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Abstract

Background: Identification of effective and accurate prognostic biomarkers for hepa-
titis B virus-associated decompensated cirrhosis (HBV-DeCi) is challenging. This study
was designed to determine and compare the prognostic value of albumin-related ra-
tios (blood urea nitrogen-to-albumin ratio [BAR], C-reactive protein-to-albumin ratio
[CAR], prothrombin time-international normalized ratio-to-albumin ratio [PTAR], neu-
trophil count-to-albumin ratio [NAR], and D-dimer-to-albumin ratio [DAR]) in HBV-
DeCi patients.

Methods: We retrospectively recruited 161 HBV-DeCi patients. Receiver operating
characteristic curve, DeLong test, and Cox regression analyses were used to estimate
and compare the predictive value of these five albumin-related ratios and Model for
End-Stage Liver Disease (MELD) score.

Results: A total of 29 (18.0%) patients had died 30 days after admission. The prognos-
tic roles of CAR, DAR, PTAR, NAR, and BAR in HBV-DeCi were different. CAR, PTAR,
NAR, and BAR were significantly higher in non-survivors compared with survivors.
However, DAR did not differ between the two groups. The predictive power of BAR
was superior to that of the other four albumin-related biomarkers and similar to that
of MELD score. On multivariate analysis, BAR and MELD score were identified as
independent prognostic factors, and the combination of BAR and MELD score may
improve the prognostic accuracy in HBV-DeCi.

Conclusion: The present findings suggest that BAR may be a simple and useful prog-

nostic tool to predict mortality in HBV-DeCi patients.
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1 | INTRODUCTION

In Asia, hepatitis B virus (HBV) is the major cause of liver cirrhosis.!
Decompensated cirrhosis (DeCi) is a terminal liver disease characterized
by various complications and associated with dramatically reduced sur-

vival.># Liver transplantation is the most effective therapy for HBV-DeCi.

However, the lack of available donors, potential for immunological rejec-
tion, and substantial cost restricts its application.” Therefore, effective
clinical risk assessment and stratification of HBV-DeCi patients would
be useful to achieve timely management and decrease mortality.

The Model for End-Stage Liver Disease (MELD) score is the most

commonly used scoring system for liver function assessment and serves
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as an independent risk predictor for prognosis. However, the score re-
quires complex calculations and is inconvenient for routine practice.
Furthermore, the score is affected by diuretics, bleeding, and ascites, and
thus its prediction accuracy is limited and unsatisfactory. In clinical prac-
tice, the prognosis of HBV-DeCi patients is difficult to predict because it
is affected by many unstable factors, including inflammation, complica-
tions, and therapeutic options. These factors may be associated with the
complex pathophysiological mechanism of HBV-DeCi. Consequently, it
is necessary to combine relevant parameters and construct models that
can effectively predict the prognosis of HBV-DeCi patients.

Serum albumin is considered a biomarker of malnutrition-
inflammation syndrome, and there is emerging data that hypoalbu-
minemia is related to worse survival in intensive care unit patients.7'9
Albumin has multiple functions and plays important roles in liver
disease severity, progression, and prognosis. First, albumin is a neg-
ative acute-phase reactant and decreases in response to inflamma-
tion, thereby serving as an inflammation marker. Second, albumin is
synthesized in the liver and can reflect the liver synthetic function,
an important indicator for assessment of hepatic function. Third, al-
bumin is a marker that reflects nutritional status, and low albumin is
often associated with malnutrition. Decreased albumin is a common
complication in cirrhotic patients that can lead to ascites and hepatic
encephalopathy, and even a tendency toward spontaneous bacterial
peritonitis, and has a negative impact on prognosis.>!* Recently,
the clinical usefulness of albumin-related biomarkers available from
routine testing has been reported in various diseases, including liver
diseases, such as C-reactive protein-to-albumin ratio (CAR),12'14
D-dimer-to-albumin ratio (DAR),*® prothrombin time-international
normalized ratio-to-albumin ratio (PTAR),***® neutrophil count-
to-albumin (NAR),¥?! and blood urea nitrogen-to-albumin ratio
(BAR).2%2% However, no studies have investigated the differences
in prognostic value of these albumin-related ratios in HBV-DeCi
patients. Therefore, we conducted this retrospective study to de-
termine and compare the prognostic value of these albumin-related
ratios and their clinical utility in HBV-DeCi patients in China.

