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Abstract
Background: Anaemia is common in advanced chronic liver disease (ACLD) as a result 
of various risk factors.
Aims & Methods: We evaluated the prevalence and severity of anaemia as well as 
the impact of anaemia on clinical outcomes in consecutive patients with ACLD and 
portal hypertension.
Results: Among 494 patients, 324 (66%) patients had anaemia. Anaemic patients showed 
higher MELD (12 ± 4 vs 9 ± 3; P < .001), lower albumin (34 ± 6 vs 39 ± 5 g/dL; P < .001) and 
more often Child‐Pugh B/C stage (56% vs 17%; P < .001). The prevalence of moderate‐se‐
vere anaemia (haemoglobin <10 g/dL) increased with the degree of portal hypertension 
(HVPG: 6‐9 mm Hg: 22% vs HVPG: 10‐19 mm Hg: 24% vs HVPG ≥ 20 mm Hg: 36%; 
P = .031). The most common aetiologies of anaemia were gastrointestinal bleeding (25%) 
and iron deficiency (9%), while reason for anaemia remained unclear in 53% of cases. 
Male gender (odds ratio [OR]: 1.94 [95% CI: 1.09‐3.47]; P = .025), MELD (OR: 1.20 [95% 
CI: 1.09‐1.32]; P < .001), hepatic decompensation (OR: 4.40 [95% CI: 2.48‐7.82]; P < .001) 
and HVPG (OR per mm Hg: 1.07 [95% CI: 1.02‐1.13]; P = .004) were independent risk fac‐
tors for anaemia. Anaemia was associated with hepatic decompensation (1 year: 25.1% 
vs 8.1%; 5 years: 60.3% vs 32.9%; P < .0001), hospitalization (73% vs 57%; P < .001) and 
a higher incidence rate of acute‐on‐chronic liver failure (0.05 [95% CI: 0.04‐0.07] vs 0.03 
[95% CI: 0.01‐0.04]). Anaemic patients had worse overall survival (1 year: 87.1% vs 93.7%, 
5 year survival: 50.5% vs 68.6%; P < .0001) and increased liver‐related mortality (1 year 
mortality: 9.7% vs 5.7%, 5 year mortality: 38.0% vs 26.9%; P = .003).
Conclusion: Two‐thirds of patients with ACLD suffer from anaemia. The degree of he‐
patic dysfunction and of portal hypertension correlate with severity of anaemia. Anaemia 
is associated with decompensation, ACLF and increased mortality in patients with ACLD.
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1  | INTRODUC TION

Anaemia is a frequently observed condition with an overall prev‐
alence of 10%‐24% in the general population and up to 95% in 
chronically ill patients as a result of infections, cancer or autoim‐
mune disease.1-5 Anaemia has not only been linked to decreased 
quality of life and cognitive impairment but also to an increased 
risk of cardiovascular mortality.6-8 Furthermore, anaemia was 
shown to increase morbidity and mortality in several settings 
which might be attributed to the generalized decrease in oxygen‐
carrying capacity.2,9-11

Anaemia is also a common finding in patients with advanced 
chronic liver disease (ACLD) with a reported prevalence between 
50%‐87% and the highest prevalence being observed in patients 
presenting with hepatic encephalopathy.12-15 Several causal fac‐
tors for anaemia in patients with ACLD have been described: 
Firstly, acute or chronic blood loss caused by gastrointestinal 
bleeding from gastroesophageal varices,16 portal hypertensive 
gastropathy, gastric antral vascular ectasia17 or peptic ulcers18,19 
aggravate anaemia in the setting of ACLD. Secondly, functional 
and structural defects in the lipid membrane of erythrocytes may 
lead to the formation of acanthocytes (spur cells) with a short 
lifespan as a result of a higher susceptibility for degradation in 
the spleen.20,21 Thirdly, hypersplenism induced by splenomegaly 
in patients with portal hypertension can induce pancytopenia 
and can therefore contribute to anaemia in ACLD.22,23 Fourthly, 
malnutrition and malabsorption leading to vitamin B12 and folic 
acid deficiencies resulting in macrocytosis and macrocytic anae‐
mia have been acknowledged as cause especially in patients with 
alcoholic liver disease.12,24 Fifthly, as the liver secretes hepci‐
din, the main regulator of iron homeostasis, iron deficiency is 
common in ACLD patients.25 Finally, aplastic anaemia occurring 
especially in young men within 6 months of acute hepatitis (‘hep‐
atitis‐associated aplastic anaemia’) as well as after orthotopic 
liver transplantation has been described. While the exact un‐
derlying mechanisms remain unknown in most cases of aplastic 
anaemia, viral infections have been suggested to play a central 
causative role.26

The clinical consequences of anaemia in ACLD include an in‐
creased risk for hepatic encephalopathy (and is associated with 
serum ammonia levels15), fatigue 27 and a higher Child‐Pugh 
Score.12,13,28 Importantly, anaemia has been linked to a dete‐
riorating kidney function and development of the hepatorenal 
syndrome.29

Although, several studies evaluated the mechanisms of anae‐
mia in patients with liver disease, most of them did not focus on 
patients with ACLD and did not provide data on portal pressure. 
Therefore, the aim of this study was to investigate the prevalence 

of and risk factors for anaemia in well‐characterized patients with 
ACLD evaluated by liver stiffness and hepatic venous pressure gra‐
dient (HVPG) measurements. Most importantly, we also aimed to 
evaluate the impact of anaemia on hepatic decompensation and 
mortality.

