
1

Vol.:(0123456789)

Scientific Reports |        (2021) 11:21194  | https://doi.org/10.1038/s41598-021-00455-8

www.nature.com/scientificreports

Association between immunologic 
markers and cirrhosis in individuals 
with chronic hepatitis B
Ilona Argirion1,9*, Ruth M. Pfeiffer1, Tram Kim Lam2, Thomas R. O’Brien1, Kelly Yu1, 
Katherine A. McGlynn1, Jessica L. Petrick1, Ligia Pinto3, Chien‑Jen Chen4,5, Mei‑Hsuan Lee6, 
Allan Hildesheim1, Hwai‑I Yang4,6,7,8 & Jill Koshiol1

Host immune response and chronic inflammation associated with chronic hepatitis B virus (HBV) 
infection play a key role in the pathogenesis of liver diseases such as cirrhosis and hepatocellular 
carcinoma (HCC). We sampled 175 HCC, 117 cirrhotic and 165 non-cirrhotic controls from a prospective 
cohort study of chronically HBV-infected individuals. Multivariable polytomous logistic regression 
and canonical discriminant analysis (CDA) were used to compare baseline plasma levels for 102 
markers in individuals who developed cirrhosis vs. controls and those who developed HCC vs. cirrhosis. 
Leave-one-out cross validation was used to generate receiver operating characteristic curves to 
compare the predictive ability of marker groups. After multivariable adjustment, HGF (Q4v1OR: 3.74; 
p-trend = 0.0001), SLAMF1 (Q4v1OR: 4.07; p-trend = 0.0001), CSF1 (Q4v1OR: 3.00; p-trend = 0.002), 
uPA (Q4v1OR: 3.36; p-trend = 0.002), IL-8 (Q4v1OR: 2.83; p-trend = 0.004), and OPG (Q4v1OR: 2.44; 
p-trend = 0.005) were all found to be associated with cirrhosis development compared to controls; 
these markers predicted cirrhosis with 69% accuracy. CDA analysis identified a nine marker model 
capable of predicting cirrhosis development with 79% accuracy. No markers were significantly 
different between HCC and cirrhotic participants. In this study, we assessed immunologic markers in 
relation to liver disease in chronically-HBV infected individuals. While validation in required, these 
findings highlight the importance of immunologic processes in HBV-related cirrhosis.

The World Health Organization estimates that 257 million people worldwide are living with chronic hepatitis B 
virus (HBV) infection1. In spite of significant public health efforts over the past few decades, HBV-related liver 
cirrhosis and the increased risk of hepatocellular carcinoma (HCC) among infected persons remains a major 
health concern2. Liver disease etiology is heterogeneous. Nevertheless, the estimated fractions of cirrhosis and 
HCC attributable to HBV infection are believed to be as high as 30% and 53%, respectively, corresponding to 
over 200,000 annual deaths due to cirrhosis and 300,000 annual deaths due to HCC3.

Despite being at increased risk of liver disease, most individuals with HBV infection do not develop cirrhosis 
or HCC. The natural history of chronic HBV infection and subsequent disease, which remains to be fully elu-
cidated, is impacted by both viral (HBV DNA levels, genotype and mutation patterns) and host-specific factors 
(age, sex, genetic polymorphisms, and immune status). Host immune response plays a critical role in the suscep-
tibility to chronic HBV infection; 5–10% of adults with acute HBV infection fail to clear the virus and develop 
chronic disease due to inadequate adaptive immune response4. Studies on HBV pathogenesis in liver disease 
have largely been limited to experimental and small-scale clinical models, but consistently demonstrate the role 
of chronic inflammation in disease progression. A few studies have shown HBV specific T cells, chemokine-
mediated neutrophil infiltrates, lymphocytes and natural killer cells to play a role in HBV-related liver damage5,6. 
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This inflammatory microenvironment results in oxidative stress, ultimately promoting Kupffer cells to drive 
stellate activation through nuclear factor κB (NF-κB), leading to progressive fibrosis and ultimately cirrhosis6–9.