2 | MATERIALS AND METHODS

2.1 | Study population participants

We recruited HBV-DeCi patients between March 30, 2019, and May
30, 2021. This study design was approved by the Ethics Committee
of the Shengzhou People's Hospital. DeCi was defined by clinical,
biochemical, and endoscopic findings, together with presence of
ascites, gastrointestinal bleeding, hepatorenal syndrome, or hepatic
encephalopathy.® All patients presented with clinical manifestations
of decompensated liver disease for the first time. The inclusion crite-
ria were (1) HBsAg positivity for >6 months and (2) age between 18
and 75 years. The exclusion criteria were (1) co-infection with HIV;
(2) malignant tumors; (3) underlying liver disease (e.g., other viral
hepatitis and alcohol- or drug-related liver diseases); and (4) compli-
cation with cardiac diseases or blood-system diseases. All patients

received antiviral therapy from the start date. The primary outcome

was 30-day survival.

2.2 | Clinical data collection

Demographic and clinical parameters, including gender, age, labo-
ratory variables (total bilirubin, total protein, albumin, blood urea
nitrogen [BUN], creatinine, aspartate aminotransferase, alanine ami-
notransferase, C-reactive protein [CRP], white blood count [WBC],
platelet count, hemoglobin, neutrophil count, plasma D-dimer, and
international normalized ratio [INR]), and HBV-DNA levels, as well as
hepatitis B e antigen status, were recorded at admission. Severity of

liver disease and prognosis were assessed using the MELD score.?®

2.3 | Calculation of the formulas

PTAR = PT-INR/albumin (g/dl)

NAR = Neutrophil count (x 10°/L)/albumin (g/dL)

CAR = CRP (mg/L)/albumin (g/dl)

DAR = D-dimer (mg/L FEU)/albumin (g/dl)

BAR = BUN (mmol/L)/albumin (g/dl)

MELD score = 3.78 x In (total bilirubin, mg/dl) + 11.2 x In
(INR) + 9.57 x In (creatinine, mg/dl) + 6.4

2.4 | Statistical analysis

Statistical analyses were performed using SPSS version 19.0 and
MedCalc version 15.2.1. Statistical significance was defined at
p < 0.05. Baseline and clinical characteristics were presented as me-
dian with interquartile range (IQR) or number. Differences in varia-
bles between non-survivors and survivors at 30 days were analyzed
by the Mann-Whitney U test or the chi-square test. Correlations
between MELD score and CAR, DAR, PTAR, NAR, and BAR were
analyzed by Spearman's analysis. Logistic regression models were
performed to explore the associations of MELD score, CAR, DAR,
PTAR, NAR, and BAR with poor outcomes. The predictive accuracy
of each factor was determined by receiver operating characteristic
(ROC) curve analysis using the area under the ROC curve (AUC).
Comparisons between AUCs were performed using the De-Long
test. The sensitivity, specificity, positive predictive value (PPV), and

negative predictive value (NPV) were compared among the factors.

3 | RESULTS

3.1 | Baseline characteristics

A total of 161 HBV-DeCi patients were enrolled in the study after
screening of 242 patients (Figure 1). The main causes of admission
were ascites (n = 120, 74.5%), gastrointestinal bleeding (n = 36,
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22.5%), hepatorenal syndrome (n = 22, 14.0%), and encephalopa-
thy (n = 10, 6.2%). Twenty-four patients (15.0%) had more than one
feature of decompensation at presentation. The median values of
CAR, DAR, PTAR, NAR, and BAR at enrollment were 2.48 (IQR,
1.04-7.48), 0.69 (IQR, 0.23-1.42), 0.47 (IQR, 0.38-0.61), 0.72 (IQR,
0.49-1.31), and 1.84 (IQR, 1.39-2.58), respectively. Positive correla-
tions were found between MELD score and PTAR, NAR, CAR, and
BAR (all p < 0.05), while DAR was not correlated with MELD score
(p =0.150) (Figure 2).

