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Aims Liver fibrosis was associated with adverse outcomes in various cardiovascular diseases. The current risk stratification of non-
ischemic dilated cardiomyopathy (NIDCM) still largely depends on the left ventricular ejection fraction (LVEF). At present,
the relationship between liver fibrosis and prognosis in patients with NIDCM remains blank.

Methods A total of 433 NIDCM patients were analysed in this study. Liver fibrosis was assessed by three liver fibrosis scores

and results (LFS), including aspartate aminotransferase to platelet ratio index (APRI), aspartate aminotransferase/alanine amino-

transferase ratio (AST/ALT ratio), and gamma-glutamyltransferase to platelet ratio (GPR). The primary endpoint
was defined as all-cause mortality or heart transplantation (ACM/HTx). During a median follow-up period of 1.7 years,
140 ACM/HTx events occurred. Positive associations were observed between LFS and ACM/HTx. Patients with ele-
vated APRI, AST/ALT ratio, and GPR scores exhibited increased ACM/HTx (all P < 0.05). Intermediate-to-high APRI
[hazard ratio (HR) 1.66, 95%CI 1.06-2.61, P=0.027], AST/ALT ratio (HR 1.59, 95%Cl 1.07-2.36, P=0.021), and
GPR (HR 1.64, 95%Cl 1.11-2.42, P =0.013) were independently associated with increased risk of ACM/HTx, even
after adjusting for LVEF and other covariates. The positive relationship remains consistent across different subgroups,
including those with diabetes and obesity.

Conclusions Elevated liver fibrosis scores were associated with a worse outcome beyond LVEF in patients with NIDCM, which may pro-
vide additional prognostic value in the management of NIDCM.
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Introduction disease with high mortality rates.* At present, the risk stratification of

Non-ischemic dilated cardiomyopathy (NIDCM) is a non-ischemic
heart muscle disease of unknown cause and characterized by left ven-
tricular or biventricular dilatation and systolic dysfunction.” NIDCM is
the leading indication of heart transplantation in both adolescents
and elders.”® Despite advancements in pharmacological and device
therapies in the past few decades, NIDCM remains a progressive

NIDCM largely depends on the left ventricular ejection fraction
(LVEF), but its performance is unsatisfactory. Therefore, identifying po-
tential risk factors is of great significance for the clinical management of
NIDCM.

Liver fibrosis is a reversible pathological process. Without interven-
tion, liver fibrosis could progress to irreversible cirrhosis and liver car-
cinoma eventually. It’s estimated that 3.6—9% of the general population
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might have liver fibrosis.> The cardiovascular and hepatology systems
have close associations, and moderate-to-severe hepatic fibrosis is an
independent risk factor for cardiovascular events in patients with
heart failure with preserved ejection fraction or coronary artery dis-
ease.’ "% Liver cirrhosis could lead to cirrhotic cardiomyopathy,
characterized by hyperdynamic circulation, myocardial systolic and
diastolic dysfunction, and electrophysiological abnormalities."
However, the effect of liver fibrosis, which is considered a pre-stage
of cirrhosis, on the prognosis of cardiomyopathy remains unknown.
This study aims to investigate the association between liver fibrosis
and the prognosis of NIDCM.

Studying liver fibrosis is challenging as it is often asymptomatic. Liver
biopsy is the gold standard for diagnosing liver fibrosis and evaluating
the severity of liver fibrosis."> However, it is an invasive procedure
with potential complications, making it unsuitable for routine examin-
ation in all patients. In recent years, liver fibrosis scores (LFS) such as
aspartate aminotransferase to platelet ratio index (APRI), aspartate
aminotransferase/alanine aminotransferase ratio (AST/ALT ratio), and
gamma-glutamyltransferase to platelet ratio (GPR) have been reported
as safe, effective, and non-invasive diagnostic methods for liver fibro-
sis.">~"® Elevated LFS were associated with adverse outcomes in various
cardiovascular diseases.®® The present study aimed to investigate the
relationship between LFS and the clinical outcomes in patients with
NIDCM.