The role of circulating immunologic proteins have been investigated in prospective cohort studies in the con-
text of HCC development, demonstrating the potential utility of markers such as C-reactive protein (CRP)10,11, 
interleukin-6 (IL-6)11,12, insulin-like growth factor binding protein-3 (IGFBP-3)13,14, and intercellular adhesion 
molecule 1 (ICAM-1)15 in predicting carcinogenesis. Nevertheless, no studies to our knowledge have compre-
hensively evaluated the role of circulating immunologic proteins on cirrhosis development in chronically HBV 
infected individuals. The morbidity and mortality associated with cirrhosis, and the accompanying risk of HCC 
among cirrhotic individuals are high. As such, assessing which circulating markers are associated with cirrhosis 
vs. chronic HBV infection and with HCC vs. cirrhosis may shed light and on the biological processes involved 
and potentially inform risk prediction. In this study, we utilize data from the Risk Evaluation of Viral Load Eleva-
tion and Associated Liver Disease/Cancer-Hepatitis B Virus (REVEAL-HBV) cohort to broadly evaluated the 
association between circulating immunologic markers and cirrhosis in chronically HBV infected participants.

Methods
Study population.  REVEAL-HBV is a longitudinal, community-based cohort study that was developed to 
better understand the natural history and risk factors of HCC among chronic HBV carriers4. In brief, between 
1991 and 1992, 23,820 individuals aged 30–65 years were recruited across seven townships in Taiwan. After sero-
logical assessment of baseline samples, 4155 participants were determined to be HBV surface antigen (HBsAg)-
seropositive; among these individuals, 3653 were seronegative for hepatitis C antibodies with no evidence of 
HCC. Covariates such as age, HBV genotype, smoking, alcohol use, body mass index (BMI), and history of 
diabetes were collected. REVEAL-HBV was approved by the Institutional Review Board of the College of Public 
Health of the National Taiwan University (Taipei, Taiwan), all participants provided informed consent, and the 
study was conducted in accordance with all relevant guidelines and regulation.

Development of cirrhosis and HCC were both closely tracked within the REVEAL-HBV cohort through 
biannual or annual exams until December 31, 2008. Cirrhosis was detected using high-resolution, real-time 
abdominal ultrasound as well as a quantitative scoring system reflective of liver surface features (normal, irregu-
lar, undulated), liver parenchymal texture (normal, heterogeneous, coarse), size of the intrahepatic blood vessel 
(normal, obscure, narrowing) and splenic size (normal, enlarged). After 1999, cirrhosis was further diagnosed 
through data linkage with the National Taiwan Health Insurance Database and confirmed by medical chart 
review. HCC diagnosis was similarly assessed through follow-up examination using ultrasound, α-fetoprotein 
testing, or data linkage with the Taiwan National Cancer Registry. Additional linkage to the national death 
certificate program was conducted and incident cases of HCC were verified through medical review of histo-
pathological records; HCC case verification was obtained when a lesion was detected using at least two imaging 
techniques (abdominal ultrasonography, angiogram, or computed tomography) and/or one imaging technique 
and a serum α-fetoprotein level of ≥ 400 ng/mL.

For this case–control analysis, 92 persons with cirrhosis and 129 chronic HBV carriers (i.e. controls) were 
matched to all diagnosed HCC cases on sex, age at sample collection, HBV DNA level (< 10,000 or ≥ 10,000 
copies/mL), and time from entry to sample collection ± 2 years. In order to ensure the study was adequately 
powered, frequency matching on sex, age at sample collection and HBV DNA level (< 10,000 or ≥ 10,000 copies/
mL) was used to identify an additional 25 persons with cirrhosis and 36 controls. At the time of sample selec-
tion cirrhosis was assessed through 2004 and HCC through 2011; controls were not required to survive until 
the end of follow-up.