242 patients with HBV-DeCi seen evaluated initially

81 patients were excluded:
1) Concurrent infection with hepatitis A/C/D/E virus (n=20)
2) Autoimmune liver disease (n=8)

3) Hepatocellular carcinoma (n=10)

>
4) Alcoholic liver disease (n=18)
5) Co-infection with HIV (n=8)
6) Age older than 75 years (n=11)
7) Hematological disorders (n=6)
[ 161 pati ilable for I analysis |

FIGURE 1 Flow diagram of the patients enrolled in this study
and the reasons for exclusion
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In the study population, the 30-day mortality rate was 18.0%
(29/161). The cause of death was hepatic failure (n = 8), gastroin-
testinal bleeding (n = 8), encephalopathy (n = 7), hepatorenal syn-
drome (n = 5), and unknown (n = 1). The patients were divided into
non-survivors (n = 29) and survivors (n = 132). Table 1 shows the
baseline characteristics in the two groups. Significant differences in
total bilirubin, creatinine, INR, total protein, hemoglobin, CAR, PTAR,
NAR, BAR, and MELD score were found between the two groups
(all p < 0.05). Compared with survivors, non-survivors were more
likely to have ascites, hepatorenal syndrome, or encephalopathy (all
p < 0.05).

3.2 | Utility of albumin-related biomarkers for
predicting mortality in HBV-DeCi patients

Table 2 lists the relationships between the albumin-related ratios,
MELD score, WBC, CRP, and mortality. In univariate analyses,
high MELD score, high CAR, high PTAR, high NAR, high BAR, high
WABC, and high CRP were associated with mortality. In multivari-
ate analyses, only high BAR and high MELD score were identified
as independent factors for worse survival. Next, ROC curves were
used to assess the discrimination ability of the factors for mortality
(Figure 3). The AUCs for CAR and DAR for the prediction of mortality
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FIGURE 2 Correlations of MELD score with PTAR (r = 0.637, p < 0.001), NAR (r = 0.380, p < 0.001), DAR (r = 0.114, p = 0.150), CAR
(r=0.368, p < 0.001), and BAR (r = 0.250, p = 0.001) in HBV-DeCi patients
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TABLE 1 Comparisons of baseline characteristics between the survivors and non-survivors

Gender (female/male)

Age (years)

Total protein (g/dl)

Albumin (g/dI)

Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Serum creatinine (mmol/L)
Total bilirubin (umol/L)

INR

PTAR

NAR

DAR

CAR

BAR

Platelet count (x10%/L)
Hemoglobin (g/L)

WBC (x10%/L)

CRP (mg/L)

Ascites (yes/no)
Gastrointestinal bleeding (yes/no)
Hepatorenal syndrome (yes/no)
Encephalopathy (yes/no)
HBV-DNA (Log,, 1U/ml)
HBeAg-positive (yes/no)

MELD score

All patients (n = 161)

34/127
53.0 (46.0-63.0)
6.08 (5.60-66.7)
3.06 (2.64-3.36)
30.0(16.0-55.0)
46.0 (28.0-74.0)
72.0 (59.0-86.3)
42.0(19.0-118.0)
1.37 (1.22-1.64)
0.47 (0.38-0.61)
0.72(0.49-1.31)
0.69 (0.23-1.42)
2.48(1.04-7.48)
1.84 (1.39-2.58)
72.0 (43.8-114.3)

102.0 (84.8-120.3)

4.30(2.70-5.90)
7.70 (3.07-20.52)

120/41

36/125

22/139

10/151

4.1(3.3-8.0)
64/97

11.6 (7.3-17.3)

Note: Data are expressed as n or median (interquartile range).

