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Abstract
BACKGROUND 
Patients with hepatitis B virus-associated acute-on-chronic liver failure (HBV-
ACLF) present a complex and poor prognosis. Systemic inflammation plays an 
important role in its pathogenesis, and interleukin-6 (IL-6) as a pro-inflammatory 
cytokine is related with severe liver impairment and also plays a role in 
promoting liver regeneration. Whether serum IL-6 influences HBV-ACLF 
prognosis has not been studied.

AIM 
To determine the impact of serum IL-6 on outcome of patients with HBV-ACLF.

METHODS 
We performed a retrospective study of 412 HBV-ACLF patients. The findings 
were analyzed with regard to mortality and the serum IL-6 level at baseline, as 
well as dynamic changes of serum IL-6 within 4 wk.

RESULTS 
The serum IL-6 level was associated with mortality. Within 4 wk, deceased 
patients had significantly higher levels of IL-6 at baseline than surviving patients 
[17.9 (7.3-57.6) vs 10.4 (4.7-22.3), P = 0.011]. Patients with high IL-6 levels (> 11.8 
pg/mL) had a higher mortality within 4 wk than those with low IL-6 levels (≤ 11.8 
pg/mL) (24.2% vs 13.2%, P = 0.004). The odds ratios calculated using univariate 
and multivariate logistic regression were 2.10 (95% confidence interval [CI]: 1.26-
3.51, P = 0.005) and 2.11 (95%CI: 1.15-3.90, P = 0.017), respectively. The mortality 
between weeks 5 and 8 in patients with high IL-6 levels at 4 wk was 15.0%, which 
was significantly higher than the 6.6% mortality rate in patients with low IL-6 
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levels at 4 wk (hazard ratio = 2.39, 95%CI: 1.05-5.41, P = 0.037). The mortality was 
5.0% in patients with high IL-6 levels at baseline and low IL-6 levels at 4 wk, 7.5% 
in patients with low IL-6 levels both at baseline and at 4 wk, 11.5% in patients 
with low IL-6 levels at baseline and high IL-6 levels at 4 wk, and 16.7% in patients 
with high IL-6 levels both at baseline and at 4 wk. The increasing trend of the 
mortality rate with the dynamic changes of IL-6 was significant (P for trend = 
0.023).

CONCLUSION 
A high level of serum IL-6 is an independent risk factor for mortality in patients 
with HBV-ACLF. Furthermore, a sustained high level or dynamic elevated level 
of serum IL-6 indicates a higher mortality.

Key words: Hepatitis B virus; Liver failure; Prognosis; Interleukin-6

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: To triage and prognosticate the outcome is vital for management of patients with 
hepatitis B virus-associated acute-on-chronic liver failure (HBV-ACLF). Interleukin-6 
(IL-6) is related with the physiology and pathology of the liver. We found that a high level 
of serum IL-6 was an independent risk factor for mortality in patients with HBV-ACLF. 
HBV-ACLF patients with high levels of IL-6 showed a high mortality, especially in those 
with persistent high levels within 4 wk, indicating that IL-6 is an index of prognosis for 
HBV-ACLF.

Citation: Zhou C, Zhang N, He TT, Wang Y, Wang LF, Sun YQ, Jing J, Zhang JJ, Fu SN, 
Wang X, Liang XX, Li X, Gong M, Li J. High levels of serum interleukin-6 increase mortality 
of hepatitis B virus-associated acute-on-chronic liver failure. World J Gastroenterol 2020; 
26(30): 4479-4488
URL: https://www.wjgnet.com/1007-9327/full/v26/i30/4479.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i30.4479

INTRODUCTION
Hepatitis B virus-associated acute-on-chronic liver failure (HBV-ACLF), as the major 
form of acute-on-chronic liver failure (ACLF) in China[1-3], is a severe syndrome 
manifesting as acute exacerbation of liver dysfunction in patients with previously 
diagnosed or undiagnosed chronic liver disease due to the hepatitis B virus[4]. The 
reported prognosis of HBV-ACLF is very poor, with a 3-mo mortality rate over 50% 
without liver transplantation[5]. However, it is still a potentially reversible disease 
under the condition of intensive care and treatment[6]. Therefore, distinguishing 
patients with a high mortality risk or reversibility from all patients is helpful for the 
management of HBV-ACLF, and the identification of prognostic factors is critical.

