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Abstract

Background: Macrocytic anemia is common in liver disease. However, its role in hepatitis B virus (HBV)-related
decompensated cirrhosis remains unknown. The aim of the present study was to determine the association
between macrocytic anemia and the severity of liver impairment in patients with HBV-related decompensated
cirrhosis according to the Model for End Stage Liver Disease (MELD) score.

Methods: A total of 463 participants who fulfilled our criteria were enrolled in this cross-sectional study. Patients

were classified into three groups according to anemia types, diagnosed based on their mean corpuscular volume
level. Multivariate linear regression analyses were used to determine the association between macrocytic anemia

and the MELD score for patients with HBV-related decompensated cirrhosis.

Results: Patients with macrocytic anemia had evidently higher MELD scores (10.8 +6.6) than those with normocytic
anemia (8.0 + 5.5) or microcytic anemia (6.3 + 5.1). The association remained robust after adjusting for age, gender,
smoking, drinking, and total cholesterol (3 =1.94, Cl: 0.81-3.07, P < 0.001).

Conclusions: Macrocytic anemia was found to be associated with the severity of liver impairment and might be a
predictor for short-term mortality in patients with HBV-related decompensated cirrhosis.
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Background

Cirrhosis is an end-stage disease that invariably leads to
death. It is the 14th most common cause of death in
adults worldwide and results in 1.03 million deaths per
year [1]. Chronic infection with hepatitis B virus (HBV)
is one of the major causes of cirrhosis and 30% of deaths
are attributable to HBV [2, 3]. China is a highly endemic
area of HBV, where 78% of patients with cirrhosis are
HBsAg positive [4]. In patients with cirrhosis, the 5-year
probability of decompensation is 15-20%, while the

* Correspondence: maxiancang@163.com

"Jian Yang and Bin Yan contributed equally to this work.

’Department of Psychiatry, the First Affiliated Hospital, Xi'an Jiaotong
University, No.277 Yanta West Road, Yanta District, Xi'an 710061, People’s
Republic of China

Full list of author information is available at the end of the article

K BMC

5-year survival rate decreases from 84 to 14—35% once
clinical decompensating events occur [5-7].

Anemia is a common comorbidity in cirrhosis that is as-
sociated with poor prognosis [8]. Erythrocyte abnormal-
ities were clinically important and frequent findings in
patients with chronic disease. Mean corpuscular volume
(MCV), a measurement of the average volume of red
blood cells (RBCs), has been documented to be associated
with an increase in many clinical conditions [9-12].
Typically, anemia can be classified into macrocytic anemia
(> 100 fL), normocytic anemia (80—100 fL), and microcytic
anemia (< 80 fL) based on the patient’s MCV level. A re-
cent study has reported that the elevated MCV level was
associated with increased liver cancer mortality, especially
in men who are hepatitis B surface antigen (HBsAg)
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positive [13]. Therefore, in this study, we hypothesized
that a common association might exist between macro-
cytic anemia and the severity of liver impairment in pa-
tients with HBV-related decompensated cirrhosis.

We used the Model for End Stage Liver Disease (MELD)
score for evaluating the severity of liver impairment of
HBV-related decompensated cirrhosis. The MELD score
was developed to predict the short-term mortality of
end-stage liver disease because of the shortage of donated
livers. It had been validated subsequently as an accurate
predictor of survival among different populations of pa-
tients with advanced liver disease and was adopted for
organ allocation for liver transplantation instead of the
older Child-Pugh score in the USA since 2002 [14-16].
Liver transplantation is generally recommended for pa-
tients with MELD score of > 15, if possible [17].

The goal of the present study is to investigate whether
the MELD score is higher in the macrocytic anemia
group in patients with HBV-related decompensated
cirrhosis.

Methods

Study population

From May 2013 to July 2016, data of 1445 patients diag-
nosed as having HBV-related decompensated cirrhosis were
extracted from the HIS Database at the First Affiliated Hos-
pital of Xi'an Jiaotong University. For patients to be diag-
nosed as having HBV-related decompensated cirrhosis, the
following conditions must be present: HBsAg carrier for
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>6 months; pathological or clinical evidence of cirrhosis;
and occurrence of complications, such as ascites, upper
gastrointestinal bleeding, spontaneous bacterial peritonitis,
or hepatic encephalopathy [6, 18—20]. Anemia was defined
according to WHO’s haemoglobin thresholds, which is
haemoglobin level of < 130 g/L in male and < 120 g/L in fe-
male [8]. After strictly screening according to the inclusion
criteria and exclusion criteria, 463 patients were enrolled in
this hospital-based cross-sectional study (Fig. 1). The study
was approved by the Ethics Committee of the First Affili-
ated Hospital, Xi'an Jiaotong University. Since this is a
retrospective study, a written consent is waived by the Eth-
ics Committee and is deemed unnecessary. All methods
were carried out in accordance with appropriate clinical
practice guidelines and national legal requirements.

