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Abstract
AIM: To investigate the risk factors for liver-related 
mortality in chronic hepatitis C (CHC) patients.

METHODS: All deceased CHC inpatient data were col-
lected from the Beijing 302 Hospital clinical database, 
which includes more than 8250 CHC inpatients dur-
ing the period from 2002 to 2012. The controls were 
matched to cases by age (± 2 years), sex and date of 
hospital admission (within the same year). Potential 
risk factors were included for the evaluation, and odds 
ratios (OR) and 95%CI were estimated using univari-
ate (unadjusted) and multivariate (adjusted OR, AOR) 
conditional logistic regression. All statistical tests were 
two-sided. P  values < 0.05 were considered statisti-
cally significant.

RESULTS: Based on examinations of 144 CHC-related 
deceased cases and 576 controls, we found that an-
tiviral therapy with interferon-α was associated with 
a 47% decrease in the risk of hepatic mortality (AOR 
= 0.53, 95%CI: 0.28-0.99, P  = 0.048). Additionally, 
the initial diagnostic stage of the disease (AOR = 
2.89, 95%CI: 1.83-4.56 and P  < 0.001 for liver cir-
rhosis/AOR = 8.82, 95%CI: 3.99-19.53 and P  < 0.001 
for HCC compared with CHC), diabetes (AOR = 2.35, 
95%CI: 1.40-3.95, P  = 0.001), hypertension (AOR = 
1.76, 95%CI: 1.09-2.82, P  = 0.020), alcohol consump-
tion (AOR = 1.73, 95%CI: 1.03-2.81, P  = 0.037) and 
HBsAg positivity (AOR = 22.28, 95%CI: 5.58-89.07, P  
< 0.001) were associated with a significant increase in 
the risk of liver-related mortality in CHC patients.

CONCLUSION: This study indicates that interferon-α 
treatment, the stage at the initial diagnosis of the dis-
ease and comorbidities are all independent risk factors 
for liver-related mortality in CHC patients.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Many previous studies have suggested that 
several complex factors have an important impact on 
hepatitis C virus-related mortality. However, the evalu-
ation of such factors using a deceased case-living 
control study with a large number of patients has not 
been reported. The aim of the present study was to 
investigate the risk factors for liver-related mortality 
in chronic hepatitis C (CHC) patients using a deceased 
case-living control study design. This study indicates 
that interferon-α plus ribavirin treatment, the stage 
at the initial diagnosis and comorbidities are all inde-
pendent risk factors for liver-related mortality in CHC 
patients.
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INTRODUCTION
Hepatitis C virus (HCV) infection affects more than 160 
million people worldwide and is associated with viral per-
sistence, which progresses to chronic hepatitis C (CHC) 
in 80% of  all cases[1,2]. HCV infection is now recognized 
as one of  the main causes of  liver cirrhosis, hepatocellu-
lar carcinoma (HCC) and death[1,2]. CHC progresses slow-
ly but is accelerated in the presence of  comorbidities such 
as alcohol consumption, diabetes or coinfection with 
other hepatotropic viruses[2]. However, whether these and 
other potential factors contribute to liver-related mortal-
ity in CHC patients is still unknown. Furthermore, CHC 
patients with the same age and gender but different sur-
vival status are commonly observed in the clinic, and few 
studies have addressed this phenomenon.

Many prior studies have suggested that some baseline 
parameters of  CHC patients, such as age, albumin and 
disease stage, influence prognosis[3-5]. Several comorbidi-
ties, such as obesity, portal hypertension and bleeding 
esophageal varices, have been reported to contribute 
to disease progression[6-9]. Other studies have shown 
controversial conclusions that interferon-α therapy 
could or was unable to influence CHC-related HCC or 
mortality[10-17]. Furthermore, the response to antiviral 
therapy has been investigated for its impact on disease 
progression and prognosis in CHC patients[12,18,19]. How-
ever, several studies have not considered the relationship 
between CHC prognosis and the anti-hepatitis B core 
antibody (anti-HBc)[20,21], blood transfusion history and 
smoking[22].