2  | MATERIAL S AND METHODS

2.1 | Patients and definitions

All patients undergoing simultaneous HVPG and transient elastogra‐
phy (TE) measurements between August 2007 and December 2015 at 
the Medical University of Vienna were considered for this retrospec‐
tive analysis. ACLD was diagnosed by TE (liver stiffness ≥10 kPa) or 
HVPG measurement (HVPG ≥ 6 mm Hg).16,30 Patient characteristics 
including clinical and laboratory parameters were extracted from elec‐
tronic patient records. Laboratory data from the day of HVPG meas‐
urement or within 2 months prior to or after HVPG measurement were 
recorded. Aetiology of liver disease, the presence of varices as well as 
previous hepatic decompensation were documented. MELD and the 
Child‐Pugh scores were calculated.

Severity of anaemia was graded as ‘mild’ if haemoglobin (Hb) level 
was below gender‐specific lower limit of normal (<12 g/dL in female 
and <13.5 g/dL in male patients) but ≥10 g/dL, as ‘moderate’ if Hb was 
<10 g/dL but ≥8 g/dL and as ‘severe’ if Hb was <8 g/dL. Cut‐offs for 
mean corpuscular volume (MCV) and mean corpuscular haemoglobin 
(MCH) were derived from the reference values of the local laboratory. 
Thrombocytopenia was defined as a platelet count <50 G/L and leu‐
kopenia as a white blood cell count <4 G/L respectively. Aetiology of 
anaemia was determined by the most probable cause according to lab‐
oratory values and/or endoscopy findings (within 2 months prior to or 

Key points
•	 Anaemia is found in two‐thirds of patients with advanced 

chronic liver disease (ACLD) including 7% with severe 
anaemia defined by haemoglobin levels <8 mg/dL.

•	 The most common causes for anaemia in ACLD  are 
gastrointestinal blood loss and iron deficiency anaemia 
(IDA).

•	 Severity of anaemia is closely linked to hepatic dysfunc‐
tion (reflected by MELD) and severity of portal hyper‐
tension (HVPG).

•	 The presence of anaemia is associated with worse clinical 
outcomes such as a higher rate of hepatic decompensa‐
tion, hospitalization, acute‐on‐chronic liver failure (ACLF) 
as well as increased overall and liver‐related mortality.
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after HVPG measurement): Bleeding anaemia was defined by case of 
normochromic/normocytic anaemia with findings suggestive of acute 
or chronic bleeding on endoscopy or other forms of anaemia with clear 
signs of bleeding on endoscopy. Iron‐deficiency anaemia was diag‐
nosed in case of hypochromic and/or microcytic anaemia and proven 
iron deficiency as shown by depleted serum transferrin and/or ferritin. 
Patients were classified to have vitamin B12/folic acid deficiency anae‐
mia if erythrocyte indices revealed hyperchromic and/or macrocytic 
anaemia and laboratory evaluation revealed vitamin B12 or folic acid 
deficiency. Renal anaemia was attributed to patients with normochro‐
mic and/or normocytic anaemia and chronic kidney disease (CKD) stage 
3b (as indicated by an estimated glomerular filtration rate of <45 mL/
min) or higher without any other apparent explanations for anaemia.31 
Haemolytic anaemia was established in patients with normochromic 
and/or normocytic anaemia and either decreased haptoglobin or sig‐
nificant elevation of unconjugated bilirubin. Anaemia was attributed 
to chronic inflammation in patients with hypochromic and microcytic 
anaemia with significantly elevated ferritin levels. If the cause of anae‐
mia could not be determined based on the available information, anae‐
mia was classified as ‘unknown/insufficient diagnostic workup’.