Data collection

Demographic characteristics were obtained from an
interview during the patients’ admission to our hospital.
Venous blood samples were collected from the partici-
pants after an overnight fasting for laboratory assess-
ments. Smoking was defined as having >1 cigarette per
day and drinking was defined as alcohol intaking >20 g
per day for at least a year [21, 22]. Estimated glomerular
filtration rate (eGFR) was calculated using a formula
adapted from the Modification of Diet in Renal Disease
(MDRD) equation [23, 24]. Unfortunately, body mass
index (BMI) and HBV DNA data were not included in
the analysis due to excessive missing values.

1445 patients were extracted from HIS Database, 2013-2016

BN W

Inclusion criteria:

1. Age range 45-74 years old

2. Diagnosis of HBV-related decompensated
cirrhosis

Hb <130 g/L in male and <120 g/L in female
. Completed medical records

xclusion criteria:

History of tuberculosis

Primary gallbladder disease or kidney disease
Diagnosed as hepatocellular carcinoma
Received blood transfusion within three
months

463 included patients

123 patients with
macrocytic anemia

304 patients with
normocytic anemia

36 patients with
microcytic anemia

Fig. 1 Flow diagram for the selection of patients
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MELD score

The MELD score was calculated using the following for-
mula: 9.57 x log, (creatinine mg/dl) + 3.78 x log, (biliru-
bin mg/dl) + 11.2 x log. (INR) + 6.43, where INR is the
international normalised ratio and 6.43 is the constant
for liver disease aetiology [16].

Statistical analysis

Statistical analyses were conducted using R software
(version 3.1.3). Continuous data were presented as mean
+ SD, and categorical variables were presented as count
and percentage. All participants were divided into three
groups according to their anemia classification. We used
one-way ANOVA to determine the differences among
the three groups in terms of the continuous variables,
because the variables were all normally distributed and
homogeneous in variance. Simultaneously, the chi-square
test was used for categorical variables. Univariate and
multivariate linear regression analyses were used to exam-
ine the associations of the MELD score with macrocytic
anemia. Variables with P value < 0.05 in univariate models
were then included in the multivariate analyses. A
two-tailed test was used to calculate the P value, and the
results were considered statistically significant when the
P value < 0.05.

Results

Characteristics of participants

Table 1 presents the baseline characteristics of the partici-
pants, which were divided into three groups according to
anemia types. Among the 463 eligible participants, 304
had normocytic anemia, 123 had macrocytic anemia and
36 had microcytic anemia. The average age of participants
was 54.3 (SD =7.3) years and 63.5% of them were male.
Our data showed that patients with macrocytic anemia
were older and had higher levels of bilirubin, international
normalized ratio (INR) and alkaline phosphatase (ALP)
compared to patients with normocytic or microcytic
anemia. MELD score was also observed to be higher in
the macrocytic group. Oppositely, the total cholesterol
and albumin were relatively low. There were no significant
differences observed in terms of gender, smoking, drink-
ing, hypertension, systolic blood pressure, diastolic blood
pressure, creatinine, eGFR, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT). The haemo-
globin level and prevalence of diabetes in the microcytic
group were slightly different from that in the other two
groups, but this difference was negligible.

Assessment of the association between MELD score and
possible risk factors

We next assessed the correlation between the MELD
score and possible risk factors using the univariate linear
regression analyses (Table 2). Our results revealed a
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positive association between the MELD score and male,
smoking and drinking. In addition, a negative association
between the MELD score and the total cholesterol level
was observed.

Association between macrocytic anemia and MELD score
Patients in the macrocytic group had evidently higher
MELD scores than patients in the other two groups
(Fig. 2). In univariate regression analysis, we found that
there was a significant association between macrocytic
anemia and the MELD score (estimated coefficient [B] =
2.80, 95% confidence interval [CI]: 1.59-4.01, P value [P]
<0.001), using the normocytic group as the reference. Fur-
thermore, the association remained robust (=1.94, CL
0.81-3.07, P < 0.001) after adjusting for age, gender, smok-
ing, drinking and total cholesterol in multivariate analysis
(Table 2).

