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Background. The purpose of the present study was to investigate the impact of D-dimer-to-albumin ratio (DAR) on outcomes in
patients with hepatitis B virus-associated decompensated cirrhosis (HBV-DeCi).Methods. A total of 172 HBV-DeCi patients were
enrolled. Logistic regression was used to explore the association between DAR and 30-day mortality. The area under the receiver
operating characteristic curve (AUC) was used to evaluate the performance of DAR for predicting mortality. Results. The 30-day
mortality was 19.8%. DAR was clearly higher in the nonsurvivors compared with the survivors, and increasing DAR was
associated with an increasing risk of death. DAR was independently associated with mortality and its AUC for mortality was
equivalent to that for Model for End-Stage Liver Disease score. Conclusions. DAR may be a potential prognostic marker for
mortality in HBV-DeCi patients.

1. Introduction

Cirrhosis is one of the major causes of mortality worldwide and
accounts for approximately 1million deaths each year [1]. Hep-
atitis B virus (HBV) infection is the leading cause of cirrhosis in
China [2]. Cirrhosis can be classified into two stages, compen-
sated and decompensated, according to whether the disease
accompanied by complications such as variceal bleeding, asci-
tes, and encephalopathy [3]. Decompensated cirrhosis (DeCi)
patients have poor outcomes and an estimated 5-year mortality
rate of 85% [4]. Although liver transplantation improves the
survival of DeCi patients, it is not widely used in clinical settings
because of the insufficient numbers of donors, substantial costs,
and immunological responses after transplantation. Therefore,
it is important to establish an objective, accurate, and simple
prognostic model that can identify high-risk patients and help
guide clinicians when adjusting treatment strategies.

D-dimer is a fibrin degradation product, and abnormal
plasma D-dimer levels have been detected in patients with

thromboembolic events [5, 6], myocardial infarction [7],
infection [8], autoimmune diseases [9], and various carcino-
mas [10–13]. Recent studies further showed that elevated
plasma D-dimer levels can predict poor prognosis in
patients with liver diseases [14–16]. Meanwhile, serum albu-
min is a simple marker that reflects nutritional status, and
several studies have demonstrated associations between low
serum albumin levels and unfavorable outcomes in acutely
ill patients [17–19]. Therefore, it can be hypothesized that
the combination of D-dimer and albumin levels may provide
an accurate and convenient prognostic indicator for certain
clinical problems. Küçükceran et al. [20] recently investi-
gated a novel parameter called D-dimer-to-albumin ratio
(DAR) as a marker for prediction of poor outcomes in
COVID-19 patients. They suggested that DAR is a more
valuable than any other parameter for predicting mortality.
However, as far as we know, no published article investi-
gated the relationship between DAR and the prognosis of
HBV-DeCi.
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Herein, we present an observational study to elucidate
whether DAR could serve as a potential effective marker for
30-day mortality in hospitalized patients with HBV-DeCi.

2. Materials and Methods

2.1. Patients. The present study consecutively recruited 224
HBV-DeCi patients who were admitted to our hospital from
December 2019 to February 2021. DeCi was defined by the
development of ascites, encephalopathy, jaundice, or hepator-
enal syndrome [21]. We excluded patients with (1) underlying
liver diseases (e.g., other viral hepatitis, autoimmune, alcohol-,
or drug-related liver diseases), (2) tumors, (3) hematologic dis-
orders, (4) incomplete data, and (5) elderly age (≥75 years).
Figure 1 shows a flow diagram for the 52 patients who were
excluded and the 172 patients who were finally included in
the study. Patients received antiviral therapy and supportive
treatment after hospitalization. The primary outcome was
survival at day 30.

2.2. Ethics Statement. The study was performed according to
the Declaration of Helsinki, and the procedures were approved
by the Ethics Committee of the Shengzhou People’s Hospital
and The First Affiliated Hospital of the Medical College at
Zhejiang University in China (approval number: 2018[598]).