Systemic inflammatory reactions are considered to be signs of ACLF[7,8]. 
Furthermore, inflammatory reactions play an important role in the pathogenesis and 
influence the outcome of ACLF[8-11]. The white cell count and plasma C-reactive protein 
levels are higher in patients with ACLF than in those with “mere” acute 
decompensated cirrhosis without ACLF[7], indicates an excessive inflammatory 
response at early stages of ACLF. Interleukin-6 (IL-6) as a pro-inflammatory cytokine 
is an important inducer of infectious defense and a measure of inflammation that is 
detectable earlier and is more sensitive than CRP[12,13], and IL-6 pathway is related with 
the physiology and pathology of the liver. The prognostic value of IL-6 has been 
studied in patients with end-stage liver diseases[14]. Our study aimed to explore 
whether IL-6 influences HBV-ACLF prognosis and identify the specific effects of IL-6 
on HBV-ACLF outcome.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v26/i30/4479.htm
https://dx.doi.org/10.3748/wjg.v26.i30.4479


Zhou C et al. Impact of IL-6 on prognosis of HBV-ACLF

WJG https://www.wjgnet.com 4481 August 14, 2020 Volume 26 Issue 30

MATERIALS AND METHODS
Patients
We retrospectively analyzed HBV-ACLF patients from the National Twelve Five-Year 
Science and Technology Major Project of China (ChiCTR-TRC-00000766). A 
multicenter study was conducted from November 31, 2012 to December 31, 2014. All 
patients from the following 17 clinical institutions were enrolled: 302 Military 
Hospital, Beijing Ditan Hospital, Beijing Youan Hospital, Shanghai Public Health 
Clinical Center, Tongji Hospital, Tianjin Infectious Disease Hospital, Fuzhou Infectious 
Disease Hospital, Hubei Provincial Hospital of Traditional Chinese Medicine, Jilin 
Hepatobiliary Hospital, The First Affiliated Hospital of Guangxi University of 
Traditional Chinese Medicine, The First Affiliated Hospital of Hunan University of 
Traditional Chinese Medicine, The Third Affiliated Hospital of Zhongshan University, 
The Sixth People’s Hospital of Shenyang, Xixi Hospital of Hangzhou, Shenzhen 
Traditional Chinese Medicine Hospital, The Third People’s Hospital of Shenzhen, and 
Chengdu Public Health Clinical Center.

The diagnosis of HBV-ACLF was based on both ACLF and chronic liver disease due 
to HBV infection. The diagnosis of ACLF complied with the diagnostic and therapeutic 
guidelines for liver failure established in 2014[15]. ACLF is the main clinical 
manifestation of short-term acute hepatic decompensation (usually occurring within 4 
wk) on the basis of an underlying chronic liver disease. The diagnostic criteria were: 
(1) Jaundice [serum bilirubin ≥ 5 mg/dL (≥ 85 µmol/L)]; (2) Coagulopathy 
(international normalized ratio [INR] ≥ 1.5 or prothrombin activity ≤ 40%); and (3) 
Ascites and/or encephalopathy as determined by physical examination. Chronic HBV 
infection was diagnosed according to HBsAg positivity for more than 6 mo.

The inclusion criteria were: (1) Patients with chronic liver disease due to hepatitis B 
virus infection; (2) Patients with acute deteriorated liver function within 4 wk; (3) 
Patients with progressive jaundice (serum bilirubin ≥ 5 mg/dL); (4) Patients with a 
risk of bleeding (prothrombin activity ≤ 40% or INR ≥ 1.5); and (5) Ascites and/or 
encephalopathy as determined by physical examination.