Some of  the above-mentioned results are logical, 
but it is difficult to come to definitive conclusions about 
other results due to varying study designs. Because it is 
ethically impossible to conduct a prospective study to 

evaluate risk factors and mortality without treatment, 
confirming these factors is difficult. We used our clini-
cal database, which includes a large number of  CHC 
inpatients, including many deceased CHC inpatients, to 
design a retrospective study to evaluate the association 
between several potential risk factors and liver-related 
mortality in CHC inpatients.

MATERIALS AND METHODS
The study protocol was approved by the Beijing 302 
Hospital Research Ethics Committee. The committee 
waived the need for written informed consent from the 
participants due to the de-identified secondary data that 
were analyzed in this study.

Data source
The Beijing 302 Hospital, which provides diagnosis and 
treatment services for more than 650000 outpatients 
and 30000 inpatients with liver diseases annually, is the 
largest liver disease treatment center in China. Chronic 
hepatitis B and C, alcoholic liver disease, non-alcoholic 
liver disease, autoimmune liver disease and drug-related 
hepatitis are the most common diseases observed in 
this hospital. The clinical database includes the clinical 
history, related test results and prescription information 
for each patient. There were 8250 inpatients chronically 
infected with HCV between January 2002 and Decem-
ber 2012 in this database, which included cases of  CHC, 
compensated liver cirrhosis, decompensated liver cir-
rhosis and HCC, as well as many cases of  liver-related 
death. This dataset offers an opportunity to explore the 
risk factors for liver-related mortality in CHC patients.

Identification of cases and controls
The examined cases consisted of  deceased inpatients with 
detailed clinical information and CHC diagnoses [Inter-
national Statistical Classification of  Diseases and Related 
Health Problems, 10th revision (ICD-10), Code B18.2] 
who were admitted between January 1, 2002 and De-
cember 25, 2012. Living inpatients who were admitted 
to the hospital with a diagnosis of  CHC comprised the 
control group. We identified four control inpatients per 
deceased inpatient case. Control patients were matched to 
the cases by sex, year of  birth (± 2 years) and index date 
(date of  hospital admission). For controls, the index date 
was within the same year of  the last index date of  their 
matched case. One hundred and forty-four of  the overall 
155 deceased inpatient cases had sufficient clinical history 
and test information for inclusion in this study; thus, 576 
matched controls were required (Figure 1).

Potential factors
Factors that have the potential to contribute to both 
disease progression and mortality were considered risk 
factors in this study; these include the stage at which 
liver disease was diagnosed, hepatitis B surface antigen 
(HBsAg) status, anti-HBc status, anti-human immuno-
deficiency virus (HIV) antibody status, antiviral therapy, 
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Table 1  Demographic characteristics of hepatitis C virus-
infected death cases and controls  n  (%)

hypertension, diabetes, alcohol consumption, history of  
blood transfusion before diagnosis of  CHC, smoking 
history and family history of  viral hepatitis. Initial diag-
nostic stages were categorized into CHC, liver cirrhosis 
and HCC. Liver cirrhosis was diagnosed by liver biopsy 
or using a combination of  at least two imaging tools 
(abdominal ultrasonography, angiography, computed to-
mography or magnetic resonance imaging) plus clinical 
evidence of  manifestations. It may also been confirmed 
using one imaging method accompanied by complica-
tions such as esophageal varices, ascites and hepatic 
encephalopathy as well as abnormal laboratory results, 
liver functional and liver fibrosis tests. HCC was con-
firmed by liver histopathology, by at least two imaging 
tools or via one imaging diagnostic modality and a serum 
α-fetoprotein level of  400 ng/mL or higher. Antiviral 
therapy in this study was defined as patients who were 
treated with interferon-α and ribavirin for at least 12 wk, 
regardless of  the viral or biochemical responses. The 
corresponding doses of  interferon and ribavirin were 
calculated by the weight and tolerance of  patients, but 
at least 3 million IU interferon-α was administered three 

times a week or 135/50 μg peg-interferon α-2a/α-2b 
was administered once a week, and at least 10.6 mg/kg 
of  ribavirin was administered daily for interferon-treated 
patients. Alcohol consumption was defined as alcohol 
consumption at least 4 d per week for at least 5 years[7]. 
Smokers were defined as patients who had smoked ciga-
rettes at least 4 d per week for at least 5 years[7]. Family 
history of  viral hepatitis was defined as direct relatives 
who were chronically infected with hepatitis B virus 
(HBV) or HCV.

