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ARTICLE INFO ABSTRACT

Ar ﬂ'C{e HiSfOU’i. Introduction and Objectives: The relationship between anemia and the outcome of patients with cirrhosis is
Received 6 April 2023 not completely clear. Therefore, we performed this large-scale epidemiological study to investigate the prev-
Accepted 21 July 2023

alence and severity of anemia in patients with cirrhosis and acute decompensation or liver injury and how
anemia impacts short-term and long-term outcomes.

Patients and Methods: Patients with cirrhosis and acute decompensation (AD) or acute liver injury (ALI) were
enrolled in the Chinese AcuTe on CHronic Llver FailurE (CATCH-LIFE) studies, which consisted of two large,
multicenter, prospective, observational cohorts between January 2015 and December 2016 and July 2018
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and January 2019. We conducted data analysis on the prevalence of anemia and determined the relationship
between anemia and prognosis.

Results: Among 1979 patients, 1389 (70.2%) had anemia, among whom 599 (41.3%) had mild anemia, 595
(15.8%) had moderate anemia and 195 (2.4%) had severe anemia. A linear association between hemoglobin
level and 90-day or 1-year LT-free mortality was shown, and a 10 g/L decrease in hemoglobin level was asso-
ciated with a 6.8% extra risk of 90-day death and a 5.7% extra risk of 1-year death. Severe anemia was an
independent risk factor for 90-day [HR=1.649 (1.100, 2.473), p=0.016] and 1-year LT-free mortality
[HR=1.610 (1.159, 2.238), p=0.005]. Multinomial logistic regression analysis further identified that severe
anemia was significantly associated with post-28-day mortality but not within-28-day mortality.

Abbreviations: WHO, World Health Organization; PHG, portal hypertensive gastropathy; HSCs, hematopoietic stem cells; ACLF, acute-on-chronic liver failure; IDA, iron deficiency
anemia; AD, acute decompensation; AL, acute liver injury; CLIF, Chinese Chronic Liver Failure; LT, liver transplantation; GAM, generalized additive model; HBV, hepatitis B virus;
HB, hemoglobin; HE, hepatic encephalopathy; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; WBC, white blood cell count; NLR, neutrophil-to-
lymphocyte ratio; ALB, albumin; MELD, Model for End-Stage Liver Disease; INR, international normalized ratio; PLT, platelet count
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Conclusions: Anemia is common in patients with cirrhosis admitted for acute events. Severe anemia was asso-

ciated with poor 90-day and 1-year prognoses in these patients.
© 2023 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Anemia, defined by the World Health Organization (WHO) as a
reduction in the concentration of hemoglobin (<120 g/L for women
and <130 g/L for men) [1], is common in patients with cirrhosis. The
underlying mechanism is multifaceted. For example, overt or occult
gastrointestinal bleeding from either esophageal or gastric varices
and portal hypertensive gastropathy (PHG) play important roles [2],
and the cirrhosis-associated chronic inflammatory state resulting
from intestinal microbial translocation leads to chronic inflammatory
anemia in cirrhosis [3]. In addition, low hepcidin concentration, folate
deficiency, malnutrition, hypersplenism, derangement of the
hematopoietic niche, loss of hematopoietic stem cells (HSCs), alcohol
and bilirubin toxicity and renal insufficiency could also be significant
causes of anemia in advanced cirrhosis [4—7]. Several studies have
shown the clinical significance of anemia in patients with cirrhosis. A
retrospective cohort study reported that anemia is a strong predictor
of hospitalization due to hepatic decompensation in outpatients with
liver cirrhosis [8]. It has been reported that the prevalence of acute-
on-chronic liver failure (ACLF) is significantly higher in patients with
anemia than in those without anemia [9], as low hemoglobin concen-
trations are independently associated with cerebral hypoxia in
patients with decompensated cirrhosis and can trigger ACLF. Further-
more, distinct mechanisms of anemia have also been associated with
poor prognosis in cirrhosis. For example, macrocytic anemia was
found to be associated with the severity of liver damage and might
be a predictor of short-term mortality in patients with HBV-related
decompensated cirrhosis [10], and increased mortality was observed
among patients with spur cell anemia after splenectomy or alcohol-
ism because of progressive lipoprotein impairment [11]. Iron defi-
ciency anemia (IDA), which is common in cirrhosis, was also found to
be significantly associated with an increased risk of mortality in cir-
rhosis [12].

Despite these limitations, most previous studies were retrospec-
tive and single-center studies that included only a relatively limited
number of cases, and the effect of variations in hemoglobin levels on
mortality and time of death has not yet been fully elucidated. Thus, a
large prospective cohort study is required to further determine the
association between hemoglobin levels and adverse outcomes in
patients with cirrhosis. In the present study, we performed a pro-
spective, multicenter cohort study to determine the prevalence and
severity of anemia among cirrhotic patients with acute decompensa-
tion (AD) or acute liver injury (ALI) and further explored the associa-
tion between anemia and mortality at their 28-day, 90-day and 1-
year follow-ups.