Methods
Study population

From January 2010 to October 2011, we recruited 572 consecutive
NIDCM patients at the National Center for Cardiovascular Diseases
(Fuwai Hospital, China). This study was a retrospective analysis of pro-
spectively collected data. The inclusion criteria were patients who were di-
agnosed as NIDCM, which was based on the World Health Organization
definition: (i) left ventricular end-diastolic diameter (LVEDD) more than 56
millimetres and LVEF less than 45% in echocardiography; (i) no severe cor-
onary artery disease in the last 6 months, including coronary artery stenosis
>70%, history of myocardial infarction, or infarcted segments shown by
single-photon emission computed tomography; (iii) not caused by hyper-
tension, valvular disease or other aetiologies. The exclusion criteria were
as follows: (i) patients with missing clinic data or lost to follow-up; (i) pa-
tients treated with corticosteroids or antithyroid therapy within 1 month;
(i) patients who lack laboratory test; (iv) patients with a history of heart
transplantation; (v) patients with hepatitis B/C virus infection. Finally, our
study included 433 NIDCM patients. All included patients were Asian.
This study complied with the Declaration of Helsinki. The study was ap-
proved by the Institutional Review Board Committee of Fuwai Hospital.
All patients who participated in the study have provided written informed
consent.

Study design

The primary endpoint was all-cause death or heart transplantation (ACM/
HTx). Follow-up was conducted by professional staff by phone every 6
months according to the follow-up schedule. Mortality caused by accidents
was considered censored data and the follow-up was censored at the time
of death. Patients lost to follow-up were censored at last contact with them.

Parameters

Lipid profiles and biochemical indicators were assessed through blood
chemical analysis. Liver functions were tested by liver blood tests. Blood
samples were collected in the morning at a fasting state after admission
by intravenous blood collection. LVEF and LVEDD were obtained via trans-
thoracic echocardiography.

As shown in Supplementary material online, Table S1, this study calcu-
lated three LFS, including aspartate aminotransferase-platelet ratio index
(APRI), AST/ALT ratio, and gamma-glutamyl transferase to platelet ratio
(GPR). These scores were calculated from clinical variables and blood

markers. According to the cut-off value in previous studies, LFS were di-
vided into low and intermediate-to-high scores, corresponding to the
low, and intermediate-to-high risk.

Statistical analysis

Continuous variables were presented as mean and standard deviation, and
comparisons were conducted using Students’ t-tests. Categorical variables
were presented as counts and percentages, and comparisons were conducted
using the * test. The correlation between LFS and echocardiographic para-
meters were examined using Spearman or Pearson rank correlations. The
predictive ability was evaluated using the area under the receiver operating
characteristic curves. Cumulative event rates during follow-up were analysed
using Kaplan—Meier analysis. The association between LFS and outcomes was
assessed using the Cox proportional hazard regression model. To examine
the relationship between continuous LFS and outcomes, a restricted cubic
spline analysis was performed. Subgroup analysis was conducted to further
evaluate the relationship between LFS and the endpoint. The adjusted vari-
ables were based on independent predictors for the primary endpoint and
clinically relevant variables. Stepwise regression analysis was used to identify
independent risk predictors by including variables with P < 0.1 in univariable
Cox analysis (see Supplementary material online, Table $2). The final adjusted
variables were shown as the following: old age, male sex, body mass index
(BMI), New York Heart Association (NYHA) heart function class Ill-IV, dia-
betes mellitus, smoking, drinking, LVEF, LVEDD, high-sensitive C reactive pro-
tein, total cholesterol, total thyroxine, and low-density lipoprotein
(LDL)-C. Statistical analysis was performed using R 4.0.3 software (R founda-
tion). P < 0.05 was considered statistically significant.