2.2 | HVPG measurement

HVPG measurements were performed at the Vienna Hepatic 
Hemodynamic Lab according to a standardized operating procedure32 
using a 7‐French balloon catheter (Pejcl Medizintechnik). Briefly, the 
catheter introducer sheath was placed in the right internal jugular 
vein after local anaesthesia and under ultrasound guidance using the 
Seldinger technique. The balloon catheter was advanced under fluoro‐
scopic guidance in the middle or right hepatic vein. HVPG was calculated 
as the mean difference between the wedged hepatic vein pressure and 
the free hepatic vein pressure after three measurements.33

2.3 | Liver stiffness measurements and 
definition of ACLD

Liver stiffness measurements were performed using FibroScan® 
(Echosens, Paris, France) by experienced operators as previously 
described.34 The M and XL‐probes were used according to the rec‐
ommendations of the device. Only measurements considered to be 
reliable as according to previously published criteria were used for 
this study.35 According to the Baveno VI consensus recommenda‐
tions 30 and previous studies,36,37 patients with a liver stiffness of 
>10 kPa on transient elastography were considered to have ACLD.

2.4 | Hepatic decompensation, overall survival and 
liver‐related mortality

Survival was evaluated by data obtained from the National Death 
Registry provided by Statistic Austria. This dataset included infor‐
mation on the date of death, the ICD‐10 code stated on the death 
certificate as well as the date of the last stay in an Austrian hospi‐
tal. Based on these data and additional information obtained from 

medical records, the cause of death was attributed to liver disease (ie 
liver‐related) or not. Furthermore, development of acute‐on‐chronic 
liver failure (ACLF)38 and decompensation events during follow‐up 
(new development of ascites or the need for large‐volume para‐
centesis, development of hepatic encephalopathy [HE] or hospital 
admission for HE Westhaven grade III/IV, development of sponta‐
neous bacterial peritonitis or variceal bleeding) were assessed as 
previously defined.39 ACLF was diagnosed and graded in accordance 
with the publication by Moreau et al40 as well as the online available 
CLIF‐C ACLF score calculator. Therefore, ACLF grade 1 was defined 
as (a) patients with single kidney failure, (b) patients with a single 
organ failure as according to the CLIF‐SOFA score and serum cre‐
atinine between 1.5 and 1.9 mg/dL and/or mild to moderate hepatic 
encephalopathy, and (c) patients with single cerebral failure pre‐
senting with a serum creatinine level ranging from 1.5‐1.9  mg/dL. 
In the presence of 2 organ failures, ACLF grade 2 and if three organ 
failures were present, ACLF grade 3 was diagnosed respectively.40 
Additionally, the date of first hospitalization and the number of hos‐
pitalizations during follow‐up were recorded.

2.5 | Statistics

Statistical analyses were performed using IBM SPSS Statistics 25 
(SPSS Inc) and GraphPad Prism 8 (GraphPad Software). Continuous 
variables were reported as mean  ±  standard deviation (SD) or me‐
dian (interquartile range [IQR]), and categorical variables were shown 
as numbers (n) and proportions (%) of patients. Comparisons of con‐
tinuous variables between patients with and without anaemia were 
performed using Student's t‐test or Mann‐Whitney–U‐Test, as ap‐
plicable. Comparisons of categorical variables were performed using 
chi‐squared test or Fisher's exact test. Spearman's rank correlation 
was used to investigate the correlation between HVPG and Hb. Binary 
logistic regression analysis with backward elimination was performed 
to evaluate factors associated with anaemia. Kaplan‐Meier Curves 
were used to visualize the mortality as well as the development of 
hepatic decompensation during follow‐up and log‐rank test was ap‐
plied for group comparisons of patients with and without anaemia as 
well as between patient groups with different severity of anaemia. A 
two‐sided P ≤ .05 was considered statistically significant.

2.6 | Ethics

This study was approved by the ethics committee of the Medical 
University of Vienna (No. 2122/2016). The need for written in‐
formed consent was waived by the ethics committee for this retro‐
spective study.

3  | RESULTS

3.1 | Patient characteristics

In total, 951 patients undergoing HVPG and TE measurement 
within the study period were identified (Figure 1, Table 1). About 
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377 patients had to be excluded because of insufficient medical re‐
cords as well as 80 patients who did not fulfil the diagnostic criteria 
for ACLD. Finally, 494 patients were included in this retrospective 
analysis.

The majority of patients was male (n = 358, 72%) with a mean 
age of 55 ± 12 years. Chronic viral hepatitis was the most common 
aetiology of liver disease (n = 216, 44%), followed by alcoholic liver 
disease (ALD; n  =  166; 34%). While 268 patients (54%) had com‐
pensated ACLD, 226 patients (46%) had experienced at least one 
event of previous hepatic decompensation (eg development of as‐
cites/hepatic encephalopathy/variceal bleeding). Mean MELD score 
was 11.2  ±  4.1 points. While 286 patients (58%) had Child‐Pugh 
stage (CPS) A, 176 patients (36%) presented with CPS B and 32 pa‐
tients (7%) with CPS C. Varices of any size were present in 58% of 
patients (n  =  287), whereas only 10% of patients (n  =  50) had re‐
fractory ascites. Mean HVPG was 16 (IQR: 10‐21) mm Hg and 385 
patients (78%) had clinically significant portal hypertension (CSPH, 
HVPG  ≥  10  mm  Hg). One hundred and fifty patients (30%) had 
HVPG values ≥20 mm Hg. More detailed patient characteristics are 
displayed in Table 1.