2. Material and Methods
2.1. Study design and population

We retrospectively used data from the Chinese Acute on Chronic
Liver Failure (CATCH-LIFE) study (NCT02457637, NCT03641872), a
prospective multicenter cohort study of patients with chronic liver
disease and acute exacerbation conducted by the Chinese Chronic
Liver Failure (CLIF) Consortium, which is composed of 15 tertiary hos-
pitals in HBV high endemic areas. Patients were included from pro-
spective multicenter cohorts in the CLIF Consortium between January
2015 to December 2016 [13] and July 2018 to January 2019.

We collected patients with cirrhosis who were admitted to the
hospital due to acute AD or ALI The exclusion criteria were acute gas-
trointestinal bleeding two weeks before admission, hepatocellular
carcinoma or other liver malignancies before or during admission,
extrahepatic malignancies, hematological diseases or severe chronic
extrahepatic disease, age younger than 18 or older than 80 years,
pregnancy, and receiving immunosuppressive agents for nonhepatic
diseases.

2.2. Participant follow-up

Follow-up data were collected from all patients during hospitali-
zation within 28 days and obtained regularly from outpatient follow-
up or telephone contact after discharge. Patients were considered to
be off-study if they died, were lost to follow-up, developed malignan-
cies, received liver transplantation (LT), or withdrew informed con-
sent. The primary endpoint was mortality at 28 days, 90 days, and 1
year. On admission, the patients were recorded for demographic
information and medical history. During hospitalization, laboratory
parameters, radiological findings, complications, and therapies were
recorded at 1, 4, 7, 14, 21, and 28 days (or the last day if the patient
was hospitalized for less than 28 days) as well as 24 hours before
death or LT (if the patient died or had LT). Models for end-stage liver
disease scores, sepsis, and organ failure were evaluated based on
available data. After hospital discharge, all patients underwent fol-
low-up regularly via outpatient review or telephone monthly, and
clinical outcomes such as death, LT, and development into malignan-
cies were recorded. If patients died, then the time of death and the
main cause of death were noted. Up to 28-days, 12 patients were
unable to be contacted (loss to follow) by phone for reasons including
not answering the phone, wrong number, refusal to answer ques-
tions, a number not in service, and other reasons, and up to 90-day,
32 patients were lost to follow, finally, there were 74 patients lost to
follow up to 1-year. All patients received routine treatment according
to relevant guidelines during hospitalization, and after discharge,
healthy life habits, long-term antiviral therapy, alcohol intake restric-
tions, and other symptomatic therapy were monitored during fol-
low-up.

2.3. Definition

Anemia was defined as a reduction in the concentration of hemo-
globin (<120g/L for women and < 130g/L for men) by the WHO as
previously described [1] and was divided into different degrees, with
mild anemia ranging from 110 g/L to 120 g/L in nonpregnant women
(15 years of age and above) and 110 g/L to 130 g/L in men (15 years
of age and above), moderate anemia ranging from 80 g/L to 109 g/L,
and severe anemia under 80 g/L. Cirrhosis was diagnosed based on
CT/MRI scan, laboratory tests, clinical symptoms, and a history of
liver disease. Acute decompensation was defined as the acute devel-
opment of gastrointestinal hemorrhage, hepatic encephalopathy,
overt ascites, bacterial infection, jaundice (total bilirubin > 5 mg/dl)
or any combination of these within one month before enrollment
[14,15], and acute liver injury was defined as alanine aminotransfer-
ase or aspartate aminotransferase levels >3 times the upper limit of
normal or a total bilirubin level >2 times the upper limit of normal
within 1 week.
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2.4. Statistical analysis

All statistical analyses were conducted using R (version 3.6.0, R
Foundation for Statistical Computing, Vienna, Austria). Continuous
variables between two groups were compared with Student’s t tests
or the Mann—Whitney U test and presented as the medians with
interquartile ranges. Categorical variables were compared with the
chi-squared or Fisher’s exact test and are represented as the counts
and percentages. For multiple groups, Fisher’s exact test or a x2 test
was used for group comparisons for categorical variables. For contin-
uous variables, a comparison was performed by one-way ANOVA for
data with normal distribution, and Kruskal-Wallis one-way ANOVA
on ranks was used for data with nonnormal distribution. Post hoc
Tukey pairwise comparisons were used for post hoc pairwise com-
parisons. Multiple imputation methods were used to address missing
values. Univariate Cox analysis and multivariate analysis were per-
formed using the Cox proportional hazards model in stratified analy-
ses and were also used to determine the relationship between the
severity of anemia and mortality. A generalized additive model
(GAM) was used to evaluate the curvilinear association between ane-
mia and LT-free mortality. The 90-day and 1-year LT-free survival
curves were plotted, and comparisons between groups were per-
formed by the Kaplan—Meier method. P values less than 0.05 (P <
0.05) were considered statistically significant.

5504 Patients with cirrhosis or other chronic liver diseases and
hospitalized for decompensations and/or acute liver injury (From
January 2015-December 2016 (3655) and September 2018- January
2019(1849))
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2.5. Ethical statement

Written informed consent was obtained from each patient
included in the study and the study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in a priori
approval by the Ethics Committee of Shanghai Jiaotong University
School of Medicine [Approval No. (2014)148k and (2016) 142Kk].