Results

Study patients

A total of 433 patients with NIDCM were enrolled in this study. the aver-
age age was 51.1 years old and 72.3% were males. The baseline character-
istics of patients were shown in Table 1. Compared to patients without
ACM/HTX, patients with ACM/HTx had higher scores of APRI, AST/
ALT ratio, and GPR. Patients with ACM/HTx are younger and more likely
to have NYHA class IV, but less likely to have diabetes mellitus. Meanwhile,
patients with ACM/HTx had higher levels of LVEDD, thyroid-stimulating
hormone, total thyroxine, and gamma-glutamy! transpeptidase, but lower
levels of LVEF, free trilodothyronine, high-density lipoprotein (HDL)-C,
uric acid, high-sensitivity C-reactive protein, and albumin.

Liver fibrosis scores and outcomes

During a median follow-up of 1.7 years, the incidence of ACM/HTx was
32.3% (140 events). As shown in Table 2, compared with patients in the
low-score group, intermediate-to-high scores of APRI, AST/ALT ratio,
and GPR exhibited increased rates of ACM/HTx (all P < 0.05). Similarly,
in the Kaplan—Meier analysis (Figure 1), compared with patients in the
low-score group, the event-free survival rates of patients with an
intermediate-to-high score of APRI, AST/ALT ratio, and GPR de-
creased significantly (all P < 0.05).

In unadjusted Cox regression analysis (Table 3), compared to pa-
tients with low scores, patients with intermediate-to-high scores of
APRI (HR 2.04, 95%Cl 1.43-2.92, P<0.001), AST/ALT ratio (HR
1.44, 95%Cl 1.02-2.02, P=0.039), and GPR (HR 2.23, 95%CIl 1.60—
3.12, P=10.001) had significantly increased risk of ACM/HTx. In ad-
justed Cox regression analysis, the relationships between LFS and
ACM/HTx were consistent. Compared with patients with low scores,
patients with intermediate-to-high scores of APRI (HR 1.66, 95%CI
1.06-2.61, P=0.027), AST/ALT ratio (HR 1.59, 95%Cl 1.07-2.36,
P =0.021), and GPR (HR 1.64, 95%Cl 1.11-2.42, P = 0.013) exhibited
significantly elevated ACM/HTx.

In further analysis of restricted cubic spline analysis (Figure 2), as con-
tinuous variables, APRI and GPR were positively and nonlinearly asso-
ciated with ACM/HTx. Besides, in the subgroup analysis divided by age,
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Table 1 Baseline characteristics

Variables Overall cohort (n =433) With ACM/HTx (n=140) Without ACM/HTx (n=293) P-value

Demographic characteristics

Age 51.1 (14.0) 48.0 (13.0) 52,6 (14.2) 0.001
Male 313 (723) 97 (69.3) 216 (73.7) 0.3%6
BMI 245 (74) 235 (4.2) 25.0 (84) 0.059
New York Heart Association function class <0.001
| 11(25) 0 (0.0) 1(3.8)

Il 84 (19.4) 8(5.7) 76 (25.9)

Il 179 (41.3) 50 (35.7) 129 (44.0)

v 159 (36.7) 82 (58.6) 77 (26.3)

Diabetes mellitus 80 (18.5) 17 (12.1) 63 (21.5) 0.027
Smokers 202 (46.7) 62 (44.3) 140 (47.8) 0.563
Echocardiography parameters

Left ventricular ejection fraction 320 (9.7) 27.7 (8.0) 34.0 (9.8) <0.001
Left ventricular end-diastolic diameter 68.8 (10.9) 74.7 (11.6) 66.0 (9.3) <0.001
Laboratory test