Nonsurviving patients

(n=29)
8/21
55.0 (49.0-63.5)
56.4(50.8-64.2)
3.00(2.58-3.26)
38.0(14.0-63.3)
51.5(30.5-113.5)
92.0 (66.0-125.5)
78.0 (46.3-215.0)
1.64(1.30-1.93)
0.58(0.42-0.77)
1.41(0.55-2.19)
0.64 (0.32-1.86)
6.02 (1.50-12.54)
2.95(2.12-5.92)
71.0 (53.5-132.3)
93.0 (69.8-108.8)
5.10(2.70-8.50)
16.20 (4.08-34.48)
26/3
8/21
8/21
7/22
3.7(3.3-6.1)
12/17
20.3(11.9-22.6)

Surviving patients
(n=132)
26/106
52.0 (46.0-62.5)
61.4(56.7-66.9)
3.09 (2.64-3.42)
30.0 (16.5-54.0)
46.0(28.0-72.8)
69.0 (58.5-82.0)
36.0(18.0-101.0)
1.33(1.18-1.57)
0.45 (0.37-0.58)
0.68(0.45-1.15)
0.70(0.22-1.36)
2.18(0.98-6.92)
1.71 (1.32-2.26)
73.0 (43.0-113.0)
104.5 (86.0-121.0)
4.00 (2.70-5.55)
6.30(2.85-16.60)
3/129
28/104
14/118
3/129
5.2(3.8-9.0)
52/80
10.6 (6.8-15.1)

0.489
0.337
0.013
0.300
0.741
0.563
0.002
0.011
0.002
0.003
0.001
0.391
0.041
<0.001
0.751
0.011
0.014
0.033
<0.001
0.617
0.035
<0.001
0.546
0.991
<0.001

Abbreviations: BAR, blood urea nitrogen-to-albumin ratio; CAR, C-reactive protein-to-albumin ratio; DAR, D-dimer-to-albumin ratio; INR,
international normalized ratio; MELD score, Model for End-Stage Liver Disease score; NAR, neutrophil count-to-albumin ratio; PTAR, prothrombin
time-international normalized ratio-to-albumin ratio; WBC, white blood count.

TABLE 2 Univariate and multivariate analyses of risk factors associated with mortality in HBV-DeCi patients

Multivariable

Univariable

Odds ratio
MELD score 1.181
PTAR 19.709
NAR 2.433
DAR 1.211
CAR 1.041
BAR 1.677
WBC (x 10°/L) 1.239
CRP (mg/L) 1.018

95% Cl

1.099-1.269
2.565-151.438
1.430-4.141
0.975-1.504
1.012-1.072
1.287-2.185
1.080-1.421
1.005-1.030

p Odds ratio

<0.001 1.160
0.004
0.001
0.084
0.005

<0.001 1.510
0.002
0.005

95% ClI

1.072-1.257

1.148-1.988

<0.001

0.003

Abbreviations: BAR, blood urea nitrogen-to-albumin ratio; CAR, C-reactive protein-to-albumin ratio; Cl, confidence interval; DAR, D-dimer-to-
albumin ratio; MELD, Model for End-Stage Liver Disease; NAR, neutrophil count-to-albumin ratio; PTAR, prothrombin time-international normalized

ratio-to-albumin ratio; WBC, white blood count.
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were not significant (both p > 0.05). The AUC for BAR was 0.752,
which was higher than that for PTAR (0.674), NAR (0.694), DAR
(0.551), and CAR (0.621), and comparable to that for MELD score
(0.770) (Table 3). Among the six parameters, MELD score, NAR, and
BAR had higher prognostic specificity than CAR and PTAR (87.9%,
83.3%,and 77.3% vs. 71.2% and 68.2%, respectively), while BAR had
the highest prognostic sensitivity compared with MELD score, CAR,
DAR, PTAR, and NAR (72.4% vs. 65.5%, 55.1%, 24.1%, 65.5%, and
55.2%, respectively). The highest PPV was observed for MELD score
(54.3%), indicating that it was the best predictive factor for mortal-
ity, while MELD score and BAR had the best NPV (92.1% and 92.7%,
respectively), indicating that they could be used to exclude mortality

1.0
TZT1
0.8 g
i
4
£ 0.6
2
)
]
w 0.4+
MELD Score AUC=0.770
- PTAR AUC =0.674
0.2 — NAR AUC =0.69%4
— DAR AUC=0.551
CAR AUC =0.621
-~ BAR AUC=0.732
0.0-Y T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

FIGURE 3 ROC curve analyses for albumin-related ratios and
MELD score for prediction of 30-day mortality in HBV-DeCi
patients

TABLE 3 Prognostic accuracies of
different scoring systems for predicting

WI LEYM

(Table 3). When BAR and MELD score were combined, the sensitiv-
ity and specificity became 75.8% and 84.1%, respectively, and the
AUC increased to 0.815.