3. Results

3.1. Prevalence and baseline characteristics of patients with cirrhosis
and anemia

Screening steps of the study population are shown in Fig. 1. Nota-
bly, we first excluded 1144 patients without cirrhosis and 577 cir-
rhotic patients with acute gastrointestinal bleeding at admission.
Finally, 1979 patients with cirrhosis who were admitted to the hospi-
tal due to AD or ALI were included in our study.

The clinical characteristics of the cohort and subgroups of patients
with/without anemia are shown in Table 1. Among 1979 patients, the
median age was 51 (IQR 35—67) years, with 1437 (72.6%) patients
being male. The median hemoglobin level was 115 g/L (IQR 73-147),
and the overall mortality at 28 days, 90 days, and 1 year was 10.4%,
18.9%, and 27.4%, respectively. Compared with patients without

/71534 Exculded X
41  Age<1S5y or age >80y
24  Pregnant
876 Found liver malignancy
w| 175 Had sever extra-hepatic diseases (including hematological diseases) or other
- organ malignancy
36  Received immunosuppressive drugs for reasons other than chronic liver disease
104 Withdrew informed consent
55  Participant in development cohort
v \209 Others -/
[ 3970 patients enrolled ]
;{ 1144 Excluded for no-corrhosis ]
Y
[ 2826 Patients with cirrhosis enrolled ]
}[ 577 Excluded for acute gastrointestinal bleeding on admission ]
Y
[ 2249 Patients enrolled (0-1 year follow-up) ]
266 Exculded
+ | 187 For liver transplantation
715  Had hepatocellular or other liver malignancy carcinoma
74  Lost follow-up
Y
1983 Patients enrolled in development cohort
(4 excluded for lost of HB value)
Y
1979 Patients enrolled in study cohort
(538 death)

Fig. 1. Flowchart of the study cohort.
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Table 2
Baseline characteristics of patients with varying degrees of anemia.

Table 1

Baseline characteristics of study population.
Variables Total No anemia  Anemia P value

(n=1979) (n=590) (n=1389)

Demographic
Age 51(16) 49(15) 52(15) <0.001
Male 1437(72.6)  458(77.6) 979(70.5) <0.001
Etiology
HBV 1188(60.0)  406(68.8) 782(56.3) <0.001
Alcohol 212(10.7) 41(6.9) 171(12.3) <0.001
HBV plus alcohol 190(9.6) 64(10.8) 126(9.1) <0.001
Others 389(19.7) 79(13.4) 310(22.4) <0.001
AD
Infection 585(29.6) 145(24.6) 440(31.7) <0.001
Ascites 1316(66.5)  310(52.5) 1006(72.4)  <0.001
Jaundice 1025(51.8)  321(54.4) 704(50.7) <0.001
HE 220(11.1) 54(9.2) 166(12.0) <0.001
Laboratory parameters
ALT (IU/L) 67(182) 218(516) 52(90) <0.001
AST(IU/L) 94(158) 179(328) 78(110) <0.001
ALB (g/dL) 30.3(7.5) 32.6(7.1) 29.1(7.4) <0.001
TB (mol/L) 5.4(14.0) 7.1(16.3) 5.2(13.0) 0.041
HB(g/L) 115(32) 137(15) 106(27) <0.001
INR 1.51(0.64) 1.45(0.60) 1.54(0.67) 0.043
WBC count (10° /L) 4.9(3.5) 5.4(3.2) 4.6(3.6) 0.001
Cr (umol/L) 0.78(0.34) 0.76(0.28) 0.79(0.38) <0.001
PLT (10° /L) 78(67) 95(69) 72(62) <0.001
Serum sodium (mmol/L)  138.0(6.0) 138.9(5.0) 137.3(6.0) <0.001
NLR 2.7(3.0) 2.5(2.8) 2.7(3.1) <0.001
Scores
MELD 19.7(16.8) 18.6(24.7) 20.6(17.2) <0.001
MELD_Na 16.1(21.7) 12.5(18.0) 17.7(22.2) <0.001
iMELD 38.9(19.0) 36.0(16.5) 40.6(18.7) <0.001
Mortality(%)
28-day 205(10.4) 60(10.2) 145(10.4) 0.984
90-day 374(18.9) 102(17.3) 272(19.6) 0.491
1-year 538(27.2) 129(21.9) 409(29.4) 0.002

HBV, hepatitis B virus; HB, hemoglobin; HE, hepatic encephalopathy; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; WBC, white
blood cell count; NLR, neutrophil-to-lymphocyte ratio; ALB, albumin; MELD, Model
for End Stage Liver Disease; INR, International normalized ratio; PLT, platelet count.
Data are expressed as mean+SD, median (interquartile range), or number (percent)

anemia, those with anemia had higher 1-year mortality and more
severe hepatic dysfunction, as indicated by disease severity scores, as
well as laboratory parameters, such as serum bilirubin, international
normalized ratio, creatinine, albumin, platelet count and serum
sodium. Notably, these patients had more profound systemic inflam-
mation, as indicated by the NLR.