Marker measurements.  Upon collection, all samples were stored at 70 °C at the Academia Sinica in Tai-
pei, Taiwan, until 250 µL of heparin plasma were aliquoted onto 96 well plates and shipped to National Cancer 
Institute. Selected samples were from baseline or as near baseline as possible. 184 immunologic proteins were 
evaluated using the Olink (Uppsala, Sweden) inflammation and cardiometabolic panels, each panel requiring 
1 μL of sample. The inflammation panel was designed in close collaboration with experts in inflammation-
related diseases and includes a number of cytokines, chemokines, and other inflammation markers believed to 
be related to cancer; the cardiometabolic panel was selected because it includes the most liver-specific proteins. 
48 blinded quality control samples from twelve patients with chronic HBV infection and twelve with chronic 
HCV infection were included on the panels. The limit of detection was achieved in > 90% of samples for all but 
12 markers—which were excluded from analyses; an additional 69 markers were excluded due to intraclass cor-
relation coefficients < 80% and one marker was removed due to a coefficient of variation > 25% (Supplementary 
Table S3). A total of 102 markers were included in the final analysis.

Statistical analysis.  Serological markers were evaluated as categorical variables and grouped in the follow-
ing manner: for markers detectable in ≥ 75% of controls, quartiles were created based on values above the limit 
of detection (LLOD), with those at LLOD assigned to the lowest quartile. For markers detectable in 50–75% of 
controls, four categories were created with participants at LLOD being assigned to the lowest quartile, and the 
rest were divided into tertiles. For markers detectable in 25–50% of controls, tertiles were created with samples 
at LLOD comprising the lowest tertile and the remaining two categories calculated based on the median split 
value above LLOD. Finally, for markers detectable in < 25% of persons, binary coding was created based on those 
at vs. above LLOD.

Unconditional polytomous logistic regression models were used to assess the association between individual 
categorical circulating immunologic markers and stages of chronic HBV related liver disease, specifically: persons 
with cirrhosis compared to controls and HCC participants compared to persons with cirrhosis. The association 
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between these markers and HCC vs. controls has been described previously16. Potential confounders were evalu-
ated using a priori knowledge and backward selection. Final models included continuous age, sex, continuous 
years of follow-up, quartiles of HBV DNA (quartiles in controls: < 300–12,570, 12,571–45,919, 45,920–229,307, 
229,308 + copies/mL), serum alanine aminotransferase (ALT) (< 15, 15–44, ≥ 45 U/L), alcohol, smoking, and 
HBV e-antigen (HBeAg). Given the large proportion of HCC cases with underlying cirrhosis, we conducted a 
sensitivity analysis for the associations between immunologic markers and HCC versus cirrhosis stratified by the 
presence of underlying cirrhosis in HCC cases. Statistical significance was determined after correcting for mul-
tiple testing using a Benjamini–Hochberg false discovery rate correction of 10%. To address potential concerns 
regarding differences in duration of infection, we conducted a sensitivity analysis stratified by HBV DNA level 
using median cut-offs among controls; additionally, we fit crude as well as age, sex, ALT, drinking, smoking and 
HBeAg adjusted linear regression models with marker levels as the outcome and tested an interaction between 
case status and viral load as the exposure. To assess the role of temporality on the association found between 
circulating markers and disease status, an additional sensitivity analysis stratified by median time to cirrhosis 
diagnosis among participants with cirrhosis who did not progress to HCC (6.57 years) was conducted. Statistical 
significance for these analyses was determined using an α = 0.05.

Canonical discriminant analysis (CDA) was used to discern linear groups of circulating immune markers 
found to be differentially expressed across the same comparison groups assessed by logistic regression models; 
statistical significance for backward selection was determined using an α = 0.05. Finally, leave-one-out cross 
validation17 was used to calculate the area under the receiver operating characteristic curves (AUCs) to evaluate 
and compare the predictive ability of three models: 1. clinical/demographic characteristics alone (age, sex, years 
of follow-up, HBV viral load, ALT, drinking, smoking, and HBeAg), 2. clinical/demographic variables plus the 
markers found to be significant in the logistic regression model, and 3. clinical/demographic variables plus the 
markers found to be significant in the CDA. Separate figures were generated for the comparison between persons 
who developed cirrhosis vs. controls and persons who developed HCC vs. cirrhosis only. Statistical significance 
for the comparison between the curves was determined based on the DeLong, DeLong, and Clarke-Pearson 
method using an α = 0.05. All statistical analyses were performed with SAS software version 9.4 (SAS Institute, 
Inc, Cary, NC).