The exclusion criteria were: (1) Participation in other clinical trials within the last 3 
mo; (2) Pregnancy or breastfeeding; (3) Acute or subacute hepatic failure or chronic 
hepatic failure; (4) Other etiologies such as autoimmunity, drugs, alcohol (a history of 
signicant alcohol intake was identified by the Alcohol Use Disorders Identication 
Test[16]), toxins, or parasites that may contribute to ACLF; (5) Hepatocellular 
carcinoma; (6) Other serious general or psychological diseases; (7) Human 
immunodeficiency virus infection; (8) Brain edema and/or infection at the time of 
enrollment (including septic shock and fungal infection); and (9) Type 1 hepatorenal 
syndrome (characterized by clinical features including severe progressive renal failure, 
oliguria for several days less than 2 wk, and serum creatinine > 221 μmol/L).

A flow diagram of patient selection is shown in Figure 1. A total of 1059 patients 
with HBV-ACLF were identified between 2000 and 2014, of whom 492 who did not 
fulfill the criteria and 155 without consecutive records were excluded. Ultimately, 412 
patients were included in the analysis.

Quantification of IL-6
IL-6 (Elecsys IL-6 kit, electrochemiluminescence immunoassay) was uniformly 
determined in serum using the Cobas 8000 analyzer. These samples were collected at 
enrollment and 4 wk, stored at -80°C, and then thawed for batched analysis at 
ADICON Clinical Laboratory (Shanghai, China).

Statistical analysis
Continuous variables are expressed as the mean ± standard deviation (SD) or medians 
and interquartile ranges, while categorical variables are expressed as frequencies and 
percentages. Univariable analyses included Student’s t-test for pairwise comparisons 
of parametric data distributions, the Mann-Whitney U test for pairwise comparisons of 
nonparametric distributions, and chi-square tests for comparisons of categorical 
variables. Binary logistic regression with forward elimination was used to evaluate 
factors related to prognosis. The choice of variables for the multivariable analysis was 
based on the results of univariable analysis and clinical correlation. The Cox 
proportional hazards regression was used for group comparisons of mortality between 
weeks 5 and 8. The Cochran-Armitage test for trend was used to identify whether a 
significant change in mortality was a dynamic change in IL-6. P < 0.05 was considered 
statistically significant for all tests. All statistical analyses were performed using IBM 
SPSS Statistics 20.
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Figure 1  Study flow diagram.

RESULTS
Patient characteristics
The baseline characteristics of the cohort are summarized in Table 1. We included 412 
patients, of whom 84.0% were men. The average age was 44.6 ± 10.6 years. The 
average model for end-stage liver disease (MELD) score was 24.4 ± 4.5. Clinical patient 
records revealed hyponatremia in 43.8%, spontaneous bacterial peritonitis (SBP) in 
37.0%, and infection in addition to SBP which included respiratory, urinary, digestive 
infections, and sepsis in 20.5% of the cases.

At 4 wk from study enrollment, 18.7% (77) of the patients died, and 335 patients 
survived longer than 4 wk. Of the 335 surviving patients, 89 had no detectable IL-6 
and were excluded. Of the 246 patients with detectable IL-6 at 4 wk, 8.9% died 
between weeks 5 and 8. The comparison between 89 patients without IL-6 with 246 
patients with detectable IL-6 is demonstrated in Supplementary Table 1.

Comparison of baseline characteristics between surviving patients and deceased 
patients
The baseline characteristics between surviving patients and deceased patients within 4 
wk were compared in Table 2. Deceased patients had higher IL-6 levels than surviving 
patients [17.9 (7.3-57.6) vs 10.4 (4.7-22.3), P = 0.011], as well as higher bilirubin levels 
(22.4 ± 8.1 vs 19.0 ± 7.7, P = 0.001), higher creatinine levels (85.1 ± 40.8 vs 71.6 ± 21.7, P = 
0.006), a higher white blood cell count (WBC) (8.3 ± 4.1 vs 7.0 ± 3.0, P = 0.015), a higher 
INR (2.7 ± 0.7 vs 2.7 ± 0.7, P < 0.001), and a significantly higher MELD score (27.8 ± 4.5 
vs 23.6 ± 4.2; P < 0.001). Additionally, deceased patients were older than surviving 
patients (47.6 ± 10.2 vs 43.9 ± 10.6, P = 0.007).