3.2 | Comparison of baseline characteristics 
between patients with and without anaemia

In total, 324 patients with ACLD presented with any kind of anaemia 
(66%) (Table 1). Additionally, thrombocytopenia was present in 69% 
(n = 342) and leukopenia in 31% (n = 151). While age and body mass 
index were comparable between patients with and without anaemia 
(55 ± 12 vs 56 ± 11 years; P = .554; 26 ± 6 kg × m−2 in both groups; 
P = .587), male gender (77% vs 65%; P = .005) and ALD (41% vs 19%; 
P < .001) were significantly overrepresented in the cohort of patients 
with anaemia. Spleen size was available in 329 (67%) patients. While 
splenomegaly was present in 61% of patients without anaemia, it was 

found in 74% of patients presenting with anaemia (P = .020) including 
11 patients (5%) with extreme splenomegaly (>20 cm). Additionally, 
anaemic patients had lower serum albumin levels (34 ± 6 vs 39 ± 5 g/
dL, P < .001), a higher international normalized ratio (INR; 1.3 ± 0.3 
vs 1.2 ± 0.2, P <  .001) as well as a significantly higher MELD score 
(12.2 ± 4.3 vs 9.4 ± 2.7; P < .001). Furthermore, patients with anaemia 
had more advanced liver disease as indicated by a higher CPS (56% 
vs 17.0% CPS B/C, P < .001), and a higher proportion of patients with 
previous hepatic decompensation (60% vs 18%, P < .001), as well as 
refractory ascites (15% vs 2%, P  <  .001) and varices (69% vs 37%, 
P < .001). Moreover, HVPG was also significantly higher in patients 
with anaemia (18 (13‐22) vs 12 (8‐17) mm Hg; P < .001) resulting in 
a higher prevalence of CSPH (84% vs 66%; P <  .001). Furthermore, 
we observed a negative correlation of moderate strength between 
HVPG and level of haemoglobin (Spearman's rho: −0.382; P < .001, 
Figure 2).

Notably, in this real‐life clinical setting, only 28 patients (9%) with 
anaemia received specific medication (eg iron or vitamin B12/ folic 
acid supplementation).

3.3 | Characteristics and aetiology of anaemia

In the cohort of patients with anaemia, 72% (n = 232) presented with 
mild anaemia, while 21% (n = 68) and 7% (n = 24) had moderate and 
severe anaemia respectively (Table 2). When studying red blood cell 
indices, 78% (n = 253) had normocytic, 13% (n = 42) had microcytic 
and 9% (n = 28) had macrocytic anaemia. Accordingly, the majority 
of patients (57%, n = 184) had normochromic erythrocytes whereas 
27% (n = 89) and 19% (n = 61) were hypochromic and hyperchro‐
mic respectively. Thirty‐two per cent of patients (n = 105) suffered 
from pancytopenia. When examining possible reasons for anaemia, 
gastrointestinal bleeding could be identified as leading cause in 80 
patients (25%), iron deficiency in 28 patients (9%), vitamin B12/folic 

F I G U R E  1   Patient flowchart. HVPG, 
hepatic venous pressure gradient; TE, 
transient elastography; Hb haemoglobin n = 377 insufficient medical records

n = 494 (100%) pa�ent records evaluated for presence and types of anemia

n = 324 (66%) with anemian = 170 (34%) without anemia

n = 951 consecu
ve pa
ents undergoing HVPG measurement (08/2007 - 12/2015)

n = 80 absence of advanced chronic liver disease (TE < 10k Pa)

Median HVPG: 16 (IQR: 10-21) mmHg
- HVPG < 10 mmHg: n = 109 (22%)
- HVPG  ≥ 10-19 mmHg: n = 235 (48%)
- HVPG ≥ 20 mmHg n = 150 (30%)

Mild (Hb ≥ 10 g/dL): n = 232 (72%)

Moderate (Hb < 10 g/dL): n = 68(21%)

Severe (Hb < 8 g/dL): n = 24 (7%)
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acid deficiency in 26 patients (8%) and renal anaemia in 16 patients 
(5%). Furthermore, anaemia was attributed to haemolysis in two pa‐
tients and to chronic inflammation in one patient. Importantly, in 
171 patients (53% the diagnostic workup was suboptimal to deter‐
mine the exact type and aetiology of anaemia.

While gastroscopy is mandatory in this patient population in 
order to screen for gastroesophageal varices, colonoscopy is usually 
just performed after the age of 50  years for routine colon cancer 
screening or if there is the clinical suspicion of lower GI‐bleeding. 
During the study period, 55 (17%) patients with and 14 (8%) patients 
without anaemia underwent colonoscopy.