Thyroid-stimulating hormone 3.6 (99) 55(11.6) 2.7 (89) 0.006
Free triiodothyronine 2.7 (0.5) 2.5 (0.5) 2.8 (0.5) <0.001
Free thyroxine 1.3(0.3) 1.3(0.3) 1.3(0.3) 0.181
Total triiodothyronine 1.0 (0.3) 1.0 (0.3) 0.9 (04) 0.084
Total thyroxine 7.9 (2.1) 8.2 (2.0) 4(23) <0.001
Triglyceride 1.6 (1.1) 15(0.7) 7(1.3) 0.066
Total cholesterol 44(1.1) 43 (1.1) 4(1.1) 0.172
Low-density lipoprotein cholesterol 2.6 (0.8) 26 (0.9) 6 (0.8) 0.904
High-density lipoprotein cholesterol 1.0 (0.3) 0.9 (0.3) .0 (0.3) <0.001
Blood glucose 55 (1.6) 54(1.7) 6(1.6) 0.113
Creatine 95.9 (32.3) 99.1 (37.2) 94.4 (29.6) 0.163
Platelet 195.0 (60.2) 189.3 (62.6) 197.7 (58.9) 0.179
White blood cell count 25.7 (385.2) 77 (23) 34.3 (468.3) 0.501
Lymphocyte count 2.0 (1.9) 1.8 (0.7) 0 (2.3) 0.271
Monocytes count 0.7 (1.0) 0.7 (1.2) .6 (0.2) 0171
Uric acid 468.3 (170.6) 454.5 (152.4) 497.1 (201.1) 0.015
High sensitivity C-reactive protein 54 (44) 48 (42) .7 (4.5) <0.001
AST 31.9 (46.3) 37.8 (62.9) 29.0 (35.5) 0.063
ALT 435 (78.8) 51.9 (104.3) 39.5 (62.9) 0.124
y-glutamyl transferase 77.6 (92.7) 97.2 (112.8) 68.3 (79.8) 0.002
Albumin 40.8 (4.0) 40.2 (4.3) 41.1 (3.8) 0.03
Liver fibrosis scores

APRI 0.5 (0.6) 0.6 (0.7) 0.4 (0.6) 0.026
AST/ALT ratio 1.0 (0.5) 1.0 (0.5) 0.9 (0.5) 0.049
GPR 0.4 (0.6) 0.6 (0.7) 0.4 (0.5) 0.002

BMI, body mass index; NYHA classification, New York Heart Association class; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AST, aspartate
transaminase; ALT, alanine transaminase; APRI, aspartate aminotransferase to platelet ratio index; AST/ALT ratio, aspartate aminotransferase to alanine aminotransferase ratio; GPR,
v-Glutamyl transferase to platelet ratio.

sex, BMI, diabetes mellitus, smoking, LDL-C, LVEDD, and LVEF, com- 0.590 (95%Cl 0.527-0.654), 0.550 (95%Cl 0.487-0.614), and 0.642
pared to patients with low scores, patients with intermediate and (95%Cl 0.581-0.703), respectively (Figure 3).
high scores of APRI, aspartate transaminase (ASLT)/ALT ratio, and

GPR were positively correlated with ACM/HTx as well (see Liver fibrosis scores and
Supplementary material online, Figures S1-S3). To investigate the pre-

dictive ability of the LFS, we performed the receiver operating charac- echocardiographic Parameters
teristic curve (ROC) analysis of 1-year ACM/HTx-free survival. APRI, As shown in Table 4, GPR is strongly and significantly correlated with
AST/ALT ratio, and GPR had the area under the ROC (AUC) of LVEF (R=-0.157, P=0.001). Correlations were weaker between
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Table 2 Incidence of ACM/HTx

Variables Events Percentage P-value
APRI <0.001
Low (n = 345) 96 278
Intermediate-to-high (n = 88) 44 50.0

AST/ALT ratio 0.025
Low (n=196) 52 26.5
Intermediate-to-high (n = 237) 88 371

GPR <0.001
Low (n=255) 60 235
Intermediate-to-high (n = 178) 80 449

APRI, aspartate aminotransferase to platelet ratio index; AST/ALT ratio, aspartate
aminotransferase to alanine aminotransferase ratio; GPR, y-glutamyl transferase and
platelet ratio; ACM/HTX, all-cause death or heart transplantation.

APRI and LVEDD (R=0.106, P =0.027) as well as between GPR and
LVEDD (R=0.109, P=0.023).