2.3. Data Collection. Demographic and laboratory values,
including sex, age, total protein, albumin, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total bilirubin,
creatinine, international normalized ratio (INR), D-dimer level,
platelet count, and 30-day outcome, were derived from the
institutional database. Biochemical values were measured using
a Hitachi 7600 analyzer (Hitachi, Tokyo, Japan). Hematologi-
cal parameters were measured using a Sysmex XE-2100
analyzer (Sysmex, Kobe, Japan). The D-dimer and INR were
measured with a Sysmex CA1500 full-automatic analyzer
(Sysmex Corp, Hyogo, Japan). The normal plasma D-dimer
level at our hospital laboratory is less than 0.170mg/L fibrino-
gen equivalent units (FEU). DAR was calculated as D-dimer
level (mg/L) divided by albumin level (g/dL). At baseline, liver

disease severity was assessed using the Model for End-Stage
Liver Disease (MELD) score [22].

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS version 23 orMedCalc version 11.5 software. Statis-
tical significance was defined as P < 0:05. Variables were
presented as median with interquartile range or number. The
demographic and clinical characteristics were compared using
the Mann–Whitney test or χ2 test as appropriate. The associa-
tion between DAR and MELD score was evaluated by Spear-
man correlation analysis. Univariate and multivariate logistic
regression analyses were performed to identify independent
risk factors for mortality in HBV-DeCi patients. Receiver
operating characteristic (ROC) curves were drawn, and the
areas under the curves (AUCs) were calculated to compare
the prognostic performances of individual parameters.

3. Results

3.1. Patient Characteristics. A total of 172 HBV-DeCi patients
were included in the present retrospective study. The main
clinical events for hospitalization were uncontrolled ascites

224 HBV-DeCi patients from our hospital

52 patients were excluded:

Co-infection with hepatitis A/C/D/E virus (n = 14)

Drug-related liver diseases (n = 5)

Alcohol-related liver diseases (n = 6)

Autoimmune liver disease (n = 5)

Hematologic disorder (n = 3)

Incomplete data (n = 7)

Tumors (n = 7)

Old than 75 years (n = 5)

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

172 patients were included

Figure 1: Flow chart of the included participants.
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Figure 2: Scatter plots illustrating the positive correlation between
DAR and MELD score (r = 0:226, P = 0:003) in HBV-DeCi patients.
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in 135 patients (78.5%), variceal bleeding in 57 (33.1%), clini-
cal jaundice in 86 (50.0%), hepatorenal syndrome in 16 (9.3%),
and hepatic encephalopathy in 18 (10.5%). The median serum
DAR was 0.73 (range, 0.28–1.20). DAR had a positive correla-
tion with MELD score (Figure 2).

Thirty-four patients had died by 30 days after admission.
The causes of death were liver failure (n = 7; 20.6%), hepatore-
nal syndrome (n = 10; 29.4%), variceal bleeding (n = 7; 20.6%),
and hepatic encephalopathy (n = 10; 29.4%). We divided the
patients into nonsurvivors (n = 34) and survivors (n = 138)
(Table 1). There were no significant differences in total protein,
ALT, AST, platelet count, age, and sex between the two groups.
However, significant differences were observed between the
two groups for serum albumin, MELD score, total bilirubin,
creatinine, INR, DAR, and D-dimer level (all P < 0:05).

3.2. Factors Associated with Mortality. The factors associated
with poor outcomes in the univariate analyses included
MELD score, D-dimer, DAR, and serum albumin. In the
multivariate analysis, DAR and MELD score remained asso-
ciated with mortality (Table 2). ROC curve analyses were
performed to assess the values of MELD score and DAR
for predicting prognosis. Baseline MELD score had a cutoff
value of 16.2, with sensitivity of 88.2% and specificity of
56.5%, while DAR had a cutoff value of 1.07, with sensitivity
of 61.8% and specificity of 77.5%. DAR had an AUC of

0.745, which was comparable to that for MELD score
(AUC = 0:797; Z = 1:015; P = 0:310) (Figure 3).

3.3. Clinical and Laboratory Findings Related to DAR. Based
on the DAR cutoff value of 1.07 determined in the ROC

Table 1: Comparisons of baseline characteristics between the survivors and the nonsurvivors.