Additionally, while 63 (13%) patients were diagnosed with any 
ongoing malignancy prior to study inclusion, 34 (7%) patients devel‐
oped a new HCC during the study period. The prevalence of anae‐
mia was comparable between patients with and without malignancy 
during the study period (P = .115).

3.4 | Comparison of anaemia characteristics 
between patients with different degrees of portal 
hypertension

In order to study the influence of portal hypertension on types and severity 
of anaemia, patients' characteristics were compared between the following 
HVPG strata: <10 mm Hg (n = 50), 10‐19 mm Hg (n = 144) and ≥ 20 mm Hg 
(n  =  130) (Table 2.). Severity of anaemia increased with rising HVPG. 
Moderate‐severe anaemia was present in 22% (n = 11) of patients with 
HVPG < 10 mm Hg, 24% (n = 34) in patients with HVPG 10‐19 mm Hg and 
36% (n = 47) in patients with HVPG ≥ 20 mm Hg (P = .031). Interestingly, 
MCH was increasing with level of HVPG leading to hyperchromic anaemia 
in 4% (n = 2), 19% (n = 28) and 24% (n = 31) in the strata of patients with 
HVPG < 10 mm Hg, 10‐19 mm Hg and ≥20 mm Hg respectively (P = .026). 
The same was observed for MCV. The prevalence of macrocytic anaemia 
increased numerically, yet not statistically significantly, from 2% (n = 1) to 

 
All patients, 
n = 494

Without Anaemia, 
n = 170

Any anaemia, 
n = 324 P‐value

Sex, male/female (% male) 358/136 (72%) 110/60 (65%) 248/76 (77%) .005

Age, years 55 ± 12 56 ± 11 55 ± 12 .554

BMI, kg×m−2 26 ± 6 26 ± 6 26 ± 6 .587

Aetiology

Alcohol, n (%) 166 (34%) 32 (19%) 134 (41%) <.001

Viral hepatitis, n (%) 216 (44%) 107 (63%) 109 (34%)

Other, n (%) 58 (11%) 16 (9%) 42 (13%)

Cryptogenic, n (%) 54 (11%) 15 (9%) 39 (12%)

Child‐Pugh score (points) 7 ± 2 6 ± 1 7 ± 2 <.001

CPS A 286 (58%) 141 (83%) 145 (45%) <.001

CPS B 176 (36%) 25 (15%) 151 (47%)

CPS C 32 (7%) 4 (2%) 28 (9%)

MELD points 11.2 ± 4.1 9.4 ± 2.7 12.2 ± 4.3 <.001

Compensated liver disease, 
n (%)

268 (54%) 140 (82%) 128 (40%) <.001

Refractory ascites (n, %) 50 (10%) 3 (2%) 47 (15%) <.001

INR 1.2 ± 0.3 1.2 ± 0.2 1.3 ± 0.3 <.001

Albumin, g/L 36 ± 6 39 ± 5 34 ± 6 <.001

Platelet count, G/L 126 ± 70 129 ± 59 125 ± 75 .515

Varices, n (%)a 287 (58%) 63 (37%) 224 (69%) <.001

HVPG, mm Hg (IQR) 16 (10‐21) 12 (8‐17) 18 (13‐22) <.001

HVPG < 10 mm Hg (n, %) 109 (22%) 59 (35%) 50 (15%) <.001

HVPG ≥ 10‐19 mm Hg, 
n (%)

235 (48%) 91 (54%) 144 (44%)

HVPG ≥ 20 mm Hg, n (%) 150 (30%) 20 (12%) 130 (40%)

Haemoglobin levels (g/dL) 12 ± 2 14 ± 1 11 ± 2 <.001

Treatment for anaemia 32 (6%) 4 (2%) 28 (9%) .007

P‐values shown in bold indicate statistical significance.
Abbreviations: BMI, body‐mass‐index; INR, international normalized ratio; MELD, model for end‐
stage liver disease; HVPG, hepatic venous pressure gradient.
aInformation on the presence/absence of varices was available in 356 patients (100 without and 
256 with anaemia). 

TA B L E  1   Comparison of ACLD 
patients with and without anaemia
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9% (n = 13) and 11% (n = 14; P = .348). In line, prevalence of pancytopenia 
increased as well (18% (n = 9) vs 37% (n = 53) vs 33% (n = 43); P = .049). 
Bleeding (12 vs 26% vs 28%), iron‐deficiency (4 vs 10% vs 8%) and vitamin 
B12/folic acid deficiency (2 vs 8% vs 11%) were overrepresented in pa‐
tients with more advanced portal hypertension (P = .012).