We further compared the baseline characteristics of patients with
varying degrees of anemia (Table 2). Among 1389 patients with ane-
mia, 599 (41.3%) had mild anemia, 595 (15.8%) had moderate anemia,
and 195 (2.4%) had severe anemia. As expected, there were stepwise
increases in 90-day and 1-year mortality, exacerbation of liver dis-
eases, and systemic inflammation with the severity of anemia.

3.2. The association between anemia and mortality

The 90-day and 1-year survival curves showed a significantly
lower cumulative survival in patients with severe anemia (p<0.05)
(Fig. 2). As shown in Fig. 3, the generalized additive model was used
to evaluate the curvilinear association between HB level and 90-day
mortality. In the all-adjusted model, the effect of HB level on death
was nearly perfectly linear, with an adjusted odds ratio of 0.932 (95%
Cl, 0.886—980, p=0.006) associated with a 10 g/L decrease in HB at
any level in our study population (e.g., a patient with an HB of 90 g/L
has a 6.8% lower adjusted hazard of death than one with an HB of
80 g/L, and so on throughout the entire range). Similarly, the effect of
HB level on 1-year death was nearly perfectly linear, with an adjusted
odds ratio of 0.943 (95% CI, 0.905—0.983, p=0.006) associated with a
10 g/L decrease in HB at any level in our study population (e.g., a

Variables Mild anemia Moderate anemia Sever anemia P value
(n=599) (n=595) (n=195)

Demographic
Age 51(15) 53(16) 52(15) <0.001
Male 492(82.1) 372(62.5) 115(59.0) <0.001
Etiology
HBV 377(62.9) 320(53.8) 85(43.6) <0.001
Alcohol 60(10.0) 69(11.6) 42(21.5) <0.001
HBV plus alcohol 75(12.5) 40(6.7) 11(5.6) <0.001
Others 87(14.5) 166(27.9) 57(29.2) <0.001
AD
Infection 170(28.4) 206(34.6) 64(32.8) 0.064
Ascites 402(67.1) 444(74.6) 160(82.1) <0.001
Jaundice 312(52.1) 310(52.1) 82(42.1) 0.035
HE 62(10.4) 68(11.4) 36(18.5) 0.009
Laboratory

parameters
ALT (IU/L) 81(166) 45(62) 25(26) <0.001
AST(IU/L) 103(157) 76(97) 43(49) <0.001
ALB (g/dL) 29.7(6.9) 28.5(7.6) 28.7(7.6) 0.001
TB (umol/L) 5.5(15.2) 5.5(11.1) 3.4(9.8) 0.001
HB(g/L) 118(10) 98(14) 69(14) <0.001
INR 1.54(0.67) 1.54(0.66) 1.53(0.71) 0.879
WBC count (10° /L)  5.0(3.4) 4.5(3.6) 4.0(4.0) <0.001
Cr (umol/L) 0.79(0.32) 0.78(0.37) 0.79(0.50) 0.060
PLT (10° /L) 75(62) 71(59) 63(42) 0.109
Serum sodium 137.8(6.0) 137.2(6.0) 136.0(8.0) 0.002

(mmol/L)
NLR 2.5(3.1) 2.7(3.2) 3.5(3.1) <0.001
Scores
MELD 19.9(16.0) 21.2(17.7) 18.6(21.5) 0.092
MELD_Na 16.4(19.6) 18.7(23.1) 18.0(26.2) 0.020
iMELD 38.9(17.1) 41.9(20.2) 39.7(23.5) 0.005
Mortality (%)
28-day 54(9.0) 70(11.8) 21(10.8) 0.295
90-day 89(14.9) 136(22.9) 47(24.1) 0.001
1-year 136(22.7) 198(33.3) 75(38.5) <0.001

HBV, hepatitis B virus; HB, hemoglobin; HE, hepatic encephalopathy; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; WBC, white
blood cell count; NLR,neutrophil-to-lymphocyte ratio; ALB, albumin; MELD, Model
for End Stage Liver Disease; INR, International normalized ratio; PLT, platelet count.
Data are expressed as mean=SD, median (interquartile range), or number (percent)

patient with an HB of 90 g/L has a 5.7% lower adjusted odds of death
than one with an HB of 80 g/L, and so on throughout the entire
range).

3.3. The prognostic value of MELD-HB compared to MELD

The receiver operating curve curves were generated to evaluate
the predictive ability of 90-day and 1-year mortality, and the area
under curve (AUC) of 90-day mortality for MELD-HB was 0.804 (95%
Cl, 0.778-0.830; p<0.001), which was superior to MELD(AUC, 0.801;
95% CI, 0.774—0.828; p<0.001).(Fig. 4) , Simultaneously, the area
under curve (AUC) of 1-year mortality for MELD-HB was 0.828 (95%
Cl, 0.807-0.850; p<0.001), which was also superior to MELD(AUC,
0.768; 95% CI, 0.742—0.793; p<0.001).(Fig. 5)

3.4. Interaction between anemia and other variables

As a variety of demographic and clinical parameters significantly
differed among patients with varying degrees of anemia and those
without, a stratified analysis was performed to analyze the variables
that impact the association between hemoglobin levels and LT-free
90-day and 1-year mortality. As shown in Fig. 6, the significant asso-
ciation between hemoglobin level and 90-day mortality was altered
in at least one of two subgroups stratified by age, cirrhosis etiology,
TB, Cr, INR, ALT, AST, ALB, PLT, presence of infection, ascites or HE,
suggesting a potential interactive effect between hemoglobin level
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Fig. 2. Comparisons of survival curves between cirrhotic patients with or without severe anemia. The cumulative 90-day and 1-year survival across the groups was compared using

the log—rank test.

and these variables. Similarly, in Fig. 7, the significant association
between hemoglobin level and 1-year mortality was altered in one of
two subgroups stratified by gender, cirrhosis etiology, ALT, AST, WBC,
and presence of ascites or HE, suggesting a potential interactive effect
between hemoglobin level and these variables.