Statistical analysis
To compare the proportions, χ 2 statistics were used. To 
compare the ages between the case and control groups, 
Mann-Whitney U tests were performed. A conditional 
logistic regression model was used to estimate the rela-
tive magnitude in relation to the potential factors men-
tioned above. The ORs and their 95%CIs were calculat-
ed using patients with no exposure as the reference. The 
Wald χ 2 test for linear trends was performed by entering 
the diagnostic stage as a three-level ordinal variable (with 
the values 0-2) in the logistic regression model. Analyses 
were performed using the SPSS 16.0 software for Win-
dows (SPSS Inc., Chicago, IL, United States). All statisti-
cal tests were two-sided. P values < 0.05 were considered 
statistically significant.

RESULTS
Records for 144 deceased cases and 576 matched con-
trols were included in the CHC mortality risk analysis. 
Figure 1 presents the derivation and definitions of  the 
study population. Table 1 shows the distribution of  the 
demographic characteristics and selected medical condi-
tions of  the HCV-related cases and controls. There was 
no significant difference between cases and controls for 
age or sex. Table 2 exhibits the primary death diagnosis 
and direct cause of  death for the case group; HCC was 
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8250 chronic HCV-infected cases (2002-2012)

155 deceased cases 8095 living cases

144 deceased cases 576 living controls

Control-to-case of 4 matched by 
sex, year of birth and index date

11 excluded (9 men, 2 women)
   3 not liver-related death
   3 lacked alcohol/smoking information
   3 lacked antiviral information
   2 lacked DM and HTN information

Figure 1  Derivation and definition of the study population. HCV: Hepatitis C virus; DM: Diabetes; HTN: Hypertension.

Variable Cases 
(n  = 144)

Controls 
(n  = 576)

P  value

Age (median)      64 (31-85)      64 (31-87) 0.821
Male    105 (72.92)    420 (72.92) 1
Female      39 (27.08)    156 (27.08) 1
Han nationality    135 (93.75)    544 (94.44) NA
Anti-HIV antibody 0 (0) 0 (0) NA
HCV RNA positive      95 (65.97)    444 (77.08) NA
HCV RNA negative      25 (17.36)    121 (21.01) NA
HCV RNA not determined      24 (16.67)    11 (1.91) NA
Anti-HCV antibody positive 144 (100) 576 (100) NA

HCV: Hepatitis C virus; NA: Not applicable; HIV: Human immunoddfi-
ciency virus.
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Table 3  Unadjusted univariate conditional logistic regression analysis of potential risk factors for chronic hepatitis C mortality  n  (%)

Table 2  Main death diagnosis and direct causes of death in the case group

the main diagnosis of  the deceased CHC patients, fol-
lowed by decompensated cirrhosis. The most common 
direct causes of  death were hemorrhagic shock, hepatic 
encephalopathy and hepatorenal syndrome.

The relationship between the potential risk factors 
and CHC mortality is shown in Tables 3 and 4. Antiviral 
therapy with interferon-α, the initial diagnostic stage of  
disease, diabetes, hypertension, alcohol consumption, 
HBsAg positivity and anti-HBc positivity were all associ-
ated with an increased crude OR for CHC mortality. Ad-
justments for possible confounders (matching variables, 
antiviral therapy with interferon-α, initial diagnostic 
stage of  disease, diabetes, hypertension, alcohol con-
sumption, HBsAg positivity, HBcAb positivity, history 
of  blood transfusion, smoking, and family history of  
viral hepatitis) only slightly altered the OR. Furthermore, 
anti-HBc positivity was removed from the adjusted mod-
el. In the final model, antiviral therapy was associated 
with a decreased risk of  mortality (AOR = 0.53, 95%CI: 
0.28-0.99), and HBsAg positivity (AOR = 22.28, 95%CI: 
5.58-89.07), initial diagnostic stage of  disease (χ 2 for 
linear trend= 20.56, AOR = 2.89 and 95%CI: 1.83-4.56 
for liver cirrhosis/χ 2 for linear trend = 28.86, AOR = 
8.82 and 95%CI: 3.99-19.53 for HCC when compared 

with CHC), diabetes (AOR = 2.35, 95%CI: 1.40-3.95), 
hypertension (AOR = 1.76, 95%CI: 1.09-2.82) and alco-
hol consumption (AOR = 1.73, 95%CI: 1.03-2.81) were 
independent risk factors for CHC mortality.

