhotic Cardiomyopathy

Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

E/e′ ratio 1203626.109 - 0.993

DT 1.002 0.993–1.011 0.728
LVEDV 0.990 0.951–1.029 0.599

Absolute 

GLS

0.305 0.206–0.453 <0.001 0.328 0.210–0.510 <0.001

NT- 

proBNP

1.03 1.019–1.042 <0.001 1.050 1.025–1.076 <0.001

PSQI>4 0.309 0.140–0.686 0.004 13.476 1.514–119.923 0.020
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longitudinal strain (GLS) and increased levels of N-terminal B-type natriuretic peptide proteins (NT-proBNP), which 
collectively constitute a higher risk for the development of CCM.

Researchers in the field of myocardial injury have been exploring noninvasive cardiac markers for accurate diagnosis, 
some of which can trigger left ventricular changes that play a significant role in the development of dilated cardiomyo-
pathy (CCM). NT-proBNP has emerged as a sensitive serum biomarker for myocardial injury, with elevated levels 
indicating a heightened risk of cardiovascular disease. In a study by Henriksen et al, it was discovered that high levels of 
serum NT-proBNP were linked to advanced cirrhosis, left ventricular systolic dysfunction, and poor patient outcomes.41 

In the present study, echocardiography played an important role in assessing the functional status of the heart in patients 
with cirrhosis. The results showed that patients with CCM had a significantly higher E/A ratio, which reflects the 
impaired diastolic function of the heart. E/A ratio is an important indicator for assessing the diastolic function of the 
heart, and its elevation implies that the heart’s ability to fill up with blood during diastole is reduced, which may increase 
the risk of cardiovascular disease. In addition, the results found that serum NT-proBNP levels were significantly higher in 
patients with CCM than in non-CCM patients, suggesting that elevated serum NT-proBNP concentrations could be an 
important indicator for identifying those at risk for CCM. At the same time, the study also found that absolute GLS levels 
were decreased in patients with CCM. Although the exact mechanism is not fully understood, GLS is often considered 
a sensitive indicator of myocardial function. Its decline may reflect diminished myocardial contractility or strain, which is 
consistent with impaired cardiac function in patients with CCM.

Poor sleep quality has long been recognised as an important contributing factor to a wide range of diseases, including 
heart disease. Sleep deprivation or sleep disruption not only affects an individual’s daily functioning and quality of life, 
but is also closely associated with a range of health problems such as cardiovascular disease, metabolic disorders, and 
decreased immune system function. In this study, we found a significant correlation between poor sleep quality and the 
development of cirrhotic cardiomyopathy (CCM). Specifically, as assessed by the Pittsburgh Sleep Quality Index (PSQI), 
patients with CCM had significantly higher PSQI scores than non-CCM patients, suggesting that they had poorer sleep 
quality. This result implies that sleep quality may play a potentially important role in the pathogenesis of CCM and 
provides new insights into the relationship between sleep and heart health.

Further analyses revealed that PSQI scores correlated with a variety of CCM-related factors. These factors included, 
but were not limited to, cardiac damage markers, absolute left ventricular sphericity index (GLS), and serum N-terminal 

Figure 3 Comparison of amphiregulin with other indicators, such as PSQI score, absolute GLS and NT -proBNP for the diagnosis of CCM by areas under the receiver 
operating curves (AUROCs).
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B-type natriuretic peptide proteins (NT-proBNP) levels. Cardiac injury markers and GLS are important parameters for 
assessing cardiac function and structure, whereas NT-proBNP levels are strongly associated with cardiac load and degree 
of heart failure. The association of PSQI scores with these factors found in this study may imply that poor sleep quality 
not only directly affects patients’ psychological status and daily functioning, but may also exacerbate the progression of 
CCM by affecting cardiac function and structure. Therefore, improving sleep quality may be a new way to prevent and 
treat CCM.

Reviewing previous studies, predictors of CCM mainly include severity of liver disease, cardiac function para-
meters, and serum markers.42 However, these predictors still have some limitations in comprehensively assessing the 
risk of CCM. In this study, a more comprehensive CCM prediction model was constructed by incorporating a new 
dimension of sleep quality. The model not only considered the traditional liver- and heart-related factors, but also 
incorporated PSQI scores, which resulted in a more accurate assessment of the risk of developing CCM. The strength 
of this model is that it provides a deeper understanding of the pathogenesis of CCM and offers new strategies for 
personalised treatment and risk management. However, it is worth noting that this study is a single-centre study with 
a limited sample size, and thus the constructed predictive model needs to be validated in further large-scale studies. In 
the future, with the accumulation of more data and in-depth studies, we expect to develop more accurate and reliable 
CCM prediction tools, which can provide more powerful support for patients’ health management and clinical 
treatment.

While the study had adequate power for data analysis, the classification of cirrhotic patients based on recent CCM 
criteria resulted in small subgroups, potentially affecting statistical relevance. Furthermore, being a single-center study 
with a limited sample size, there is a possibility of biased results. To better comprehend the current prevalence of CCM, 
future studies should involve larger multicenter prospective investigations. The study being solely cross-sectional, there 
was no subsequent follow-up of cirrhotic patients to explore CCM’s impact on the emergence of other cirrhosis 
complications. Additionally, the study utilized a sleep questionnaire to evaluate subjective sleep quality, although the 
complete elucidation of the new findings’ mechanisms remains incomplete.

Conclusion
In patients with CCM, a decrease in sleep quality often occurs. When cirrhotic patients also have poor sleep quality, 
along with a decrease in absolute GLS levels and an increase in NT-proBNP levels, these factors may pose a higher risk 
for CCM development. However, further validation of these research findings is required in larger sample sizes.

Disclosure
The authors report no conflicts of interest in this work.
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