We next evaluated whether the impact of anemia was indepen-
dently associated with 90-day and 1-year mortality after adjusting
for the interacting variables. As shown in Table 3, when divided into
various degrees of anemia, severe anemia was shown to be indepen-
dently associated with 90-day and 1-year mortality adjusted by dif-
ferent models, with hazard ratios of 1.649 (95% CI, 1.100-2.473,
p=0.016) and 1.610 (95% CI, 1.159-2.238, p=0.005) in the fully
adjusted model (adjusted for age, sex, etiology, ascites, HE, infection,
TB, INR, CR, ALB, ALT, AST, WBC, PLT, Na).

3.5. The association between severe anemia and early death (within 28
days) or delayed death (post-28 days)

We further evaluated whether the adverse impact of severe ane-
mia on the prognosis of cirrhosis was limited to the postacute period.
Therefore, a multinomial logistic regression analysis was performed
to identify significant risk factors for early death and delayed death.
On multivariate analysis, age, ALB, ALT, TB, INR, Cr, WBC, Na, and
presence of HE but not severe anemia were predictors of 28-day mor-
tality. Severe anemia was significantly associated with post-28-day
mortality, and other independent variables included age, male sex,
ALB, ALT, TB, INR, Na, and presence of HE or ascites (see Table 4). The
above findings suggested that severe anemia had no impact on short-
term prognosis but determined the long-term outcome.
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Fig. 3. Association between HB level and 90-day or 1-year mortality by a generalized additive model. Solid lines are predictions from a generalized additive model, and dashed lines
represent the corresponding 95% confidence intervals. Data were adjusted for age, sex, etiology, ascites, HE, infection, TB, INR, CR, ALB, ALT, AST, WBC, PLT, and Na.

4. Discussion

We performed this large multicenter prospective cohort study to
describe the prevalence of anemia among cirrhotic patients with AD/
ALl and then investigated the impact of anemia on patient outcomes.
We found that hemoglobin levels were independently associated
with increased 90-day and 1-year mortality, as patients had a 6.8%
lower adjusted hazard risk of death on 90-day mortality and a 5.7%
lower adjusted hazard risk of death on 1-year mortality with a 10 g/L
decrease in hemoglobin at any level throughout the entire range.
With regard to the severity of anemia, severe anemia was an inde-
pendent risk factor for increased 90-day and 1-year mortality in cir-
rhotic patients with AD/ALI; however, it had no impact on 28-day
prognosis.

Anemia is common in patients with cirrhosis, and previous stud-
ies have demonstrated a remarkable decrease in hemoglobin concen-
tration, with a prevalence ranging from 21%-84% among patients
with varying severity of cirrhosis [2,10,16,17]. The results are in line
with our study, as we reported a prevalence of up to 70.2%, with 9.9%
combined with severe anemia. The potential causes of anemia

include portal hypertension, chronic inflammatory conditions, bone
marrow suppression, malnutrition, and imbalances in iron homeosta-
sis, which are more common in cirrhosis, as previously described
[2—7]. Remarkably, patients with alcohol-related cirrhosis had a
higher prevalence of anemia than those with HBV-related cirrhosis,
with a prevalence of anemia of 80.7% to 65.8% in our study popula-
tion. Possible explanations are as follows: first, bone marrow toxicity
of alcohol could be an important reason for the development of ane-
mia [15]; second, hemolytic anemia was shown in patients with alco-
hol-related cirrhosis as previously described through altering the
structure and metabolic pathways of the red-blood-cell membrane;
third, malnutrition is common in patients with alcohol-related cir-
rhosis, as chronic alcohol consumption may lead to micronutrient
deficiencies [18]; and finally, spur cell anemia caused by alcohol-
related cirrhosis has also been reported by previous studies [19,20].
A strong linkage between anemia and adverse outcomes was also
found in patients with cirrhosis. First, anemia was significantly asso-
ciated with illness severity, as patients with anemia often have higher
prognostic scores; higher levels of laboratory parameters, such as
serum bilirubin, international normalized ratio, creatinine, and NLR;
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Fig. 4. Receiver operating characteristic curve of MELD-HB and MELD for 90-day mortality.
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Fig. 5. Receiver operating characteristic curve of MELD-HB and MELD for 1-year mortality.