DISCUSSION
In this case-control based study, the use of  interferon 
and ribavirin for at least 12 wk was associated with a 
47% decrease in liver-related mortality among CHC pa-
tients. We also found that there was a significant trend 
toward an increasing liver-related mortality in patients 
with HBsAg positivity, diabetes, hypertension, alcohol 
consumption and initial diagnosis at an advanced stage 
after controlling for potential confounders.

Chronic HCV infected cases are associated with higher 
mortality rates compared to non-infected individuals[23-26], 
which suggests that those with chronic HCV infection 
are at a higher risk of  death and should be closely moni-
tored. Previous studies have suggested that gender and 
age may influence the prognosis of  CHC[3,15,27,28]; thus, the 
controls in the present study were matched by chronic 
HCV infection, gender, age and date of  hospital admis-
sion to control for confounders. These variables were 
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Main death diagnosis Number Percentage Direct death causes Number Percentage

Decompensated cirrhosis 56 38.89% Hemorrhagic shock 60 41.67%
Hepatocellular carcinoma 88 61.11% Hepatic encephalopathy 55 38.19%

Hepatorenal syndrome 26 18.05%
Respiratory failure   2   1.39%
Hepatopulmonary syndrome   1   0.70%

Variable Cases (n  = 144) Controls (n  = 576) UOR (95%CI) B P  value

Initial diagnostic stage
   CHC   55 (38.19) 404 (70.14)   1.00 (Reference) NA NA
   LC   60 (41.67) 152 (26.39) 3.03 (1.98-4.64)   1.11 0.000
   HCC   29 (20.14) 20 (3.47) 13.19 (6.41-27.12)   2.58 0.000
HBsAg negativity 125 (86.81) 570 (98.96)   1.00 (Reference) NA NA
HBsAg positivity   19 (13.19)   6 (1.04) 22.99 (6.77-78.04)   3.14 0.000
Without diabetes 102 (70.83) 464 (80.56)   1.00 (Reference) NA NA
With diabetes   42 (29.17) 112 (19.44) 1.75 (1.14-2.67)  0.56 0.010
Without antiviral therapy 126 (88.89) 392 (73.78)   1.00 (Reference) NA NA
With antiviral therapy   16 (11.11) 151 (26.22) 0.32 (0.18-0.57)  -1.14 0.000
Without hypertension   99 (68.75) 452 (78.47)   1.00 (Reference) NA NA
With hypertension   45 (31.25) 124 (21.53) 1.65 (1.10-2.47) 0.5 0.015
Without alcohol consumption   92 (63.89) 419 (72.74)   1.00 (Reference) NA NA
With alcohol consumption   52 (36.11) 157 (27.26) 1.67 (1.08-2.59)   0.51 0.021
Anti-HBc negativity   48 (33.33) 263 (45.66)   1.00 (Reference) NA NA
Anti-HBc positivity   96 (66.67) 313 (54.34) 1.69 (1.15-2.48)   0.52 0.008
Without transfusion history 123 (85.42) 342 (59.37)   1.00 (Reference) NA NA
With transfusion history   21 (14.58) 234 (40.63) NA NA 0.060
Non-smoker 104 (72.22) 444 (77.08)   1.00 (Reference) NA NA
Ever smoker   40 (27.78) 132 (22.92) NA NA 0.193
Without family history of viral hepatitis 131 (90.97) 521 (90.45)   1.00 (Reference) NA NA
Family history of viral hepatitis 13 (9.03) 55 (9.55) NA NA 0.846