Results
The median time from sample collection to cirrhosis development among the 117 persons with cirrhosis was 
6.57 years (range 0.36–11.98); the median time from sample collection to HCC diagnosis was 10.50 years (range 
0.07–18.40). There were no major differences noted in terms of sex distribution, alcohol consumption, smoking, 
family history of HCC, or BMI across HCC cases, persons with cirrhosis and controls. HCC cases had higher 
baseline ALT levels and were more likely to be HBeAg positive compared to the other groups (Table 1). Approxi-
mately 62% (109/175) of participants who developed HCC had underlying cirrhosis.

Assessment of individual markers using multivariable logistic regression yielded six proteins that were found 
to be positively associated with cirrhosis when compared to controls. Persons who developed cirrhosis were 
four times more likely to have elevated levels of signaling lymphocytic activation molecule 1 (SLAMF1) at 
baseline when compared to controls (odds ratio [OR]Q4v.Q1 = 4.07 [95% CI 1.85–8.99]); similar associations were 
found for hepatocyte growth factor (HGF) with an ORQ4v.Q1 = 3.74 (95% CI 1.67–8.38), colony stimulating fac-
tor 1 (CSF1) with an ORQ4v.Q1 = 3.00 (95% CI 1.38–6.49), urokinase-type plasminogen activator (uPA) with an 
ORQ4v.Q1 = 3.36 (95% CI 1.52–7.40), interleukin-8 (IL-8) with an ORQ4v.Q1 = 2.83 (95% CI 1.29–6.23), and OPG 
with an ORQ4v.Q1 = 2.44 (95% CI 1.14–5.22) (Table 2). We did not find any markers to be significantly associated 
with HCC risk when compared to persons with cirrhosis after FDR correction (Supplementary Table S1). These 
null results persisted in sensitivity analyses for the associations between immunologic markers and HCC versus 
cirrhosis stratified by the presence of underlying cirrhosis in HCC cases (Supplementary Table S2).

The sensitivity analysis stratified by HBV DNA level at baseline yielded similar results as those reported in the 
primary analysis. All six markers were found to be significantly associated with cirrhosis among those with high 
(≥ 45,920 copies/mL) viral levels. Among those with low HBV viral levels at baseline (< 45,920 copies/mL) only 
the associations between HGF, SLAMF1, uPA, and cirrhosis were found to be statistically significant (Table 3). 
We did not find evidence for a numerical relationship between these markers and HBV DNA level in linear 
regression models (data not shown). In assessing whether temporality plays a role in the observed associations, 
all six markers were significantly associated with cirrhosis development among those diagnosed < 6.57 years 
after serum collection. Additionally, the effect sizes for these markers were larger within this subset when com-
pared to the original analysis. HGF, SLAMF1, CSF1, and uPA were associated with cirrhosis among those diag-
nosed ≥ 6.57 years after serum collection (Table 4).

CDA isolated nine markers that together differentiated between those who developed cirrhosis vs. controls; 
these markers included HGF and SLAMF1, as well as angiogenin (ANG), insulin-like growth factor-binding pro-
tein 3 (IGFBP3), plasma serine protease inhibitor (SERPINA5), eotaxin (CCL11), two C-X-C motif chemokines 
(CXCL11 and CXCL9), and STAM-binding protein (STAMBP). ROC curves for this comparison grouping 
yielded an area under the curve (AUC) of 63.3% for the clinical/demographic variables only model. ROC curves 
for the six markers identified in the logistic regression model in addition to the clinical/demographic variables 
improved predictability to 68.5%. Lastly, the nine marker model from the CDA analysis in addition to the clini-
cal/demographic variables yielded an AUC of 79.3% (Fig. 1); ROC contrast test results found AUC curves for the 
marker inclusive models to significantly improved predictability when compared to the clinical/demographic 
only model, with a p-value ≤ 0.0001.