Furthermore, deceased patients had higher proportions of patients with hepatic 
encephalopathy (HE) (26.7% vs 11.1%; P < 0.001), upper gastrointestinal bleeding 
(UGB) (7.8% vs 1.5%; P = 0.002), and renal dysfunction (11.8% vs 1.8%; P < 0.001). The 
presence of SBP (37.7% vs 34.2%; P = 0.575), infection excluding SBP (19.5% vs 25.0%; P 
= 0.286), and hyponatremia (41.9% vs 51.9%; P = 0.151) was comparable between 
surviving patients and deceased patients. There was no significant difference in the 
levels of albumin, globulin, alanine transaminase (ALT), aspartate transaminase (AST), 
γ-glutamyl transferase (GGT), hemoglobin, platelet count, hepatitis B virus 
deoxyribonucleic acid (HBV DNA), or the proportion of males.

https://f6publishing.blob.core.windows.net/c07fe5f0-8395-40d3-a16d-6e362ecd088f/WJG-26-4479-supplementary-material.pdf
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Table 1 Comparisons of deceased and surviving patients

Parameter All patients (n = 412) Surviving patients (n = 335) Deceased patients (n = 77) P value

Age (yr) 44.6 ± 10.6 43.9 ± 10.6 47.6 ± 10.2 0.007

Male, n (%) 346 (84.0) 279 (83.3) 67 (87.0) 0.421

Albumin (g/L) 30.8 ± 12.3 30.5 ± 5.1 32.2 ± 6.7 0.587

Globulin (g/L) 29.6 ± 9.0 29.7 ± 8.9 29.2 ± 9.4 0.624

Bilirubin (mg/dL) 19.6 ± 7.9 19.0 ± 7.7 22.4 ± 8.1 0.001

ALT (U/L) 145 (63-360) 151 (63-353) 183 (74-458) 0.255

AST (U/L) 153 (86-299) 143 (85-285) 189 (110-363) 0.100

GGT (U/L) 67 (40-101) 69 (40-102) 57 (39-94) 0.226

Creatinine (μmol/L) 74.2 ± 26.8 71.6 ± 21.7 85.1 ± 40.8 0.006

INR 2.3 ± 0.6 2.7 ± 0.7 2.7 ± 0.7 < 0.001

WBC (× 109/L) 7.3 ± 3.3 7.0 ± 3.0 8.3 ± 4.1 0.015

Hemoglobin (g/L) 115 ± 23 117 ± 21 111 ± 29 0.095

Platelet count (× 109/L) 89 ± 45 90 ± 43 85 ± 53 0.367

HBV DNA (log10 IU/mL) 3.1 ± 2.3 3.0 ± 2.3 3.3 ± 2.4 0.467

MELD 24.4 ± 4.5 23.6 ± 4.2 27.8 ± 4.5 < 0.001

HE, n (%) 57 (13.9) 37 (11.1) 20 (26.7) < 0.001

UGB, n (%) 11 (2.7) 5 (1.5) 6 (7.8) 0.002

SBP, n (%) 151 (37.0) 125 (37.7) 26 (34.2) 0.575

Infection excluding SBP, n (%)1 84 (20.5) 65 (19.5) 19 (25.0) 0.286

Hyponatremia, n (%) 178 (43.8) 138 (41.9) 40 (51.9) 0.151

Renal disfunction, n (%)2 15 (3.7) 6 (1.8) 9 (11.8) < 0.001

IL-6 (pg/mL) 11.8 (5.4-25.9) 10.4 (4.7-22.3) 17.9 (7.3-57.6) 0.011

1Including respiratory, urinary, and digestive infections, as well as sepsis. 
2Serum creatinine level ranging from 1.5 to 1.9 mg/dL[7]. P values shown in bold indicate statistical significance. ALT: Alanine transaminase; AST: 
Aspartate transaminase; GGT: γ-glutamyl transferase; INR: International normalized ratio; WBC: White blood cell count; HBV DNA: Hepatitis B virus 
deoxyribonucleic acid; MELD: Model for end-stage liver disease; HE: Hepatic encephalopathy; UGB: Upper gastrointestinal bleeding; SBP: Spontaneous 
bacterial peritonitis; IL-6: Interleukin-6.