UOR: Unadjusted odds ratios; B: Regression coefficient; CHC: Chronic hepatitis C; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; NA: Not applicable; 
HBsAg: Hepatitis B surface antibody; Anti-HBc: Anti-hepatitis core antibody.
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Table 4  Adjusted multivariate conditional logistic regression analysis of potential risk factors for chronic hepatitis C mortality  n  (%)

excluded from the statistic models. Patients with an early 
diagnosis of  chronic HCV infection may have a better 
outcome, and a previous study showed that CHC-related 
cirrhosis increased the rate of  mortality nearly four-fold 
compared to CHC patients without cirrhosis[15]. In our 
study, this rate was 2.89, while patients with HCC had a 
liver-related mortality 8.82 times higher than CHC pa-
tients after adjusting for confounders.

Chronic HCV infection does not have a significant 
impact on all-cause mortality in the first decade of  infec-
tion[29]; however, liver disease progression is accelerated 
in the presence of  cofactors such as HBV infection[2]. 
HBsAg positivity for longer than 6 mo is the most im-
portant indicator of  chronic HBV infection, and anti-
HBc positivity indicates past exposure to HBV. Previous 
studies have suggested that anti-HBc is not related to the 
prognosis of  HCV infection[20,21]. In the present study, 
HBsAg and anti-HBc were associated with an increased 
rate of  mortality in an unadjusted univariate analysis 
model; however, after adjusting for the confounders, 
only HBsAg remained an independent risk factor for 
CHC mortality. Additionally, chronic alcohol consump-
tion in the presence of  obesity and viral hepatitis could 
damage the liver[30]. Several studies have indicated that 
obesity and alcohol synergistically increase the risk of  
HCC and death[7,31-33]. In addition, smoking is always 
considered a risk factor for disease progression and poor 
prognosis[8,34,35], although controversial results have been 
reported[22]. In the present study, we found that alcohol 
consumption is associated with an increased risk of  
mortality in both univariate and multivariate analyses. 
In contrast, smoking was not related to mortality in ei-
ther analysis. This result indicates that abstinence from 
habitual alcohol drinking is more directly beneficial for 
liver-related outcomes. Two studies have shown that dia-
betes was relevant to the mortality of  CHC patients[6,36], 
and this relationship was confirmed in the present study. 
Furthermore, there are no data, to our knowledge, con-

cerning the association between hypertension and the 
risk of  HCV-related death. We found that hypertension 
is an independent risk factor for the increase of  liver-
related CHC mortality.

Antiviral therapy with interferon-α and ribavirin 
has been the standard of  care for CHC, and among 
those who achieve sustained virologic response, 99% 
permanently remain HCV RNA-negative[37]. Many stud-
ies have suggested that interferon therapy is associated 
with decreased mortality, even in patients with cirrho-
sis[11,12,14,18,19]. There have also been reports demonstrat-
ing that the rate of  progression to HCC was lowered 
two-fold following treatment with at least 3 × 106 IU 
interferon three times a week for 3 mo, regardless of  
the biological and virologic responses[38]. In contrast, a 
different study indicated that interferon-α did not affect 
the survival of  patients with CHC[13]. However, most of  
these studies included very few deceased patients. In the 
present study, we included 144 deceased CHC inpatients 
for evaluation and found that patients treated with com-
bination therapy had increased survival. To our knowl-
edge, using this case-control study method, these are the 
first data showing that patients treated with interferon 
for at least 12 wk have reduced mortality.

The relative influence of  routes of  infection on the 
prognosis of  liver disease remains controversial[22,39-42]. 
Additionally, whether transfusion-associated HCV and 
a family history of  viral hepatitis are associated with a 
higher risk of  mortality than other routes is largely un-
known. The results of  the present study indicate that 
neither the blood transfusion history nor a family history 
of  viral hepatitis are associated with an increased risk of  
mortality, as indicated by both univariate and multivari-
ate analyses.