All patients (n = 172) Non-survivors (n = 34) Survivors (n = 138) P

Gender (female/male) 30/142 9/25 21/117 0.195

Age (years) 50.0 (43.0-58.5) 49.5 (40.0-57.0) 50.0 (44.0-59.0) 0.890

Total protein (g/dL) 5.86 (5.37-6.29) 5.72 (5.27-6.30) 5.89 (5.43-6.29) 0.284

Albumin (g/dL) 3.00 (2.75-3.37) 2.89 (2.62-3.19) 3.02 (2.77-3.41) 0.042

ALT (U/L) 67.0 (29.5-204.0) 71.0 (38.0-237.0) 64.5 (29.0-182.0) 0.312

AST (U/L) 73.0 (41.0-151.5) 75.0 (48.0-182.0) 73.0 (40.0-129.0) 0.250

Serum creatinine (μmol/L) 66.0 (57.5-79.0) 74.5 (58.0-120.0) 65.5 (57.0-75.0) 0.025

Total bilirubin (μmol/L) 171.4 (40.5-340.4) 278.9 (131.0-422.6) 146.5 (35.0-332.9) 0.003

INR 1.52 (1.29-1.85) 1.96 (1.52-2.42) 1.47 (1.26-1.76) <0.001
Platelet (×109/L) 83.5 (54.5-118.0) 77.5 (63.0-130.0) 84.0 (53.0-115.0) 0.722

D-dimer (mg/L) 2.14 (0.89-3.79) 3.82 (2.18-6.18) 1.86 (0.82-3.01) <0.001
DAR 0.73 (0.28-1.20) 1.33 (0.76-2.35) 0.66 (0.24-1.04) <0.001
MELD score 16.8 (11.2-21.2) 21.7 (18.5-25.7) 14.8 (10.1-20.2) <0.001
Data are expressed as number or median (interquartile range). Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; INR:
international normalized ratio; DAR: D-dimer-to-albumin ratio; MELD: Model for End-Stage Liver Disease.

Table 2: Factors associated with mortality of HBV-DeCi patients identified by logistic regression analyses.

Univariate Multivariate
Odds ratio 95% CI P Odds ratio 95% CI P

Albumin (g/dL) 0.915 0.842-0.995 0.037

MELD score 1.239 1.137-1.349 <0.001 1.209 1.107-1.319 <0.001
D-dimer (mg/L) 1.533 1.271-1.850 <0.001
Age (years) 0.999 0.967-1.032 0.949

DAR 3.027 1.847-4.960 <0.001 2.433 1.417-4.177 0.001

Abbreviations: DAR: D-dimer-to-albumin ratio; MELD: Model for End-Stage Liver Disease.
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Figure 3: ROC curves showing the prognostic performances of
DAR and MELD score for prediction of poor outcomes in HBV-
DeCi patients.
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curve analysis, the 172 participants were divided into a high
DAR group (>1.07; n = 52) and a low DAR group (≤1.07;
n = 120). The 30-day mortality rate was 40.4% (21/52) in
the high DAR group, compared with 10.8% (13/120) in the
low DAR group. The high DAR group also had lower albu-
min, higher MELD score, higher ALT, higher D-dimer, and
higher INR than the low DAR group (Table 3).

4. Discussion

DeCi is a syndrome with a high risk of death, but prediction
of its clinical outcomes is challenging. In the present cohort,
34 patients (19.8%) had died by 30 days after admission.
This mortality rate was higher than the rates of approxi-
mately 10% found in previous studies involving cirrhosis
patients [23–25]. The discrepancy may arise from differ-
ences in the etiology or pathophysiology of the liver diseases
in the patients enrolled in the studies. In a previous review of
118 studies, the 1-year mortality of cirrhosis patients was
found to vary greatly from 1% to 57% based on the compli-
cations involved [26]. To improve outcomes, it is vital to
identify high-risk patients and carefully select the therapeu-
tic interventions. The MELD score is one of the most widely
used indices for hepatic disease severity and was previously
shown to predict mortality in liver diseases [22, 27, 28]. The
MELD score involves three objective parameters: total bilirubin,
INR, and creatinine. However, it has some drawbacks. First, it
does not incorporate some important factors (hepatic encepha-
lopathy and systemic inflammation) that can affect the progno-
sis of patients [29]. Second, it requires complex calculations and
is inconvenient for routine practice. The present study explored
the impact of DAR on outcomes in HBV-DeCi patients. DAR
was found to be markedly increased in the nonsurvivors com-
pared with the survivors. Furthermore, DAR was identified as
a surrogate predictor of 30-day mortality in the multivariate
analysis, and DAR at admission had an equivalent prognostic
value to the MELD score. However, DAR involves evaluation
of only two common biomarkers and is more convenient to

use than theMELD score.Moreover, a recent study showed that
low HDL-C level had a significant correlation with poor sur-
vival in HBV-DeCi patients. Our study indicates that DAR
can also be used to predict prognosis in these patients [30].