and lower levels of laboratory parameters, such as albumin, platelet
count and serum sodium, which could indicate the severity of the dis-
ease. This result is in line with a previous study that demonstrated
the close relationship between anemia and ACLF [9]. Moreover, our

study confirmed that HB level is an independent risk factor for
increased mortality among patients with cirrhosis. Specifically,
severe anemia is associated with increased 90-day and 1-year mor-
tality, rather than 28-day mortality, among patients with cirrhosis is
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No.of 90-day Death/Total(%) HB,median(IQR),g/L HR(95%IC)
All patients 374/1979(18.9) 115(98-130) = 0.995(0.991-0.999)
Age, years
<50 156/904(17.3) 120(102-134) —— 0.995(0.989-1.002)
250 218/1075(20.3) 112(95-127) —— 0.995(0.989-1.000)
Gender
Male 284/1437(19.8) 119(102-134) —— 0.995(0.991-1.000)
Female 90/542(16.6) 106(88-119) — . 0.987(0.979-0.996)
Etiology
HBV 229/1188(19.3) 119(103-133) —— 0.996(0.991-1.002)
Alcoholic 38/212(17.9) 107(85-124) — 0.988(0.976-0.999)
HBV+Alcoholic 47/190(24.7) 120(108-135) L 0.988(0.976-1.001)
Others 60/389(15.7) 104(88-119) —a— 0.988(0.977-0.999)
ALT
=120U/L 162/692(23.4) 128(116-139) —— 0.997(0.989--1.006)
<120U/L 212/1287(16.5) 108(90-122) —— 0.986(0.981-0.991)
AST
<120U/L 167/1159(14.4) 109(90-124) —— 0.985(0.980-0.991)
2120U/L 207/820(25.2) 124(109-136) —— 0.995(0.988-1.001)
PLT
<<10x10"9/L 259/1299(19.9) 113(95-127) —— 0.996(0.991-1.001)
210x10M9/L 115/680(16.9) 120(102-135) —— 0.993(0.986-1.000)
WBC
<4x10°9/L 61/695(8.8) 110(92-124) — . 0.989(0.979-0.998)
24x10"9/L 313/1284(24.4) 118(101-133) —— 0.992(0.987-0.996)
B
<5 mg/d 58/954(6.1) 114(96-128) — . 0.979(0.970-0.989)
25 mg/dl 316/1025(30.8) 117(99-132) —— 0.995(0.991-1.000)
CR
<1mg/dL 231/1516(15.2) 116(100-131) —a— 0.994(0.989-1.000)
>1mg/dL 143/463(30.9) 110(90-128) —_— 0.999(0.993-1.006)
INR
<20 162/1538(10.5) 116(98-130) —— 0.986(0.980-0.992)
22.0 212/441(48.1) 115(95-129) —— 1.005(0.999-1.010)
ALB
<30g/L 205/944(21.7) 110(92-124) —— 0.997(0.991-1.003)
230g/L 169/1035(16.3) 121(104-135) —a—h 0.995(0.989-1.001)
Na
<135mmol/L 185/540(34.3) 111(91-127) —_—— 0.996(0.991-1.002)
2135mmol/L 189/1439(13.1) 117(100-131) —— 0.998(0.992-1.004)
Ascites
Yes 289/1316(22.0) 112(94-127) —— 0.996(0.992-1.001)
No 85/663(12.8) 122(106-136) — . 0.998(0.989-1.007)
Infection
Yes 168/585(28.7) 111(94-128) —— 0.999(0.993-1.005)
No 206/1394(14.8) 116(99-131) —_— 0.993(0.988-0.999)
HE
Yes 81/220(36.8) 111(88-128) —_— 1.007(0.998-1.016)
No 293/1759(16.7) 116(98-130) —— 0.993(0.988-0.997)