Characteristics of patients with different levels of IL-6
According to the median IL-6 level (11.8 pg/mL), patients were classified into two 
groups: Patients with high IL-6 levels and those with low IL-6 levels (Table 2). The 
mortality of patients with high levels of IL-6 was 24.2%, which was significantly higher 
than 13.2% in patients with low levels of IL-6. Additionally, patients with low levels of 
IL-6 presented with higher levels of albumin (32.1 ± 16.8 vs 29.6 ± 4.7; P = 0.039), GGT 
[74 (42, 117) vs 61 (38, 95); P = 0.018], and hemoglobin (118 ± 23 vs 113 ± 23; P = 0.036).

Factors associated with the prognosis of HBV-ACLF patients
Binary logistic regression analysis was used to determine factors independently 
associated with outcomes (Table 3). Characteristics that were significantly different 
between surviving patients and deceased patients in univariate analysis (IL-6, age, 
bilirubin, creatinine, INR, hemoglobin, as well as the presence of HE, UGB, and renal 
dysfunction) were included in the multivariate model. After forward elimination, age 
(odds ratio [OR] = 1.04, 95% confidence interval [CI]: 1.01-1.07, P = 0.005), bilirubin 
(OR = 1.04, 95%CI: 1.002-1.08, P = 0.037), creatinine (OR = 1.02, 95%CI: 1.01-1.03, P = 
0.001), INR (OR = 3.54, 95%CI: 2.19-5.72, P < 0.001), presence of HE (OR = 2.47, 95%CI: 
1.15-5.32, P = 0.021), presence of UGB (OR = 4.73, 95%CI: 1.02-21.98, P = 0.047), and 
levels of IL-6 (OR = 2.11, 95%CI: 1.15-3.90, P = 0.017) were independently associated 
with the prognosis of HBV-ACLF patients.



Zhou C et al. Impact of IL-6 on prognosis of HBV-ACLF

WJG https://www.wjgnet.com 4484 August 14, 2020 Volume 26 Issue 30

Table 2 Comparisons of characteristics between patients with different levels of interleukin-6