CDA analysis for the comparison between those who developed HCC vs. those who developed cirrhosis 
but not HCC yielded 11 markers that together were found to be significantly different between these groups, 



4

Vol:.(1234567890)

Scientific Reports |        (2021) 11:21194  | https://doi.org/10.1038/s41598-021-00455-8

www.nature.com/scientificreports/

including: IGFBP3, SLAMF1, eukaryotic translation initiation factor 4E-binding protein 1 (4E-BP1), caspase-8 
(CASP-8), T cell surface glycoprotein CD6 isoform (CD6), three interleukin (IL-8, IL-13, IL-24), monocyte 
chemotactic protein 3 (MCP-3), stem cell factor (SCF), and TNF-related apoptosis-inducing ligand (TRAIL). 
Due to the lack of significant markers found in the logistic regression analysis for this comparison, only two 
ROC curves were generated; no significant difference (p-value = 0.07) was found between the clinical/demo-
graphic variable only model (AUC = 86.6%) and the model that included the 11 markers from the CDA analysis 
(AUC = 88.5%) (Fig. 1).

Discussion
This is the first study to our knowledge to evaluate a broad list of immunologic markers as they relate to the 
development of cirrhosis in a prospective observational cohort of HBV infected participants. Herein, we identi-
fied six individual proteins (HGF, SLAMF, CSF1, uPA, IL-8, OPG) to be significantly positively associated with 
the development of cirrhosis; these markers were found to be particularly strongly associated among individu-
als who developed cirrhosis within seven years after sample collection. Lack of an association between these 
immunologic markers and HCC suggests that these markers may influence progression to cirrhosis among HBV 
infected individuals, but not further progression to HCC. Compared to clinical/demographic variables alone, 

Table 1.   Participants characteristics. *Time from entry to HCC diagnosis, death, or end of study (December 
31, 2011), whichever came first. † Numbers do not add to total due to missing values.

Factor

REVEAL-HBV

HCC cases Cirrhosis cases Controls

Total N 175 117 165

% Male 80.6% 78.6% 81.2%

Median age at sample date (range) 51 (30–67) 46 (32–69) 51 (30–66)

Median year of serum collection (range) 1993 (1992–1997) 1993 (1992–1997) 1993 (1992–1998)

Median years of follow-up (range)* 15.4 (1.7–23.6) 19.8 (5.3–23.7) 19.9 (5.5–22.4)

Median BMI (range) 24.4 (17.0–37.7) 23.8 (16.4–32.6) 23.4 (17.2–33.4)

ALT, N (%)

 < 15 65 (37.1) 48 (41.0) 98 (59.4)

15–44 83 (47.4) 60 (51.3) 59 (35.8)

 ≥ 45 27 (15.4) 9 (7.7) 8 (4.8)

Smoking†

No 103 (58.9) 71 (60.7) 108 (65.5)

Yes 71 (40.6) 46 (39.3) 57 (34.5)

Alcohol drinking†

No 140 (80.0) 104 (88.9) 138 (83.6)

Yes 34 (19.4) 13 (11.1) 26 (15.8)

Family history of HCC

No 158 (90.3) 112 (95.7) 151 (91.5)

Yes 17 (9.7) 5 (4.3) 14 (8.5)

HBeAg positive at baseline

No 99 (56.6) 91 (77.8) 146 (88.5)

Yes 76 (43.4) 26 (22.2) 19 (11.5)

Median HBV DNA level (copies/ml) at sample date 1,938,060 141,426 45,920

Table 2.   Odds ratios* and 95% CIs for associations between selected markers and cirrhosis versus non-
cirrhotic controls. *Adjusted for age, sex, years of follow up, HBV viral load, serum alanine aminotransferase 
(ALT) level, alcohol, smoking, and HBV e antigen (HBeAg).