T

r 1
0975 1025

1
The estimates

Fig. 6. Stratified analyses of the risk of 90-day death according to hemoglobin levels. The unadjusted hazard ratio of death per unit increment in standard deviation of hemoglobin is
plotted for the entire cohort and according to strata of baseline covariates. Subgroups were stratified by age, sex, etiology, ALT, AST, PLT, WBC, TB, CR, INR, ALB, Na, presence of asci-
tes, infection and HE.
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No.of 1-year Death/Total(%) HB,IQR,g/L HR(95%IC)
All patients 538/1979(27.1) 115(98-130) R o 0.992(0.988,0.995)
Age, years
<50 216/904(23.9) 120(102-134) —— 0.991(0.986,0.996)
250 322/1075(30.0) 112(95-127) —— 0.993(0.988,0.997)
Gender
Male 388/1437(27.0) 119(102-134) —— 0.993(0.989,0.997)
Female 150/542(27.7) 106(88-119) —— 0.986(0.980,0.992)
Etiology
HBV 305/1188(25.7) 119(103-133) —a— 0.994(0.989,0.999)
Alcoholic 66/212(31.1) 107(85-124) = 0.988(0.979,0.997)
HBV+Alcoholic 56/190(29.5) 120(108-135) L { 0.989(0.978,1.000)
Others 111/389(28.5) 104(88-119) — . 0.987(0.979,0.995)
ALT
<120U/L 345/1287(26.8) 108(90-122) —— 0.987(0.983,0.991)
2120U/L 193/692(27.9) 128(116-139) —— 0.994(0.986,1.001)
AST
<120U/L 282/1159(24.3) 109(90-124) —— 0.985(0.981,0.990)
2120U/L 256/820(31.2) 124(109-136) —— 0.993(0.987,0.999)
PLT
<10%10"9/L 369/1299(28.4) 113(95-127) —— 0.992(0.988,0.996)
210x10"9/L 169/680(24.9) 120(102-135) —.— 0.992(0.986,0.997)
WBC
<4x10"9/L 114/695(16.4) 110(92-124) +———@— 0.983(0.976,0.990)
24x10M9/L 424/1284(33.0) 118(101-133) —_— 0.990(0.986,0.994)
B
<5 mg/dl 123/954(12.9) 114(96-128) +——— 0.984(0.977,0.991)
25 mg/dl 415/1025(40.5) 117(99-132) —— 0.991(0.987,0.995)
CR
<1mg/dL 350/1516(23.1) 116(100-131) —_— 0.991(0.987,0.995)
>1mg/dL 188/463(40.6) 110(90-128) —.— 0.997(0.991,1.002)
INR
<2.0 288/1538(18.7) 116(98-130) —— 0.986(0.982,0.991)
22.0 250/441(56.7) 115(95-129) —— 1.001(0.996,1.006)
ALB
<30g/L 309/944(32.7) 110(92-124) —_— 0.993(0.988,0.997)
>30g/L 229/1035(22.1) 121(104-135) —— 0.993(0.988,0.998)
Na
<135mmol/L 252/540(46.7) 111(91-127) —— 0.993(0.988,0.998)
2135mmol/L 286/1439(19.9) 117(100-131) —— 0.994(0.990,0.999)
Infection
Yes 235/585(40.2) 111(94-128) —a— 0.995(0.989,1.000)
No 303/1394(21.7) 116(99-131) —— 0.991(0.986,0.995)
Ascites
Yes 420/1316(31.9) 112(94-127) —— 0.994(0.990,0.997)
No 118/663(17.8) 122(106-136) — 0.993(0.986,1.001)
HE
Yes 105/220(47.7) 111(88-128) — . 1.003(0.996,1.011)
No 433/1759(24.6) 116(98-130) —— 0.990(0.986,0.994)

r 1
0.975 1025

1
The estimates

Fig. 7. Stratified analyses of the risk of 1-year death according to hemoglobin levels. The unadjusted hazard ratio of death per unit increment in the standard deviation of hemoglo-
bin is plotted for the entire cohort and according to strata of baseline covariates. Subgroups were stratified by age, sex, etiology, ALT, AST, PLT, WBC, TB, CR, INR, ALB, Na, presence
of ascites, infection and HE.
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Table 3
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Univariate nd multivariate Cox analysis of the realtionship between anemia and 28-day,90-day and 1-year mortality.

Model II (HR, 95% CI, P-
value)

Model Il (HR, 95% CI, P-
value)

Model IV (HR, 95% CI, P-
value)

0.829(0.573,1.198), p=0.318
1.197(0.841,1.703), p=0.319
1.261(0.758,2.096), p=0.372

0.812(0.610,1.080), p=0.152
1.374(1.057,1.787), p=0.018
1.570(1.101,2.239), p=0.013

0.978(0.768,1.245), p=0.856
1.514(1.207,1.899), p<0.001

Variable Num of 28-day mortality Model I (HR, 95% CI, P-
(percentage) value)
Severity of anemia
No anemia 60(10.2) 1.0 1.0
Mild anemia 54(9.0) 0.875(0.606,1263), p=0.475
Moderate anemia 70(11.8) 1.150(0.814,1.623), p=0.427
Sever anemia 21(10.8) 1.069(0.650,1.757), p=0.793
Num of 90-day mortality
(percentage)
No anemia 102(17.3) 1.0 1.0
Mild anemia 89(14.9) 0.842(0.634,1.119), p=0.236
Moderate anemia 136(22.9) 1.339(1.035,1.730), p=0.026
Sever anemia 47(24.1) 1.419(1.004,2.005), p=0.047
Num of 1-year mortality
(percentage)
No anemia 129(21.9) 1.0 1.0
Mild anemia 136(22.7) 1.023(0.804,1.302), p=0.853
Moderate anemia  198(33.3) 1.587(1.272,1.982), p<0.001
Sever anemia 75(38.5) 1.863(1.401,2.476), p<0.001

1.840(1.374,2.465), p<0.001

1.0
0.811(0.555,1.185), p=0.279
1.075(0.744,1.555), p=0.700
1.294(0.765.2.189), p=0.337

1.0
0.751(0.561,1.004), p=0.053
1.152(0.877,1.512), p=0.310
1.511(1.047,2.182), p=0.028

1.0
0.893(0.699,1.140), p=0.362
1.222(0.967,1.544), p=0.093
1.675(1.238,2.265), p=0.001

1.0
0.884(0.593,1.318), p=0.545
1.184(0.788,1.781), p=0.416
1.443(0.808,2.578), p=0.215

1.0
0.789(0.581,1.072), p=0.130
1.230(0.909,1.664), p=0.180
1.649(1.100,2.473), p=0.016

1.0
.0.868(0.671,1.123), p=0.282
1.181(0.914,1.527), p=0.204
1.610(1.159,2.238), p=0.005

Model I Un-adjusted;
Model II Adjusted for age gender etiology;
Model Il Adjusted for age gender etiology HE ascites infection, TB INR Cr

Model IV (full-adjusted) Adjusted for age, gender, etiology, ascites, HE, infection, TB, INR, CR, ALB, ALT, AST, WBC, PLT, Na

Statistical ananlysis was performed using univariate and multivariate Cox analysis.

the central viewpoint of this study, which may be related to the fol-
lowing factors.