4 | DISCUSSION

Patients with HBV-DeCi have a very high risk of mortality, and deter-
mining the prognosis of HBV-DeCi is challenging. Current research
has mainly focused on the prognostic value of albumin-related bio-
markers in these patients. To our knowledge, this is the first study
to date that determines and compares the five albumin-related ratios
for poor survival prediction in HBV-DeCi patients. We found that
the prognostic roles of CAR, DAR, PTAR, NAR, and BAR in HBV-
DeCi patients were different. The major findings of the study are
summarized below.

First, there is considerable evidence that inflammation is
common in advanced cirrhotic patients and associated with ad-
verse outcomes.?”?® Neutrophil count and CRP are universal
inflammatory markers, and the prognostic role of values based
on these two inflammatory factors in HBV-associated liver dis-
ease has been explored, including NAR (ratio of neutrophil count
to albumin)!’ and CAR (ratio of CRP to albumin).'? For example,
Han et al.?? proposed that high NAR was linked to poor survival
in HBV-DeCi patients, while Huang et al.*? found that CAR was
related to the prognosis of HBV-DeCi patients and was better
than MELD score for predicting HBV-DeCi mortality. However,
NAR and CAR were not identified as predictors of poor outcomes
in the present multivariate analyses. This may be due to differ-
ences in the risk factors included in the regression analyses in
the three studies. Notably, the AUC for CAR to predict mortality
was not significant compared with the reference line (p = 0.054)
in the present study. This may arise because CRP is influenced by
multiple factors such as body mass index, weight loss, and smok-
ing,” meaning that it cannot effectively reflect the inflammatory

30-day mortality AUC
MELD score 0.770%
PTAR 0.674°
NAR 0.694¢
DAR 0.551¢
CAR 0.621¢
BAR 0.752f

Cut-off
p value Sensitivity Specificity NPV PPV
<0.001 175 65.5 87.9 92.1 54.3
0.003 0.53 65.5 68.2 90.0 31.1
0.003 1.37 55.2 83.3 89.4 421
0.408 2.35 241 92.4 84.7 41.0
0.054 5.08 55.1 71.2 87.8 29.6
<0.001 2.32 74.2 77.3 92.7 41.2

Note: a versus b: p = 0.073; a versus c: p = 0.190; a versus d: p = 0.004; a versus e: p = 0.024; a
versus f: p = 0.808; b versus c: p = 0.750; b versus d: p = 0.056; b versus e: p = 0.383; b versus f:

p =0.339; cversus d: p = 0.016; c versus e: p = 0.172; c versus f: p = 0.425; d versus e: p = 0.325; d
versus f: p = 0.002; e versus f: p = 0.089.

Abbreviations: AUC, area under curve; BAR, blood urea nitrogen-to-albumin ratio; CAR, C-reactive
protein-to-albumin ratio; Cl, confidence interval; DAR, D-dimer-to-albumin ratio; MELD, Model for
End-Stage Liver Disease; NAR, neutrophil count-to-albumin ratio; NPV, negative predictive value;
PPV, positive predictive value; PTAR, prothrombin time-international normalized ratio-to-albumin

ratio.
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status of the liver, the disease severity, or the prognosis of pa-
tients. Another possible reason is the relatively small number of
patients included in our study.