Analyte

Cirrhosis vs control

OR (95% CI)

p-trend FDR-corrected p-trendQ2 v. Q1 Q3 v. Q1 Q4 v. Q1

HGF 1.19 (0.49–2.91) 3.14 (1.37–7.21) 3.74 (1.67–8.38) 0.0001 0.007

SLAMF1 1.31 (0.56–3.06) 2.32 (1.01–5.35) 4.07 (1.85–8.99) 0.0001 0.007

CSF1 1.42 (0.61–3.28) 3.05 (1.36–6.82) 3.00 (1.38–6.49) 0.002 0.05

uPA 1.69 (0.72–3.96) 2.14 (0.94–4.85) 3.36 (1.52–7.40) 0.002 0.05

IL8 1.70 (0.76–3.84) 2.95 (1.36–6.38) 2.83 (1.29–6.23) 0.004 0.08

OPG 0.80 (0.34–1.87) 1.98 (0.94–4.21) 2.44 (1.14–5.22) 0.005 0.08
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the addition of the six markers improved predictability of cirrhosis development by about 6% (63% vs. 69%). In 
addition to evaluating the markers individually, we assessed how well a combination of markers might discrimi-
nate between individuals with chronic HBV infection who go on to develop cirrhosis versus those who do not. 
This analysis identified a nine-protein set comprised of ANG, IGFBP3, SERPINA5, CCL11, CXCL11, CXCL9, 
HGF, SLAMF1, and STAMBP that in addition to clinical/demographic variables was able to predict cirrhosis 
development with 79% accuracy in a cross-validation model.

Our study found increased levels of HGF, CSF1, and uPA—three markers believed to be associated with 
liver regeneration—to be associated with greater odds of developing clinical cirrhosis. HGF, which is primarily 
secreted by mesenchymal cells, functions to regulate cellular motility and development and has previously been 
shown to be elevated in cirrhotic patients18,19. The prevailing hypothesis is that fibroblasts drive the increased 
production HGF to stimulate growth of Met-positive hepatocytes. In the context of repeated injury due to an 
infectious agent such as HBV, continued regeneration of liver cells can result in the overgrowth of fibroblasts that 
ultimately result in the development of cirrhosis20. Albeit through a different method, CSF1 controls macrophage 
numbers that facilitate the hepatic innate immune defense and ultimately support hepatocyte proliferation follow-
ing injury. In transplant and donor patients, circulating CSF1 has been shown to be elevated in association with 
rapid liver regrowth21,22. Similarly, CSF1 has also been reported to be elevated in patients with acute liver injury 
as well as those diagnosed with cirrhosis and HCC22. Finally, uPA is a serine protease that has been implicated 
in the direct and indirect degradation of matrix proteins and is believed to have a bidirectional effect in the liver. 
Increased expression of the uPA cell-surface binding protein results in increased hepatic uPA in the early stages 
of liver regeneration, nonetheless in later phases, uPA derived plasmin leads to the suppression of hepatocyte 
growth23–25. While uPA has previously been reported to be elevated in fibrotic/cirrhotic patients26, its dual effects 
on hepatocytes has recently spurred interest in its utility in gene therapy27,28.

In accordance with HBV mediated inflammation, we found elevated levels of IL-8 and SLAMF1 to be associ-
ated with the development of clinical cirrhosis. IL-8 is a CXC chemokine that has been well established as a major 

Table 3.   REVEAL-HBV odds ratios* and 95%CIs stratified by viral load. *Adjusted for age, sex, years of 
follow up, HBV viral load, serum alanine aminotransferase (ALT) level, alcohol, smoking, and HBV e antigen 
(HBeAg).