Discussion

In this retrospective study, we demonstrated that macro-
cytic anemia, defined as anemia in which the RBCs are
larger than their normal volume (100 fL), is associated
with the severity of liver impairment in patients with
HBV-related decompensated cirrhosis. This finding re-
mains substantial even after adjusting for demographics
and laboratory parameters, such as age, gender, smoking,
drinking and total cholesterol.

An MCV level greater than 100 fL, which is also
known as macrocytosis, may not always be associated
with anemia. Moreover, it presents independently from
anemia in most cases [10]. Nevertheless, we chose
anemia as one of our inclusion criteria because 84.2% of
the 1445 pre-screened patients have anemia. This result
was consistent with the finding of another study, which
reported that about 75% of patients with chronic liver
disease have a diverse aetiology of anemia [25]. Further-
more, patients with cirrhosis may have anemia due to a
lack of haematopoietic factors, shortened erythrocyte
survival, reduced bone marrow function, or gastrointes-
tinal bleeding. All these conditions indicate impaired
liver function and a high risk of mortality. Therefore, pa-
tients without anemia were excluded from the data ana-
lysis to avoid potential bias in our present study.

The importance of macrocytic anemia or macrocytosis
seems to be underestimated in the past. Only a few studies
focused on its risk of adverse events or death [9-13].
Among these studies, Yoon et al. documented that the ele-
vated MCV level was associated with increased liver can-
cer mortality in men [13]; this finding was consistent with
the result of our study. A small-sample study also found a
markedly higher MCV in patients with chronic liver fail-
ure than in healthy subjects [26]. These observations,
though not directly, provided evidence for our conclusion
that patients with HBV-related decompensated cirrhosis
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Table 1 Demographic and biochemical characteristics of the study participants (N = 463)
Variable Macrocytic anemia Normocytic anemia Microcytic anemia P value
Number of subjects 123 304 36
Mean corpuscular volume, fL 1027 +26 9124517 742+ 46™ <0001
Age, years 56.1+76 539+7.1" 518+62" 0.002
Male, n(%) 78(634) 191(62.8) 25(694) 0.738
Drinking, n(%) 24(19.5) 74(24.3) 13(36.1) 0.118
Smoking, n(%) 48(39.0) 107(35.2) 15(41.7) 0618
Diabetes, n(%) 10(8.1) 39(12.8) 9(250) 0.026
Hypertension, n(%) 14(11.3) 36(11.8) 4(11.0) 0.985
Hemoglobin, g/L

>90 97(78.9) 230(75.7) 1027.8)™ <0001

60-90 21(17.1) 63(20.7) 20(55.6)™ <0.001

<60 5(4.1) 11(36) 6(16.7)™ 0.002
Total cholesterol, mmol/L 24+0.7 27+09" 27+08 0.012
Systolic blood pressure, mmHg 1179+176 11784152 113.8+138 0.350
Diastolic blood pressure, mmHg 726+ 11.7 734+100 709+86 0.354
Bilirubin, mg/dL 34434 26+32° 18+34" 0011
Creatinine, mg/dL 08+08 07+04 0.7+04 0.147
INR 15403 14+04" 13+01" 0.006
eGFR, mL/min/1.73m? 123.6 £ 545 1269+434 130.3 £39.1 0.686
Albumin 270+47 291 +47" 317 +48™ <0001
AST 783+ 1473 842+ 196.6 41.7+£395 0.394
ALT 453+424 594+1143 293+31.8 0.113
ALP 12294555 1064+61.17 852+32.7" 0.001
MELD score 108+66 80+55" 63+5.1" <0001
Complications, n(%)

UGB 6(4.9) 34(11.2) 5(13.9) 0.093

SBP 36(29.3) 7504.7)" 3(83)" 0037

HE 14(11.4) 22(7.2) 3(8.3) 0377

Values are presented as mean + standard deviation or numbers (percentage)

INR international normalized ratio, eGFR estimated glomerular filtration rate, AST aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline
phosphatase, MELD model for end stage liver disease, UGB upper gastrointestinal bleeding, SBP spontaneous bacterial peritonitis, HE hepatic encephalopathy
P indicates the difference among the three groups. fIndicates significance (P < 0.05) compared to macrocytic anemia; *Indicates significance (P < 0.05) compared

to normocytic anemia

who have macrocytic anemia were more likely to present
worse liver condition.