3.5 | Factors associated with anaemia in 
ACLD patients

Binary logistic regression analysis was used to determine factors in‐
dependently associated with anaemia (Table 3). Characteristics being 
significantly different between patients with and without anaemia in 
univariate analysis (sex, aetiology of liver disease, MELD score, the pres‐
ence of varices, history of previous decompensation and level of HVPG) 
were included in the multivariate model. After backward elimination, 
male gender (odds ratio [OR]: 1.94 [95% CI: 1.09‐3.47], P  =  .025), 
MELD (OR per point: 1.20 [95% CI: 1.09‐1.32], P < .001), hepatic de‐
compensation (OR: 4.40 [95% CI: 2.48‐7.82], P < .001) and HVPG (OR 
per mm Hg: 1.07 [95% CI: 1.02‐1.13], P =  .004) were independently 
associated with the presence of anaemia in patients with ACLD.

3.6 | Impact of anaemia on hepatic decompensation, 
hospitalization, development of ACLF, overall 
survival and liver‐related mortality

Median follow‐up was 33.5 (IQR: 34.5) months (Figures 3, 4A,B, 
Table 4). During this follow‐up, hepatic decompensation occurred 
significantly more often in patients with vs without anaemia (1 year: 
25.1% vs 8.1%; 5 years: 60.3% vs 32.9%; P < .0001; Figure 3A). The 

F I G U R E  2   Correlation between degree of anaemia and portal 
pressure (HVPG). HVPG, hepatic‐venous pressure gradient

TA B L E  2   Comparison of anaemia characteristics between patients with different degree of portal hypertension

 
All patients, 
n = 324

HVPG < 10 mm Hg, 
n = 50

HVPG 10‐19 mm Hg, 
n = 144

HVPG ≥ 20 mm Hg, 
n = 130 P‐value

Severity of anaemia .031

Mild (Hb ♀<12/♂<13.5 g/dL) 232 (72%) 39 (78%) 110 (76%) 83 (64%)

Moderate (Hb < 10 g/dL) 68 (21%) 10 (20%) 21 (15%) 37 (28%)

Severe (Hb < 8 g/dL) 24 (7%) 1 (2%) 13 (9%) 10 (8%)

MCV .348

Microcytic (<78 fL) 42 (13%) 5 (10%) 20 (14%) 17 (13%)

Normocytic (78‐98 fL) 253 (78%) 44 (88%) 111 (77%) 98 (75%)

Macrocytic (>98 fL) 28 (9%) 1 (2%) 13 (9%) 14 (11%)

MCH .026

Hypochrome (<27 pg) 89 (27%) 16 (32%) 30 (21%) 32 (25%)

Normochrome (27‐33 pg) 184 (57%) 32 (64%) 86 (60%) 66 (51%)

Hyperchrome (>33 pg) 61 (19%) 2 (4%) 28 (19%) 31 (24%)

Pancytopenia, n (%) 105 (32%) 9 (18%) 53 (37%) 43 (33%) .049

Aetiology of anaemia .012

Bleeding 80 (25%) 6 (12%) 38 (26%) 36 (28%)

Iron deficiency 28 (9%) 2 (4%) 15 (10%) 11 (8%)

Vitamin B12/folic acid deficiency 26 (8%) 1 (2%) 11 (8%) 14 (11%)

Renal anaemia 16 (5%) 6 (12%) 3 (2%) 7 (5%)

Haemolytic 2 (1%) 0 (‐) 1 (1%) 1 (1%)

Chronic inflammation 1 (1%) 1 (2%) 0 (‐) 0 (‐)

Unknown/insufficient diagnostic 
work‐up

171 (53%) 34 (68%) 76 (53%) 61 (47%)

P‐values shown in bold indicate statistical significance.
Abbreviations: Hb, haemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin.
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incidence of hepatic decompensation was increasing with the sever‐
ity of anaemia (rate of hepatic decompensation at 3 years: 66.7% in 
patients with severe, 60.7% in patients with moderate and 45.5% 
in patients with mild anaemia) compared to 24.1% in patients with 
normal haemoglobin levels (P < .0001; Figure 3B).

The percentage of patients needing hospitalization during follow‐
up was also associated with the severity of anaemia. While 57% of 
patients without anaemia were admitted, 69% of patients with mild, 
81% with moderate and 92% of patients with severe anaemia, respec‐
tively, were hospitalized during follow‐up (P < .001). Additionally, the 
median number (IQR) of hospital admissions during follow‐up was also 
increasing with severity of anaemia: from one 3 hospitalization in pa‐
tients without anaemia and with mild anaemia vs two 4 hospitalizations 
in patients with moderate and three 3 hospitalizations in patients with 
severe anaemia (P < .001) respectively.

In line, ACLF occurred in 50 (15%) patients with anaemia and 14 
(8%) patients without anaemia (P  =  .015) resulting in an ACLF inci‐
dence rate of 0.05 (95% CI: 0.04‐0.07) vs 0.03 (95% CI: 0.01‐0.04) 
per patient year. Again, ACLF incidence was highest in patients with 
severe anaemia when compared to other severity groups (25% in se‐
vere vs 21% in moderate and 13% in mild anaemia compared to 8% in 
patients with normal haemoglobin levels; P = .020; Table 4).