Discussion

This study demonstrated that the elevated LFS, including APRI, AST/
ALT ratio, and GPR, were associated with the elevated risk of ACM/
HTx in NIDCM patients. These findings remained consistent after mul-
tivariable adjustment and the positive relationship were observed
across various subgroups based on age, sex, diabetes mellitus status,
BMI, smoking status, LDL-C, LVEDD, and LVEF. Compared to patients
with low scores, those with intermediate-to-high APRI, AST/ALT ratio,
and GPR had a significantly higher risk of ACM/HTx, ranging from 1.59
to 1.66 times. These results suggest that LFS could independently pre-
dict adverse outcomes in NIDCM patients.

Despite advancements in therapeutic drugs and devices, the progno-
sis of NIDCM remains poor.'® Therefore, identifying high-risk indivi-
duals is crucial for clinical management. At present, the risk
stratification of patients with NIDCM largely depends on LVEF, which
has limited value in clinical practice a because a great amount of mor-
tality also occurs in patients without severely reduced ejection fraction.

The liver disease has the potential to impact cardiac function.
Mechanistically, liver cirrhosis could lead to a state of hyperdynamic cir-
culation, characterized by an increased in cardiac output and heart rate,
as well as decreased peripheral resistance and arterial pressure. This
condition could contribute to the development of heart failure and is
closely linked to adverse outcomes. Additionally, it is known that car-
diac dysfunction could be severe enough to result in liver dysfunction.
Elevated LFS have been found to predict adverse outcomes in various
cardiovascular diseases,”®"”18 including coronary artery disease, is-
chaemic stroke, and heart failure with preserved ejection frac-
tion.”"? Liver fibrosis is considered to serve as crucial link
between chronic liver injury and liver cirrhosis.

However, no prior studies have investigated whether liver fibrosis is
associated with adverse outcomes in NIDCM. Given the estimated global
prevalence of liver fibrosis in up to 9% of patients, it is important to assess
its relationship with the prognosis of NIDCM. NIDCM, along with systol-
ic and diastolic cardiac dysfunction, may contribute to liver fibrosis
through potential mechanisms. In NIDCM, the heart muscle weakens
and enlarges, which could lead to congestive heart failure and increased
blood pressure in the hepatic veins. This, in turn, could cause liver con-
gestion and increased pressure within the liver, activating the hepatic stel-
late cells, and resulting in the development of liver fibrosis.”***
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Figure 1 The Kaplan—Meier analysis for ACM/HTx according to liver
fibrosis scores. APRI, aspartate aminotransferase to platelet ratio index;
AST/ALT ratio, aspartate aminotransferase to alanine aminotransferase

ratio; GPR, gamma-glutamyl transpeptidase to platelet ratio.
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Table 3 Univariable and multivariable Cox regression
analysis of ACM/HTx according to liver fibrosis scores.

Variables HR 95%ClI

Univariable Cox regression

APRI

Low (n=345) 1

Intermediate-to-high (n = 88) 2.04 (1.43-2.92) <0.001
AST/ALT ratio

Low (n=196) 1

Intermediate-to-high (n =237) 1.44 (1.02-2.02) 0.039
GPR

Low (n=255) 1

Intermediate-to-high (n = 178) 2.23 (1.60-3.12) 0.001
Multivariable Cox regression

APRI

Low (n=345) 1

Intermediate-to-high (n = 88) 1.66 (1.06-2.61) 0.027
AST/ALT ratio

Low (n=196) 1

Intermediate-to-high (n =237) 1.59 (1.07-2.36) 0.021
GPR

Low (n=255) 1

Intermediate-to-high (n = 178) 1.64 (1.11-242) 0.013

HR, hazard ratio; 95% Cl, 95% confidential interval; APRI, aspartate aminotransferase to
platelet ratio index; AST/ALT ratio, aspartate aminotransferase to alanine
aminotransferase ratio; GPR, y-glutamyl transferase to platelet ratio; ACM/HTX,
all-cause death or heart transplantation.