First, anemia may accelerate the progression of liver cirrhosis by
affecting the hemodynamic status. It has been shown that low hemo-
globin levels result in hemodilution and a reduction in blood viscos-
ity, aggravate tissue hypoxia, increase cardiac output, worsen
hyperdynamic circulation and contribute to the development of por-
tal hypertension [21].

Second, anemia may increase the risk of decompensation events.
For example, in addition to exacerbating portal hypertension, a
reduced level of hemoglobin leads to a decline in NO scavenging and
subsequent guanylyl cyclase activation, which impairs platelet aggre-
gation [22] and increases the risk of bleeding. Additionally, anemia is
associated with an increased risk of HE, which is an independent factor
for adverse outcomes in cirrhosis. In our study, the prevalence of HE in
patients with moderate to severe anemia was 16.5% compared with
9.7% among those without anemia, in line with a prospective cohort
study that reported a relationship between anemia and HE in ambula-
tory cirrhotic patients without recent overt gastrointestinal bleeding
at baseline [23]. Anemia is associated with hyperammonemia due
to occult gastrointestinal blood loss in cirrhosis [24]. Furthermore,

patients with anemia have an increased risk of infection, with a preva-
lence of up to 31.7% compared with 26.5% in patients without anemia
in our study. Previous studies have shown that low hepcidin levels
impose increased vulnerability to bacterial infection in patients with
cirrhosis and IDA [25].

In addition, anemia may indicate dysregulation of the hematopoi-
etic niche and loss of HSCs, which are correlated with the severity of
cirrhosis and cause hematological and immunological dysfunctions
in patients with advanced cirrhosis [5]. These mechanisms suggest
that anemia is a critical risk factor in the temporal course of disease
progression in patients with cirrhosis and could result in increased
long-term mortality.

The strength of the study is the high-quality data based on a multi-
center, prospective, national cohort. However, there are also several lim-
itations. First, the diagnosis of anemia was based on the hemoglobin
level obtained at admission, and we did not include those who devel-
oped anemia during hospitalization. Second, the possible causes of ane-
mia were not further explored based on our limited available data.
Finally, we did not assess the recurrence of decompensated events after
hospital discharge during the 1-year follow-up; thus, the effect of ane-
mia on the risk of recurrent decompensation remains to be determined.

Table 4

Risk factors associated with early/delayed death by multivariate multinomial logistic regression analysis.
Variable Early death (within 28 days) OR, 95% CI P-value  Delayed death (28 days-1 year) OR,95% CI  P-value
Severe anemia 1.544(0.844,2.861) 0.157 1.789(1.189,2.692) 0.005
Age 1.060(1.040,1.079) <0.001 1.034(1.020,1.048) <0.001
Male 0.721(0.460,1.131) 0,155 0.611(0.448,0.832) 0.002
AST 1.000(0.999,1.001) 0.761 1.001(1.000,1.001) 0.202
ALB 0.942(0.907.0.978) 0.002 0.960(0.935,0.985) 0.002
ALT 1.001(1.000,1.001) 0.011 0.999(0.998,1.000) 0.033
TB 1.097(1.076,1.118) <0.001 1.067(1.050,1.084) <0.001
INR 2.422(1.887,3.110) <0.001 1.776(1.405,2.245) <0.001
PLT 0.997(0.994,1.001) 0.127 1.000(0.998,1.001) 0.673
CR 1.359(1.098,1.683) 0.005 1.207(0.992,1.469) 0.060
WBC 10.84(1.036,1.135) <0.001 1.024(0.984,1.065) 0.243
Na 0.925(0.895,0.956) <0.001 0.944(0.920,0.969) <0.001
HBV-related 1.554(0.844,2.861) 0.157 0.842(0.634,1.117) 0.233
Presence of HE 2.957(1.807,4.839) <0.001 1.949(1.283,2.959) 0.002
Presence of Ascites 1.496(0.973,2.300) 0.066 1.607(1.160,2.226) 0.004
Presence of Infection  0.983(0.668,1.448) 0.933 1.254(0.936,1.680) 0.130

Statistical ananlysis was performed using multinominal logistic regression model to identify risk factors associated with multiple outcomes

(survival, early/delayed death)
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5. Conclusions

In conclusion, anemia was common in patients with cirrhosis with
a variety of acute events. Hemoglobin level was linearly correlated
with 90-day and 1-year mortality, and severe anemia was an inde-
pendent risk factor for poor prognosis among cirrhotic patients with
AD/ALL The potential clinical benefit of correcting anemia, such as
the use of erythropoietin, warrants assessment.
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