Second, coagulopathy and hemorrhage risk are commonly
seen in severe liver cirrhosis patients, because of decreased pro-
duction of blood pro- and anti-coagulant proteins in the liver
and/or portal hypertension.3>3! Recently, PTAR was reported
as a novel method for liver function assessment in hepatocellu-
lar carcinoma.” In addition, Gao et al.’® demonstrated that PTAR
could predict short-term mortality in cirrhotic patients, while Cai
et al.® showed that high PTAR was associated with poor prognosis
in HBV-DeCi patients. However, the present study did not identify
PTAR as a predictor of mortality in HBV-DeCi patients in multi-
variate analyses. Meanwhile, recent studies showed that elevated
plasma D-dimer can predict poor prognosis in patients with liver
diseases.>?3 Kiiciikceran et al.}® found that DAR, as the ratio of
D-dimer to albumin, can serve as a valuable predictor for mortal-
ity in COVID-19 patients.’®> However, the present results showed
that DAR was similar between non-survivors and survivors among
HBV-DeCi patients. Moreover, we did not find that DAR was as-
sociated with mortality in univariate analyses, and its predictive
ability was inferior to that of the other four markers.

The third and most important finding is that we identified
BAR and MELD score as independent predictive factors for
mortality and demonstrated that these two factors had excel-
lent predictive value for 30-day mortality in HBV-DeCi patients
(both AUC > 0.700). BUN is a surrogate biomarker for increased
severity of renal or systemic illness. According to recent studies,
BUN was associated with unfavorable outcomes in various set-
tings, including acute heart failure,?? critically ill patients,?® acute
aortic dissection,?* and pancreatitis.25 Furthermore, Yu et al.®®
identified BUN and age as predictive factors for poor prognosis
in advanced liver diseases using machine learning. Kidney dys-
function is a common comorbid condition in liver disease, and
several reports have indicated that kidney dysfunction is linked
to mortality in cirrhotic patients.3¢ Among the 161 patients in
the present cohort, 22 (14.0%) suffered from hepatorenal syn-
drome. In addition, gastrointestinal bleeding has a high inci-
dence in cirrhotic patients and carries a high risk of death and
decreased hemoglobin in these patients.37 In the present study,
hemoglobin was significantly lower in non-survivors compared
with survivors. Given the breakdown and subsequent absorption
of blood via the gastrointestinal tract, elevated BUN is often
seen in HBV-DeCi patients. Meanwhile, albumin is a biomarker
for malnutrition-inflammation syndrome. The combination of
BUN and albumin may provide an effective and simple prog-
nostic tool to predict poor outcomes in HBV-DeCi patients. The
present results showed that BAR was markedly higher in non-
survivors compared with survivors and positively correlated with
MELD score. These findings indicate that high BAR is predictive
for disease severity and progression in HBV-DeCi patients. We
hypothesize that the high BAR in HBV-DeCi patients may rep-
resent the cumulative effects of several factors, including renal

dysfunction, gastrointestinal bleeding, malnutrition, and inflam-
mation; it may also reflect the conditions of the patients more
comprehensively, thus reflecting the risk of mortality to a certain
extent. Moreover, the combination of BAR and MELD score can
add to the predictive power for mortality in HBV-DeCi patients.

5 | CONCLUSIONS

In summary, we evaluated five albumin-related ratios (CAR, DAR,
PTAR, NAR, and BAR) for the prediction of mortality in HBV-DeCi
patients. Our study suggests that BAR can be a simple, effective,
and useful prognostic tool to predict poor outcomes in HBV-DeCi
patients and that use of a combination of BAR and MELD score can
improve the prognostic accuracy. However, because this was a ret-
rospective study, further prospective clinical trials are warranted to
validate the present results.

ACKNOWLEDGMENTS
The authors thank Alison Sherwin, PhD, from Liwen Bianji (Edanz)
(www.liwenbianji.cn/) for editing the English text of a draft of this

article.

CONFLICT OF INTEREST
None of the authors have any commercial or other association that

might pose a conflict of interest.

DATA AVAILABILITY STATEMENT
The data are available upon reasonable request.

ORCID

JianJiang Shen " https://orcid.org/0000-0001-9202-826X

REFERENCES

1. Xiao J, Wang F, Wong NK, et al. Global liver disease burdens and
research trends: analysis from a Chinese perspective. J Hepatol.
2019;71:212-221.

2. Tsochatzis EA, Bosch J, Burroughs AK. Liver cirrhosis. Lancet
(London, England). 2014;383:1749-1761.

3. European Association for the Study of the Liver. EASL Clinical
Practice Guidelines for the management of patients with decom-
pensated cirrhosis. J Hepatol. 2018;69:406-460.