There are several potential pathological mechanisms that
explain why macrocytic anemia is associated with the sever-
ity of liver impairment. First, patients with advanced liver
damage are more likely to have vitamin B, or folate defi-
ciencies [27], which directly result in macrocytic anemia.
Vitamin B;, and folate coenzymes are required for thymi-
dylate and purine synthesis, thus, their deficiencies result in
retarded DNA synthesis and eventually will develop into
macrocytic anemia [28—30]. Second, macrocytic anemia in
liver disease may be due to an increased deposition of chol-
esterol on the membranes of circulating RBCs [31, 32]. This
deposition effectively increases the surface area of the

erythrocyte. Third, hemolytic anemias are common in ad-
vanced liver failure. In this case, excessive destruction of
RBCs and increased reticulocyte count can be observed.
The immature erythrocytes are approximately 20% larger
compared to the mature erythrocytes, which result in mac-
rocytic anemia [25]. Moreover, erythrocyte morphology is
affected by various factors in liver disease, such as causes,
degree of liver damage, and drugs used. Complicated mech-
anisms, which allow the synchronized performance of their
independent or collaborative functions, determine the
shape of RBCs. Nevertheless, we firmly believe that there is
a positive correlation between macrocytic anemia and the
severity of liver impairment in patients with HBV-related
decompensated cirrhosis.
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Table 2 Univariate and multivariate linear regression analysis for MELD score
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Variable Univariate Multivariate
B (Cl 95%) P value 3 (Cl1 95%) P value

Age 0.05(-0.02,0.13) 0.160 0.07(0.01,0.15) 0.028
Male 2.25(1.15,3.36) <0.001 1.49(0.29,2.70) 0.015
Smoking 1.93(0.82,3.03) <0.001 0.21(-1.03,144) 0.742
Drinking 1.59(0.34,2.85) 0.013 0.73(-0.56,2.01) 0.269
Diabetes 0.53(— 16) 0.527
Hypertension 0.15(-1 84) 0.857
Hemoglobin, g/L

>90 Ref -

60-90 1.09(-0.21,2.39) 0.100

<60 —1.35(-3.90,1.20) 0.298
Total cholesterol —2.77(-3.37,-2.16) <0.001 —2.53(-3.14,-1.93) <0.001
Systolic blood pressure —0.01(-0.04,0.03) 0.863
Diastolic blood pressure —0.01(— 0.06,0.05) 0.900
Anemia classification

Normocytic anemia Ref - Ref -

Macrocytic anemia 2.80(1.594.01) <0.001 1.94(0.81,3.07) <0.001

Microcytic anemia —1.73(=3.72,0.27) 0.089 —1.77(- 3.59,0.05) 0.057

MELD model for end stage liver disease, 8 estimated coefficient, 95% Cl 95% confidence interval

In addition, we used the MELD score, which is a for-
mula comprising creatinine, bilirubin, and INR values,
to evaluate the severity of liver impairment and risk of
death. In our study, patients with macrocytic anemia
had higher levels of bilirubin and INR, but no signifi-
cant difference was observed in creatinine levels and
eGFR. Thus, macrocytic anemia might be unrelated to
kidney damage in patients with HBV-related decom-
pensated cirrhosis.

There were a few limitations in this study. First, we
used the MELD score for evaluating the severity of liver
impairment in patients with HBV-related decompen-
sated cirrhosis. Although the MELD score could provide
an accurate prediction of short-term mortality of pa-
tients with cirrhosis, a follow-up data might be better
and more credible. Second, the analysis did not include
data on serum vitamin Bj,, folate, reticulocyte count,
drugs, and measures of haemolysis, which could
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contribute to better understand the mechanisms of mac-
rocytic anemia in patients with cirrhosis.

Conclusions

Macrocytic anemia was found to be associated with the se-
verity of liver impairment and might be a predictor for
short-term mortality in patients with HBV-related decom-
pensated cirrhosis. However, a large-scale cohort study is
recommended to confirm the present results and to eluci-
date the mechanisms underlying the observed correlations
between macrocytic anemia and the severity of liver im-
pairment in patients with HBV-related decompensated
cirrhosis.
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