The mechanism for the association between elevated DAR
and HBV-DeCi prognosis involves many factors and remains
poorly understood. The present results showed that elevated
DAR could be attributed to increased D-dimer and decreased
albumin. In previous studies, increased D-dimer was detected
in several severe diseases and was linked to unfavorable out-
comes in critically ill patients [31, 32]. Recently, a large multi-
center cohort study showed that increased D-dimer was
independently linked to adverse outcomes in critically ill
patients with COVID-19 and further indicated that elevated
D-dimer may be a general biomarker of disease severity rather
than reflecting a unique pathophysiology driving mortality
[33]. In other words, increased D-dimer may indicate a hyper-
coagulation state, but initiation of therapeutic anticoagulation
on detection of increased D-dimer may be too late to change
the pathological process. Numerous studies have indicated that
elevation of D-dimer may reflect an underlying hypercoagula-
ble state or inflammatory process or may itself be pathogenic
[34–37]. Another study proposed that increased D-dimer
may be associated with the complex pathogenesis of liver
diseases, and they suggested that D-dimer is not only an index
of the activation of fibrinolysis, but can also indicate systemic
inflammation [16]. Meanwhile, serum albumin is exclusively
produced by the liver and can reflect liver function, an impor-
tant indicator during assessment of liver synthetic function and
hypoalbuminemia that accounts for increased mortality in
cirrhosis patients [38, 39]. Although plasma D-dimer and
serum albumin levels were both identified as predictors of
mortality in univariate analyses, neither were identified as pre-
dictors of mortality in the multivariate analysis carried out in
the present study. This may arise because DAR, as a ratio, is
more stable than its individual parameters, whichmay be influ-
enced by factors such as hydration level or specimen handling.
The study also revealed a positive correlation between DAR

Table 3: Clinical data according to DAR values.

Low group (DAR >1.07, n = 52) High group (DAR ≤1.07, n = 120) P

Gender (female/male) 10/42 20/100 0.851

Age (years) 51.5 (44.0-57.5) 50.0 (42.0-59.0) 0.506

Total protein (g/dL) 5.89 (5.55-6.40) 5.83 (5.33-6.26) 0.146

Albumin (g/dL) 2.84 (2.40-3.10) 3.10 (2.86-3.48) <0.001
ALT (U/L) 40.5 (30.0-143.5) 77.5 (29.0-223.0) 0.101

AST (U/L) 72.5 (45.0-128.5) 73.0 (41.0-155.5) 0.901

Total bilirubin (μmol/L) 137.0 (50.5-333.2) 216.5 (39.0-347.0) 0.681

INR 1.69 (1.46-2.19) 1.45 (1.24-1.72) <0.001
Serum creatinine (μmol/L) 66.0 (57.0-94.5) 66.0 (57.5-78.0) 0.324

D-dimer (mg/L) 4.36 (3.82-6.12) 1.33 (0.64-2.20) <0.001
Platelet (×109/L) 82.5 (52.5-130.0) 83.5 (55.0-114.5) 0.899

MELD score 18.2 (14.5-23.3) 15.8 (10.4-20.6) 0.010

30-day mortality (yes/no) 21/31 13/107 <0.001
Data are expressed as number, or median (interquartile range). Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; DAR: D-
dimer-to-albumin ratio; INR: international normalized ratio; MELD: Model for End-Stage Liver Disease.
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and MELD score and showed that increasing DAR was corre-
lated with increasing risk of death, suggesting that DAR is
closely linked to disease severity and hepatic dysfunction. Thus,
we propose that DARmay be useful for evaluation of prognosis
in HBV-DeCi patients. Further research is required to elucidate
the underlying mechanism.

5. Conclusions

In summary, the present study suggests that DAR is a useful
adjunctive marker for prediction of prognosis in HBV-DeCi
patients. DAR is simple to calculate and can be used for early
identification of poor outcome groups. However, the present
study was limited by its retrospective nature and small
sample size. Therefore, more studies are necessary to validate
the findings.

Abbreviations

ALT: Alanine aminotransferase
AST: Aspartate aminotransferase
AUCs: Areas under the curve
CI: Confidence interval
DAR: D-dimer-to-albumin
DeCi: Decompensated cirrhosis
HBV: Hepatitis B virus
INR: International normalized ratio
MELD score: Model for end-stage liver disease
ROC: Receiver operating characteristic.
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