Analyte

Low HBV viral level (< 45,920) High HBV viral level (≥ 45,920)

p-trend

OR (95% CI)

p-trend

OR (95% CI)

Q2 v. Q1 Q3 v. Q1 Q4 v. Q1 Q2 v. Q1 Q3 v. Q1 Q4 v. Q1

HGF 0.03 1.85 (0.45–
7.65)

3.25 (0.79–
13.35)

4.26 (1.09–
16.58) 0.004 0.99 (0.30–

3.27)
2.97 (1.02–
8.69)

3.40 (1.22–
9.52)

SLAMF1 0.02 4.91 (1.07–
22.48)

3.56 (0.77–
16.5)

6.80 (1.56–
29.59) 0.003 0.61 (0.20–

1.84)
2.26 (0.76–
6.74)

3.03 (1.12–
8.21)

CSF1 0.36 1.66 (0.45–
6.14)

3.21 (0.85–
12.12)

1.64 (0.43–
6.23) 0.002 1.23 (0.40–

3.78)
2.62 (0.93–
7.40)

3.97 (1.48–
10.67)

uPA 0.04 2.74 (0.58–
12.94)

2.77 (0.59–
12.94)

4.87 (1.10–
21.65) 0.04 1.75 (0.59–

5.21)
1.92 (0.70–
5.28)

2.97 (1.11–
7.99)

IL8 0.41 1.45 (0.38–
5.62)

1.89 (0.54–
6.61)

1.74 (0.45–
6.72) 0.01 1.54 (0.54–

4.40)
3.64 (1.30–
10.20)

3.03 (1.11–
8.22)

OPG 0.09 1.29 (0.34–
4.86) 2.05 (0.6–7.02) 2.71 (0.75–9.8) 0.03 0.53 (0.17–

1.68)
2.08 (0.77–
5.63)

2.24 (0.83–
6.02)

Table 4.   REVEAL-HBV odds ratios* and 95% CIs stratified by time to cirrhosis diagnosis. *Adjusted for age, 
sex, years of follow up, HBV viral load, serum alanine aminotransferase (ALT) level, alcohol, smoking, and 
HBV e antigen (HBeAg).

Analyte

Early cirrhosis diagnosis (< 6.57 years) Late cirrhosis diagnosis (≥ 6.57 years)

p-trend

OR (95% CI)

p-trend

OR (95% CI)

Q2 v. Q1 Q3 v. Q1 Q4 v. Q1 Q2 v. Q1 Q3 v. Q1 Q4 v. Q1

HGF 0.0006 0.88 (0.23, 
3.36) 2.95 (0.94, 9.3) 4.48 (1.51, 

13.27) 0.007 1.56 (0.54, 
4.51)

3.56 (1.31, 
9.69)

3.32 (1.21, 
9.09)

SLAMF1 0.001 2.67 (0.74, 
9.67)

3.32 (0.92, 
11.97)

6.83 (2.01, 
23.22) 0.003 0.78 (0.28, 

2.23)
1.96 (0.74, 
5.22)

3.14 (1.26, 
7.81)

CSF1 0.0008 2.50 (0.69, 
9.05)

6.37 (1.91, 
21.27)

6.20 (1.90, 
20.26) 0.04 1.09 (0.41, 

2.87)
1.90 (0.74, 
4.90)

2.21 (0.91, 
5.39)

uPA 0.010 2.18 (0.70, 
6.80) 1.04 (0.30, 3.56) 4.10 (1.45, 

11.55) 0.02 1.44 (0.50, 
4.15)

3.06 (1.16, 
8.07)

2.60 (0.97, 
6.97)

IL8 0.006 1.24 (0.41, 
3.72) 2.79 (1.04, 7.47) 3.37 (1.22, 9.32) 0.05 2.15 (0.78, 

5.90)
3.33 (1.25, 
8.86)

2.48 (0.91, 
6.74)

OPG 0.0008 0.41 (0.09, 
1.84) 2.69 (0.93, 7.74) 4.09 (1.44, 

11.64) 0.20 0.95 (0.37, 
2.44)