Several limitations of  the present study should be 
noted. First, we did not have access to information on 
the socioeconomic status of  the subjects. It is difficult 
to investigate the real economic status in many patients, 
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Variable Cases (n  = 144) Controls (n  = 576) AOR (95%CI) B P  value

Initial diagnostic stage
   CHC   55 (38.19) 404 (70.14)   1.00 (Reference) NA NA
   LC   60 (41.67) 152 (26.39) 2.89 (1.83-4.56)  1.06 0.000
   HCC   29 (20.14) 20 (3.47)   8.82 (3.99-19.53)  2.18 0.000
HBsAg negativity 125 (86.81) 570 (98.96)   1.00 (Reference) NA NA
HBsAg positivity   19 (13.19)   6 (1.04) 22.28 (5.58-89.07)  3.10 0.000
Without diabetes 102 (70.83) 464 (80.56)   1.00 (Reference) NA NA
With diabetes   42 (29.17) 112 (19.44) 2.35 (1.40-3.95)  0.86 0.001
Without antiviral therapy 126 (88.89) 392 (73.78)   1.00 (Reference) NA NA
With antiviral therapy   16 (11.11) 151 (26.22) 0.53 (0.28-0.99) -0.64 0.048
Without hypertension   99 (68.75) 452 (78.47)   1.00 (Reference) NA NA
With hypertension   45 (31.25) 124 (21.53) 1.76 (1.09-2.82) 0.56 0.020
Without alcohol consumption   92 (63.89) 419 (72.74)   1.00 (Reference) NA NA
With alcohol consumption   52 (36.11) 157 (27.26) 1.70 (1.03-2.81) 0.53 0.037
Anti-HBc negativity   48 (33.33) 263 (45.66)   1.00 (Reference) NA NA
Anti-HBc positivity   96 (66.67) 313 (54.34) NA NA 0.946

AOR: Adjusted odds ratios; B: Regression coefficient; CHC: Chronic hepatitis C; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; NA: Not applicable; 
HBsAg: Hepatitis B surface antibody; Anti-HBc: Anti-hepatitis core antibody.
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although a previous study showed that it impacts the 
prognosis of  CHC patients[43]. Second, although we in-
volved many potential factors in the statistical analysis, 
a number of  other possible confounding variables, such 
as body mass index, were not included in our model 
because of  the potential interaction with alcohol. Third, 
not all direct causes of  death of  the deceased patients 
were obtained from postmortem examinations due to 
a lack of  family permission. Fourth, anti-HIV antibody 
status was initially included in this study; however, all 
cases and controls were negative for anti-HIV antibod-
ies, and evaluating this factor was thus not possible. 
Fifth, HCV RNA was not determined in 16.67% (24) 
of  cases and 1.91% (11) of  controls at their last index 
date because HCV RNA in the case group was collected 
from the last admission of  cases, which included some 
cases with bleeding varices and hepatic encephalopathy, 
and nearly all of  the patients died shortly after this time 
point. At this urgent point, HCV RNA is unable to guide 
the treatment options; thus, HCV RNA was not deter-
mined in these 24 cases. Sixth, accurately measuring the 
cumulative intake of  tobacco smoke and alcohol was not 
possible, which makes further stratification and analysis 
difficult. Seventh, because the initial diagnostic stage is 
a potential risk factors involved in assessment, it is im-
proper to consider this a matched factor, which results in 
disproportionate stages between the two groups. Finally, 
as with any observational study, residual confounding by 
unmeasured factors that are different between cases and 
controls is possible. However, the confounding effect of  
medical attention could be corrected for by hospitaliza-
tion, and all of  the subjects in this study were inpatients.

In summary, our study demonstrates that the initial 
diagnostic stage of  disease and comorbidities, including 
HBsAg seropositive status, alcohol consumption, dia-
betes and hypertension, are independent risk factors for 
liver-related mortality, whereas antiviral therapy decreas-
es the risk of  liver-related mortality in CHC patients. 
To our knowledge, this study is the first to investigate 
the risk of  CHC mortality using a deceased case-living 
control study design and the first to indicate that hyper-
tension may be a risk and antiviral therapy for a period 
of  at least 12 wk may be beneficial for liver-related CHC 
mortality. We suggest that physicians should consider the 
above-mentioned conditions during disease evaluation.
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Peer review
The authors examined a large number of cases and controls from the hospital 
clinical database to investigate the independent risk or beneficial factors for the 
CHC mortality and arrived at some valuable conclusions.
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