4. D'Amico G. Theclinical course of cirrhosis. Population based studies
and the need of personalized medicine. J Hepatol. 2014;60:241-242.

5. Putignano A, Gustot T. New concepts in acute-on-chronic
liver failure: Implications for liver transplantation. Liver Transpl.
2017;23:234-243.

6. Zheng YX, Zhong X, Li YJ, Fan XG. Performance of scoring systems
to predict mortality of patients with acute-on-chronic liver failure:
a systematic review and meta-analysis. J Gastroenterol Hepatol.
2017;32:1668-1678.

7. Akirov A, Masri-Iragi H, Atamna A, et al. Low albumin levels are
associated with mortality risk in hospitalized patients. Am J Med.
2017;130(12):1465.e11-1465.€19.

8. Mishra PM, Uversky VN, Nandi CK. Serum albumin-mediated strat-
egy for the effective targeting of SARS-CoV-2. Med Hypotheses.
2020;140:109790.


http://www.liwenbianji.cn/
https://orcid.org/0000-0001-9202-826X
https://orcid.org/0000-0001-9202-826X

WI LEYM

ZHANG ET AL.

9. Hong W, Lin S, Zippi M, et al. Serum albumin is independently as- 24. Liu J, Sun LL, Wang J, Ji G. Blood urea nitrogen in the prediction
sociated with persistent organ failure in acute pancreatitis. Can J of in-hospital mortality of patients with acute aortic dissection.
Gastroenterol Hepatol. 2017;2017:5297143. Cardiol J. 2018;25:371-376.

10. Di Pascoli M, Fasolato S, Piano S, et al. Long-term administration 25. Koutroumpakis E, Wu BU, Bakker OJ, et al. Admission hematocrit
of human albumin improves survival in patients with cirrhosis and and rise in blood urea nitrogen at 24h outperform other laboratory
refractory ascites. Liver Int. 2019;39:98-105. markers in predicting persistent organ failure and pancreatic necro-

11. Bernardi M, Ricci CS, Zaccherini G. Role of human albumin in the sis in acute pancreatitis: a post hoc analysis of three large prospec-
management of complications of liver cirrhosis. J Clin Exp Hepatol. tive databases. Am J Gastroenterol. 2015;110:1707-1716.
2014;4:302-311. 26. Freeman RB Jr, Wiesner RH, Harper A, et al. The new liver alloca-

12. HuangSS, Xie DM, Cai YJ, et al. C-reactive protein-to-albumin ratio tion system: moving toward evidence-based transplantation policy.
is a predictor of hepatitis B virus related decompensated cirrhosis: Liver Transpl. 2002;8:851-858.
time-dependent receiver operating characteristics and decision 27. Behroozian R, Bayazidchi M, Rasooli J. Systemic inflammatory re-
curve analysis. Eur J Gastroenterol Hepatol. 2017;29:472-480. sponse syndrome and MELD score in hospital outcome of patients

13. Wang CJ, Wu JP, Zhou WQ, Mao WL, Huang HB. The C- with liver cirrhosis. Middle East J Dig Dis. 2012;4:168-172.
reactive protein/albumin ratio as a predictor of mortality in 28. Fernandez J, Acevedo J, Wiest R, et al. Bacterial and fungal infec-
patients with HBV-related decompensated cirrhosis. Clin Lab. tions in acute-on-chronic liver failure: prevalence, characteristics
2019;65:1531-1537. and impact on prognosis. Gut. 2018;67:1870-1880.

14. Saito H, Kono Y, Murakami Y, et al. Prognostic significance of the 29. Nehring SM, Goyal A, Bansal P, Patel BC. C Reactive Protein. 2021
preoperative ratio of C-reactive protein to albumin and neutrophil- May 10. In: Stat Pearls [Internet]. Treasure Island (FL): StatPearls
lymphocyte ratio in gastric cancer patients. World J Surg. Publishing; 2021 Jan-.
2018;42:1819-1825. 30. Wada H, Usui M, Sakuragawa N. Hemostatic abnormalities and

15. Kigukceran K, Ayranci MK, Girisgin AS, Kocak S. Predictive liver diseases. Semin Thromb Hemost. 2008;34:772-778.
value of D-dimer/albumin ratio and fibrinogen/albumin ratio for 31. Cremers |, Ribeiro S. Management of variceal and nonvariceal
in-hospital mortality in patients with COVID-19. Int J Clin Pract. upper gastrointestinal bleeding in patients with cirrhosis. Therap
2021;75:e14263. Adv Gastroenterol. 2014;7:206-216.