Taking the role of right atrial pressure (RAP), systolic pulmonary ar-
tery pressure (sPAP), and tricuspid regurgitation pressure gradient
(TRPG) as an example. Elevated RAP, sPAP, and TRPG are examples
of factors that reflect increased pressure in the right atrium. These
factors could increase inferior cava pressure on the sinusoidal liver
bed due to a lack of valves in hepatic veins,>>® facilitating liver fibrosis.
Additionally, systolic and diastolic cardiac dysfunction could lead to
decreased cardiac output, which can activate the renin—angiotensin—
aldosterone system and sympathetic nervous system.?” These sys-
tems could promote inflammation and oxidative stress, activating
hepatic stellate cells and contributing to liver fibrosis. Moreover, de-
creased cardiac output can result in reduced oxygen delivery to the
liver, leading to increased angiogenesis, a contributing factor to liver
fibrosis.2®

In our study, we observed a significant correlation between in-
creased LFS (including APRI, AST/ALT ratio, and GPR) and an elevated
risk of ACM/HTx in patients with NIDCM even beyond LVEF. This
finding expands our understanding of the relationship between liver
fibrosis and cardiomyopathy. On the other hand, elevated LFS might
indicate more severe cardiac disease, as supported by the lower LVEF
in this group. However, after adjusting for traditional risk factors, in-
cluding LVEF and NYHA class, we found that elevated liver markers
are associated with worse outcomes beyond LVEF in patients with
NIDCM. This study suggests the importance of assessing liver fibrosis
status when evaluating the prognosis of NIDCM. In the future, mar-
kers of hepatic fibrosis or inflammation, such as fibro scan, may be
routinely performed in these patients. Our study emphasizes the
need for screening the severity of liver fibrosis among patients with
NIDCM.
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Figure 2 Restricted cubic spline analysis for ACM/HTx according to
liver fibrosis scores. APRI, aspartate aminotransferase to platelet ratio
index; AST/ALT ratio, aspartate aminotransferase to alanine amino-
transferase ratio; GPR, gamma-glutamyl transpeptidase to platelet ratio.
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Table 4 Correlation between liver fibrosis scores and
echocardiographic parameters

Correlation P-value
coefficient
APRI
Left ventricular ejection fraction -0.035 0.464
Left ventricular end-diastolic diameter 0.106 0.027
AST/ALT ratio
Left ventricular ejection fraction -0.034 0.478
Left ventricular end-diastolic diameter —0.022 0.646
GPR
Left ventricular ejection fraction -0.157 0.001
Left ventricular end-diastolic diameter 0.109 0.023

APRI, aspartate aminotransferase to platelet ratio index; AST/ALT ratio, aspartate
aminotransferase to alanine aminotransferase ratio; GPR, y-glutamyl transferase to
platelet ratio.

Limitation

First, the patients have been recruited from January 2010 to October
2011. Since then, certain advances have been made in the treatment of
patients with non-ischaemic dilated cardiomyopathy and the results
have to be interpreted in this context. Second, due to limited echocardio-
graphic reports in our centre, certain echocardiographic parameters, such
as inferior vena cava diameter, right-ventricular systolic dysfunction, and
pulmonary hypertension were not included in this study. Third, this study
was conducted at a single centre, and it would be valuable to validate the
findings in a multicenter setting. Fourth, the absence of liver sonography
and elastography imaging limits the ability to rule out structural hepatic

alterations in the included patients. Fifth, adjustment for natriuretic pep-
tide levels, which could be a potential confounding factor, was not per-
formed in this study. Finally, congestive hepatopathy could impact liver
enzymes and subsequently LFS. While we adjustments were made for
LVEDD and NYHA functional classification, which could indirectly adjust
for congestion, direct adjustments for congestion in general and hepatic
congestion in particular are lacking in this study.

Conclusions

This study demonstrates that elevated LFS, such as APRI, AST/ALT ratio,
and GPR, were associated with a higher risk of adverse outcomes in
NIDCM patients, independent of LVEF. These LFS can be utilized for risk
stratification in NIDCM to identify patients who have a poorer prognosis.
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