Patients presenting with anaemia had a significantly worse over‐
all survival when compared to patients without anaemia (1 year sur‐
vival: 87.1% vs 93.7%, 5  year survival: 50.5% vs 68.6%; P  <  .0001; 
Figure 4A). Similar findings were obtained for liver‐related mortality 

(1  year mortality: 9.7% vs 5.7%, 5  year mortality: 38.0% vs 26.9%; 
P  =  .003; Figure 4B). The significant prognostic impact of anae‐
mia was also underlined by the gradual decrease in overall survival 
(Figure 4C) and liver‐related mortality (Figure 4D) with increasing se‐
verity of anaemia.

4  | DISCUSSION

Anaemia is highly prevalent in patients with chronic diseases and 
not only associated with impaired mental and physical health, but 
also with dementia and increased mortality.2,5,6,8 Furthermore, a 
sufficient oxygen supply is critical to maintain regular organ func‐
tion especially under stress conditions or in critically ill patients. 
However, data on the prevalence of anaemia in patients with 
ACLD are very limited.13-15 The largest study in ACLD patients 
included 110 patients with cirrhosis.12 Our study comprises a 
substantially higher number of well‐characterized patients with 
ACLD, and thus, provides more robust data on prevalence and 
types of anaemia. In our study, the overall prevalence of anae‐
mia was 66% including 7% of patients with severe anaemia—
these numbers are comparable to previous analyses.12-15 We 
found a strong association between the presence of anaemia 
and indicators of more advanced liver disease such as a higher 
MELD and CPS scores and higher severity of portal hyperten‐
sion (eg a higher prevalence of CSPH, hepatic decompensation 

Patient characteristics

First step Last step

OR 95% CI P‐value OR 95% CI P‐value

Sex

Female 1     1    

Male 1.93 1.07‐3.49 .030 1.94 1.09‐3.47 .025

Aetiology

Alcohol 1     — — —

Viral 0.55 0.27‐1.10 .090

Other 0.88 0.37‐3.19 .876

Unknown 0.73 0.27‐1.99 .541

MELD

Per point 1.18 1.07‐1.30 .001 1.20 1.09‐1.32 <.001

Presence of varices

No 1     — — —

Yes 1.61 0.80‐3.23 .180

Previous decompensation

No 1          

Yes 3.59 1.96‐6.59 <.001 4.40 2.48‐7.82 <.001

Level of HVPG

Per point 1.06 1.01‐1.12 .033 1.07 1.02‐1.13 .004

P‐values shown in bold indicate statistical significance.
Abbreviations: 95% CI, 95% confidence interval; CAP, controlled attenuation parameter; HVPG, 
hepatic venous pressure gradient; MELD, model for end‐stage liver disease; OR odds ratio.

TA B L E  3   Risk factors for the 
development of anaemia in ACLD patients
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and refractory ascites). These findings indicate that anaemia is 
closely linked to ACLD and portal hypertension and its complica‐
tions in these patients.30 The pathogenic link between CSPH and 
increased severity of anaemia is also supported by the negative 
correlation between the level of haemoglobin and HVPG, which 
has been previously suggested in a smaller group of patients.14 
Furthermore, we found a higher prevalence of moderate‐severe 
anaemia in patients with more advanced portal hypertension. 
Pathogenic factors for portal hypertension‐induced anaemia 
likely include gastrointestinal (congestive) bleedings and pancy‐
topenia as a result of hypersplenism.22,23

Patients with ALD had a higher prevalence of anaemia in our 
cohort. As a matter of fact, alcohol abuse is the most common 
cause of vitamin B12 and/or folic acid deficiency.24 In ALD patients 
with ACLD, this effect might even be amplified by other causes 
of anaemia resulting in 81% of patients with alcoholic ACLD suf‐
fering from anaemia. Importantly, ALD aetiology was more com‐
mon in patients with more advanced portal hypertension: ALD 
prevalence: 8% in patients with HVPG < 10 mm Hg, 44% in HVPG 
10‐19  mm  Hg, 48% in patients with HVPG  ≥  20  mm  Hg. In line, 
we found increasing numbers of macrocytic and hyperchromic 

anaemia as well as vitamin B12/folic acid deficiency with increas‐
ing HVPG.