16. Cai M, Han Z, He X, Zhang J. Usefulness of international nor- 32. LiY, Qi X, Li H, et al. D-dimer level for predicting the in-hospital
malized ratio to albumin ratio for evaluation of mortality in hep- mortality in liver cirrhosis: a retrospective study. Exp Ther Med.
atitis B virus-associated decompensated cirrhosis. Biomed Res Int. 2017;13:285-289.

2021;2021:6664574. 33. Qi T, Zhu C, Lu G, et al. Elevated D-dimer is associated with in-

17. Haruki K, Shiba H, Saito N, et al. Risk stratification using a novel creased 28-day mortality in acute-on-chronic liver failure in China:
liver functional reserve score of combination prothrombin time- a retrospective study. BMC Gastroenterol. 2019;19:20.
international normalized ratio to albumin ratio and albumin in pa- 34. Zhou J, Mao W, Shen L, Huang H. Plasma D-dimer as a novel bio-
tients with hepatocellular carcinoma. Surgery. 2018;164:404-410. marker for predicting poor outcomes in HBV-related decompen-

18. Gao F, Cai MX, Lin MT, et al. Prognostic value of international nor- sated cirrhosis. Medicine (Baltimore). 2019;98:€18527.
malized ratio to albumin ratio among critically ill patients with cir- 35. Yu CS, Chen YD, Chang SS, Tang JH, Wu JL, Lin CH. Exploring and
rhosis. Eur J Gastroenterol Hepatol. 2019;31:824-831. predicting mortality among patients with end-stage liver disease

19. Han Z, He X, Peng S. Neutrophil count to albumin ratio as a prog- without cancer: a machine learning approach. Eur J Gastroenterol
nostic indicator for HBV-associated decompensated cirrhosis. J Clin Hepatol. 2021;33:1117-1123.

Lab Anal. 2021;35:€23730. 36. Moller S, Krag A, Bendtsen F. Kidney injury in cirrhosis: pathophys-

20. Tingle SJ, Severs GR, Goodfellow M, et al. NARCA: a novel prog- iological and therapeutic aspects of hepatorenal syndromes. Liver
nostic scoring system using neutrophil-albumin ratio and Ca19-9 to Int. 2014;34:1153-1163.
predict overall survival in palliative pancreatic cancer. J Surg Oncol. 37. Tomizawa M, Shinozaki F, Hasegawa R, et al. Reduced hemoglobin
2018;118:680-686. and increased C-reactive protein are associated with upper gastro-

21. Varim C, Yaylaci S, Demirci T, et al. Neutrophil count to albumin intestinal bleeding. World J Gastroenterol. 2014;20:1311-1317.
ratio as a new predictor of mortality in patients with COVID-19 in-
fection. Rev Assoc Med Bras. 2020;66:77-81.

22. Bae SJ, Kim K, Yun SJ, Lee SH. Predictive performance of blood How to cite this article: Zhang T, Ye B, Shen J. Prognostic value
urea nitrogen to serum albumin ratio in elderly patients with gas- . L .
trointestinal bleeding. Am J Emerg Med. 2021:41:152-157. of albumin-related ratios in HBV-associated decompensated

23. Beier K, Eppanapally S, Bazick HS, et al. Elevation of blood urea ni- cirrhosis. J Clin Lab Anal. 2022;36:€24338. doi:10.1002/

trogenis predictive of long-term mortality in critically ill patients in-
dependent of “normal” creatinine. Crit Care Med. 2011;39:305-313.

jcla.24338


https://doi.org/10.1002/jcla.24338
https://doi.org/10.1002/jcla.24338