1.64 (0.68, 
4.00)

1.60 (0.63, 
4.02)
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factor in acute inflammation. Serum IL-8 levels have been associated with disease progression in chronically 
infected hepatitis C virus (HCV) and HBV patients29,30. Increased levels of IL-8 in both the liver and in circula-
tion have been reported in alcoholic hepatitis, ischemia–reperfusion injury, and fibrosis/cirrhosis31–34. Similarly, 
CXCL11 and CXCL9 were only marginally significant after FDR correction in logistic regression analyses but 
were both identified as differentiating markers of cirrhosis in CDA analyses. Elevated levels of these proteins, as 
seen in our analysis, have previously been reported in liver diseases (both with and without infectious etiology) 
and functionally linked to inflammation, hepatic injury and fibrosis35–37. SLAMF1 (recently renamed CD150) 
is an endoglin that modulates TGF- β signaling and has been proposed to function in regulating the epithelial-
mesenchymal transition associated with tissue repair, fibrogenesis and carcinogenesis38–40. Elevated levels of 
SLAMF1 have been associated with TGF- β1 upregulation, inflammation and more recently cirrhosis41.

Cirrhosis can be associated with a number of metabolic disorders including osteopenia and osteoporosis, 
insulin resistance, and malnutrition42–44. Receptor activator of nuclear factor κB ligand (RANKL) and OPG work 

Figure 1.   Receiver operating characteristic (ROC) curves comparing predictive models.
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together to maintain bone homeostasis by binding to the receptor RANK. Together, the OPG/RANKL system 
plays a role in linking the immune system and bone metabolism. Previous studies have demonstrated high levels 
of OPG and low levels of RANKL in cirrhotic patients compared to those with non-cirrhotic chronic liver disease 
and control populations45; this phenomenon is believed to be due to a compensatory response to halt bone loss 
within affected persons46. In accordance with this literature, but for the first time in chronically infected HBV 
participants, we found elevated levels of OPG to be associated with increased odds of cirrhosis development. 
In contrast, lower levels of IGFBP3 were associated with cirrhosis development. In CDA analysis, IGFBP-3 was 
determined to differentiate persons with cirrhosis from controls; decreased levels of IGFBP-3 in persons with 
cirrhosis have previously been described and attributed to the fact that IGFBP-3 is predominantly synthesized 
by hepatocytes and reportedly associated with severity of liver dysfunction47,48.

A major strength of the study was that REVEAL-HBV is a well characterized prospective cohort study that 
provides a unique opportunity to evaluate the association between immunologic markers and development of 
cirrhosis in chronically HBV infected individuals; nevertheless, this study does have several limitations. There is 
a possibility for misclassification bias; because cirrhosis was not diagnosed using data linkage with the National 
Taiwan Health Insurance Database until after 1999, under-diagnosis of cirrhosis from 1991 to 1999 is possible. 
However, cohort participants received an abdominal ultrasonography every 6–12 months, substantially reducing 
the risk of under-diagnosis even without linkage to the insurance database. Additionally, we did not have data 
on the use of anti-HBV therapies, which could potentially mask associations; however, antiviral therapy was not 
reimbursed by the Taiwanese universal health care system through 2003, which encompasses most of the study 
period, and after 2003 was only provided to high-risk patients under stringent criteria. Finally, due to the limited 
sample size, analyses between serum markers and disease may have been underpowered in stratified analyses.

Better understanding the natural history of disease among high risk patients with chronic HBV may offer 
important insights into prevention and treatment of liver disease. In this novel, comprehensive evaluation of 
circulating immunologic proteins, we identified several markers that were found to significantly distinguish and 
predict cirrhosis development, particularly among those diagnosed within 7 years of blood draw. While screen-
ing protocols for patients chronically infected with HBV do exist, the addition of serum biomarkers may aid in 
risk stratification to further enhance these procedures. Although this study requires replication, these findings 
highlight the importance of immunologic and proliferative pathways in HBV-related liver disease.
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