Parameter High IL-6 level (n = 207) Low IL-6 level (n = 205) P value

Age (yr) 44.8 ± 10.7 44.5 ± 10.5 0.777

Male, n (%) 172 (83.1) 174 (84.9) 0.621

Albumin (g/L) 29.6 ± 4.7 32.1 ± 16.8 0.039

Globulin (g/L) 29.8 ± 9.3 29.5 ± 8.7 0.795

Bilirubin (mg/dL) 20.0 ± 8.0 19.3 ± 7.8 0.362

ALT (U/L) 119 (63, 333) 178 (64, 433) 0.070

AST (U/L) 148 (84, 277) 167 (92, 361) 0.132

GGT (U/L) 61 (38, 95) 74 (42, 117) 0.018

Creatinine (μmol/L) 75.8 ± 28.8 72.5 ± 24.7 0.222

INR 2.3 ± 0.6 2.3 ± 0.6 0.924

WBC (× 109/L) 7.5 ± 3.6 7.0 ± 2.9 0.149

Hemoglobin (g/L) 113 ± 23 118 ± 23 0.036

Platelet count (× 109/L) 89 ± 49 90 ± 42 0.815

HBVDNA (log10 IU/mL) 3.1 ± 2.4 3.1 ± 2.2 0.825

MELD 24.7 ± 4.6 24.2 ± 4.4 0.241

HE, n (%) 33 (16.1) 24 (11.8) 0.206

UGB, n (%) 7 (3.4) 4 (2.0) 0.368

SBP, n (%) 73 (35.8) 78 (38.2) 0.608

Infection excluding SBP, n (%)1 43 (21.0) 41 (20.1) 0.826

Hyponatremia, n (%) 94 (43.8) 90 (42.5) 0.266

Renal disfunction, n (%)2 9 (4.4) 6 (2.9) 0.441

Mortality, n (%) 50 (24.2) 27 (13.2) 0.004

1Including respiratory, urinary, and digestive infections, as well as sepsis. 
2Serum creatinine level ranging from 1.5 to 1.9 mg/dL[7]. P values shown in bold indicate statistical significance. ALT: Alanine transaminase; AST: 
Aspartate transaminase; GGT: γ-glutamyl transferase; INR: International normalized ratio; WBC: White blood cell count; MELD: Model for End-stage Liver 
Disease; HE: Hepatic encephalopathy; UGB: Upper gastrointestinal bleeding; SBP: Spontaneous bacterial peritonitis; IL-6: Interleukin-6.

Impact of IL-6 on mortality of HBV-ACLF patients
Patients with high levels of IL-6 had a significantly higher 4-wk mortality than patients 
with low levels of IL-6 (15.0% vs 6.6%, P = 0.035). High levels of IL-6 at 4 wk (hazard 
ratio = 2.39, 95%CI: 1.05-5.41, P = 0.037) was independently associated with the high 
mortality between weeks 5 and 8 in patients with HBV-ACLF (Table 4).

According to the dynamic changes in IL-6 within 4 wk, patients were classified into 
four groups (A, B, C, and D): Patients with high IL-6 levels at baseline and low IL-6 
levels at 4 wk; those with low IL-6 levels both at baseline and at 4 wk; those with low 
IL-6 levels at baseline and high IL-6 levels at 4 wk; and those with high IL-6 levels both 
at baseline and at 4 wk. The mortality rates were 5.0% in group A, 7.5% in group B, 
11.5% in group C, and 16.7% in group D. There was a significant difference in the 
dynamic change in mortality among the four groups (P = 0.023) (Table 5).

DISCUSSION
Our study found that higher IL-6 at baseline was present in deceased patients with 
HBV-ACLF at 4 wk than in surviving patients, and IL-6 was an independent factor 
influencing the prognosis of HBV-ACLF. The results of the first 4 wk and the following 
4 wk showed that HBV-ACLF patients with high IL-6 levels had more than twice the 
risk of death than those with low IL-6 levels. It indicated IL-6 could be used as an 
auxiliary indicator of prognosis, and dynamic changes predicted the outcomes of 
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Table 3 Risk factors associated with prognosis in hepatitis B virus-associated acute-on-chronic liver failure patients

First step Last step
Parameter

OR 95%CI P value OR 95%CI P value

Age, per yr 1.03 1.01-1.06 0.008 1.04 1.01-1.07 0.009

Bilirubin, per 1 mg/dL 1.05 1.02-1.09 0.001 1.04 1.002-1.08 0.037

Albumin, per 1 g/L 1.01 0.99-1.03 0.339 - - -

Creatinine, per 1 μmol/L 1.02 1.01-1.03 < 0.001 1.02 1.01-1.03 0.001

INR, per 1 unit 3.46 2.27-5.28 < 0.001 3.54 2.19-5.72 < 0.001

ALT, per 1 U/L 1.00 1.00-1.00 0.197 - - -

AST, per 1 U/L 1.00 1.00-1.00 0.093 - - -

GGT, per 1 U/L 1.00 0.99-1.00 0.132 - - -

Hemoglobin, per 1 g/L 0.99 0.98-1.00 0.042 - - -

HE (yes vs no1) 2.92 1.58-5.40 0.001 2.47 1.15-5.32 0.021

UGB (yes vs no1) 5.54 1.65-18.67 0.006 4.73 1.02-21.98 0.047

Hyponatremia (yes vs no1) 1.37 0.99-1.90 0.057 - - -

Renal disfunction (yes vs no1)2 7.34 2.53-21.32 < 0.001 - - -

IL-6, pg/ml (> 11.8 vs ≤ 11.81) 2.10 1.26-3.51 0.005 2.11 1.15-3.90 0.017

1Reference value. 
2Serum creatinine level ranging from 1.5 to 1.9 mg/dL[7]. P values shown in bold indicate statistical significance. OR: Odds ratio; CI: Confidence interval; 
INR: International normalized ratio; ALT: Alanine transaminase; AST: Aspartate transaminase; GGT: γ-glutamyl transferase; HE: Hepatic encephalopathy; 
UGB: Upper gastrointestinal bleeding; IL-6: Interleukin-6.