The role of iron‐deficiency as a contributor to anaemia in ACLD 
patients remains controversial as decreased levels of hepcidin have 
been observed in patients with cirrhosis and hepatocellular carci‐
noma (HCC). This finding was associated with an acquired iron over‐
load which may promote liver fibrosis and HCC development.41-44 
Furthermore, low serum transferrin and high serum ferritin levels 
have been observed in patients with cirrhosis. Level of serum fer‐
ritin was recently even reported to be an independent predictor of 
short‐term mortality.45 Interestingly, in our cohort, only approxi‐
mately 10% of patients were diagnosed with iron‐deficiency.46 This 
rather low prevalence of iron deficiency might be explained by the 
fact that even a low amount of alcohol consumption seems to re‐
duce the risk of developing iron‐deficiency anaemia by 40%.47 It 
remains to be determined if iron overload associated with hepatic 
inflammation and fibrosis may interfere with iron deficiency in 
cirrhosis.

Importantly, the presence and severity of anaemia was linked to 
adverse outcomes. Hepatic decompensation was observed at a sig‐
nificantly higher rate in patients with anaemia. In addition, patients 
with anaemia were more frequently hospitalized and developed ACLF 
more often. The incidence rate of ACLF was gradually increasing with 
the severity of anaemia. Just recently, anaemia was found to be an 
independent predictor for the development of ACLF – next to mean 
arterial pressure, the presence of ascites and the MELD.48 Finally, the 
higher incidence of hepatic decompensation and ACLF also trans‐
lated into higher liver‐related mortality and worse overall survival.

Anaemia was reported to develop early in the course of liver cir‐
rhosis – after a median duration of 3.3 years after diagnosis.14 Thus, 
timely treatment of anaemia, which is a potentially reversible con‐
tributor to impaired physical and mental state,27 quality of life28,49 
and even survival,15,20,29 is likely to impact on the morbidity and 
mortality of patients with ACLD. In our cohort, the exact aetiology 
of anaemia could not be determined in 53% of patients as a result of 
suboptimal diagnostic workup of anaemia within 2 months prior to 
or after HVPG measurement. Nevertheless, in this study, the diag‐
nostic workup for anaemia prior to presentation at our department 
might not have been adequately recorded. We thus believe that di‐
agnostic testing for anaemia is often suboptimal in patients with 
cirrhosis, which is also represented by the low number of specific 
aetiological treatments for anaemia in this cohort. Both numbers 
emphasize that anaemia is still underappreciated and neglected in 
cirrhosis in clinical routine. However, optimal management of anae‐
mia in these patients needs specific attention and proper screening 
and treatment strategies should be implemented.

This study has several limitations. First of all, following to the 
retrospective study design, some parameters were not available in 
all patients. However, this patient cohort represents a real‐life co‐
hort highlighting the urgent need for proper anaemia management. 
Nevertheless, the prevalence of specific aetiologies of anaemia 
might have been under‐ or overestimated as a result of complex eval‐
uation criteria and missing data. Unfortunately, interesting aspects 

F I G U R E  3   Hepatic decompensation during follow‐up in (A) 
patients with and without anaemia and in (B) groups of patients 
with different severity of anaemia
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such as spleen size or the presence of acanthocytes could not be 
evaluated retrospectively.

In summary, this is the largest study up to date on the prevalence 
of and risk factors for anaemia in a thoroughly characterized cohort of 

patients with cirrhosis – including data on HVPG. The risk of anaemia 
is associated with the degree of liver dysfunction, ALD aetiology, and 
portal hypertension. More attention in terms of diagnostic workup and 
specific treatment strategies for anaemia in ACLD patients is warranted.

F I G U R E  4   Comparison of (A) overall survival and (B) liver‐related mortality between patients with and without anaemia as well as (C) 
overall survival and (D) liver‐related survival in groups of patients with different severity of anaemia

TA B L E  4   Acute‐on‐chronic liver failure (ACLF), hospitalizations and liver‐related hospitalizations in regard to severity of anaemia

  No anaemia (Hb > LLN), n = 170 Anaemia (Hb < LLN), n = 324 P‐value

Follow‐up (months, median, range) 36.7 (33.8) 32.2 (35.1) .040

Development of ACLF, n (%) 14 (8%) 50 (15%) .015

Incidence‐rate of ACLF (per patient year of 
follow‐up)

0.03 (95% CI: 0.01‐0.04) 0.05 (95% CI: 0.04‐0.07) —

 

No anaemia 
(Hb > LLN), 
n = 170

Mild anaemia 
(Hb < LLN ‐ 
10 mg/dL), 
n = 232

Moderate anaemia 
(10‐8 mg/dL), 
n = 68

Severe anaemia 
(<8 g/dL), n = 24 P‐value

Development of ACLF, n (%) 14 (8%) 30 (13%) 14 (21%) 6 (25%) .020

Number (%) of patients with hospitalization 97 (57%) 160 (69%) 55 (81%) 22 (92%) <.001

Number of (liver‐related) hospitalization 
during follow‐up, median (range)

1 (3) 1 (3) 2 (4) 3 (3) <.001

P‐values shown in bold indicate statistical significance.
Abbreviations: Hb, haemoglobin; LLN, lower (gender‐specific) limit of normal.
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