Table 4 Mortality between weeks 5 to 8 according to interleukin 6 levels at 4 wk

Mortality P value HR (95%CI) P value

With low levels of IL-6 (n = 166) 11 (6.6%) 1

With high levels of IL-6 (n = 80) 12 (15.0%)

0.035

2.39 (1.05-5.41) 0.037

P values shown in bold indicate statistical significance. HR: Hazard ratio; CI: Confidence interval; IL-6: Interleukin-6.

Table 5 Mortality according to the dynamic changes in interleukin-6 within 4 wk

Mortality HR (95%CI) P value P value for trend

Group A (n = 60) 3 (5.0%) 1

Group B (n = 106) 8 (7.5%) 1.53 (0.41-5.78) 0.528

Group C (n = 26) 3 (11.5%) 2.41 (0.49-12.0) 0.281

Group D (n = 54) 9 (16.7%) 2.80 (0.72-10.83) 0.136

0.023

P values shown in bold indicate statistical significance. A: Patients with high interleukin 6 (IL-6) levels at baseline and low IL-6 levels at 4 wk; B: Patients 
with low IL-6 levels both at baseline and at 4 wk; C: Patients with low IL-6 levels at baseline and high IL-6 levels at 4 wk; D: Patients with high IL-6 levels 
both at baseline and at 4 wk. HR: Hazard ratio; CI: Confidence interval.

HBV-ACLF patients.
IL-6 is produced in monocytes, macrophages, T cells, fibroblasts, and endothelial 

cells and initiates the production of acute-phase proteins[17]. Elevated IL-6 is viewed as 
a distinctly proinflammatory cytokine, promptly activating the host defense system to 
perform diverse functions[17]. Early and direct IL-6 signals were involved in aiding 
immune responses at the site of infection during heterosubtypic challenge[18]. Some 
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studies reported that IL-6 was a more suitable parameter in cases of severe systemic 
inflammation for patients with severe liver impairment than WBC or CRP[14]. However, 
excessive and persistent IL-6 is involved in liver injury[19,20]. In our study, there were 
slight differences in albumin, GGT, and hemoglobin between the two levels of IL-6, 
but there was no correlation with MELD score, WBC count, presence of complications, 
or even infections in different locations. This could be related to the induced 
expression of IL-6 in the acute phase response being different from that in the chronic 
state[17]. The duration of the acute phase response is normally 24–48 h; however, the 
infections mentioned in our study were not only involved in the acute phase. In 
addition, in our opinion, this indicates that the impact of IL-6 on prognosis was not 
only dependent on acute infections or infection-related mortality alone. The reason for 
this observation remains to be elucidated.

On the other hand, some experimental studies showed IL-6 as a cytokine with 
diverse biological functions, promoting inflammatory responses and maintaining 
tissue homeostasis, which was related to liver regeneration in an animal model of 
acute liver failure[21]. In addition, IL-6 was considered to contribute to liver tumors. The 
complex function of IL-6 is involved in class or trans-signaling in the liver[22-24]. 
Therefore, selective inhibition of IL-6 trans-signaling in the treatment of liver 
pathologies still needs further study[17]. Our contrary findings in patients with HBV-
ACLF may be explained by the pathophysiological differences between acute on-
chronic and chronic liver failure, as well as by different IL-6 effects over time in our 
patients suffering from chronic liver diseases. Acute and only shortly increased IL-6 
levels may be advantageous for liver regeneration, whereas chronic IL-6 increases may 
have disadvantageous effects on the liver and other organs. Our study found that 
dynamic changes in IL-6 were related to mortality; patients with dynamic elevated or 
sustained high levels of IL-6 had higher mortality, while patients with dynamic 
declined or sustained low levels of IL-6 had lower mortality. This result indicated that 
the level of IL-6 and its duration simultaneously influenced the development of 
disease.

This study has some limitations. It was retrospective and designed to explore the 
prognostic value of the inflammatory biomarker IL-6. Some parameters were not 
available in all patients, such as procalcitonin and CRP, and were not measured in this 
study as a result of no analysis between these parameters and IL-6, but this had no 
effect on the impact of IL-6 on prognosis. Besides, some patients lack of second IL-6 
results were not included in the analysis about the impact of dynamic changes of IL-6 
on mortality. However, we performed analysis between the excluded dataset (n = 89) 
and the 246 included patients, and the results showed no significance in characteristics 
or mortality (Supplementary Table 1). We did not distinguish infection-induced HBV-
ACLF or noninfection-induced HBV-ACLF, but we analyzed the presence of infection, 
such as SBP, in patients with different levels of IL-6. Furthermore, despite the positive 
finding of IL6 on the prognosis of HBV-ACLF, the underlying mechanism is not clear 
and needs further study.

In conclusion, this study showed that IL-6 is associated with the outcome of HBV-
ACLF and is an independent prognostic factor. IL-6 could be a promising candidate to 
predict mortality in patients with HBV-ACLF. However, further studies are necessary 
to validate and confirm the predictive value of IL-6.

ARTICLE HIGHLIGHTS
Research background
Hepatitis B virus-associated acute-on-chronic liver failure (HBV-ACLF) has a complex 
and poor prognosis. Interleukin-6 (IL-6) as a pro-inflammatory cytokine is related with 
severe liver impairment and also plays a role in promoting liver regeneration. Whether 
serum IL-6 influences HBV-ACLF prognosis has not been studied.

Research motivation
HBV-ACLF is a potentially reversible disease under the condition of intensive care and 
treatment, therefore, an index used to triage and prognosticate the outcome will 
promote timely and more appropriate management of the patients.

Research objectives
This study was conducted to determine the impact of serum IL-6 on outcome of 
patients with HBV-ACLF.

https://f6publishing.blob.core.windows.net/c07fe5f0-8395-40d3-a16d-6e362ecd088f/WJG-26-4479-supplementary-material.pdf
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Research methods
We analyzed 412 HBV-ACLF qualified cases from the dataset of National Twelve Five-
Year Science and Technology Major Project of China “Study on HBV-ACLF Treated 
with Integrated Traditional Chinese Medicine and Western Medicine”. The levels of 
serum IL-6 at baseline and 4 wk were detected and the impact of IL-6 on short-term 
mortality of patients with HBV-ACLF were analyzed.

Research results
Patients with high IL-6 levels (> 11.8 pg/mL) had a higher mortality within 4 wk than 
those with low IL-6 levels (≤ 11.8 pg/mL) (24.2% vs 13.2%, P = 0.004; odds ratio [OR] = 
2.11, 95% confidence interval [CI]: 1.15-3.90, P = 0.017). The mortality between weeks 5 
and 8 in patients with high IL-6 levels at 4 wk was 15.0%, which was significantly 
higher than the 6.6% mortality rate in patients with low IL-6 levels at 4 wk (hazard 
ratio = 2.39, 95%CI: 1.05-5.41, P = 0.037). The mortality was 5.0% in patients with high 
IL-6 levels at baseline and low IL-6 levels at 4 wk, 7.5% in patients with low IL-6 levels 
both at baseline and at 4 wk, 11.5% in patients with low IL-6 levels at baseline and 
high IL-6 levels at 4 wk, and 16.7% in patients with high IL-6 levels both at baseline 
and at 4 wk. The increasing trend of the mortality rate with the dynamic changes of IL-
6 was significant (P for trend = 0.023).

Research conclusions
Our study demonstrated that a high level of serum IL-6 increases mortality risk in 
patients with HBV-ACLF.

Research perspectives
Our results suggest that IL-6 could be a promising candidate to predict mortality in 
patients with HBV-ACLF, as well as dynamic changes of IL-6. Further prospective 
studies are required to validate and confirm the predictive value of IL-6.
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