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Abstract: Objective: To investigate the correlation between the serum hepcidin levels and the viral loads in hepatitis 
C virus (HCV) infected patients. Methods: Sixty HCV-infected patients (the study group) and 50 healthy controls (the 
control group) were recruited as the study cohort. The liver function and inflammation-related parameters were com-
pared, and the 60 HCV patients were divided into mild (G1-G2), moderate (G3), and severe (G4) groups according to 
each patient’s inflammatory activity grade (G). The serum iron (SI), ferritin (SF), and transferrin (TRF), hepcidin levels 
were compared. The relationships between the HCV-RNA, HCV Ag, HCV Ab, albumin (ALB), total bilirubin (TBIL), ami-
notransferase (ALT), and aspartate aminotransferase (AST) levels and the hepcidin levels was analyzed. The SI, SF, 
IL-6, ALT, AST, and TBIL levels were significantly higher, and the hepcidin, TRF, and ALB levels were significantly lower 
in the study group than they were in the control group (P<0.05). The G4 patients’ SI and SF levels were significantly 
higher than they were in the G3 and the G1-G2 groups (P<0.05). The TRF and hepcidin levels in the G1-G2 group 
were significantly higher than they were in the G3 and G4 groups (P<0.05). The HCV-RNA, HCV Ag, and HCV Ab levels 
were negatively correlated with the hepcidin levels (r=-0.7679, r=-0.9062, r=-0.6095, P<0.05), positively correlated 
with the serum ALB, TBIL, and ALT levels (r=0.9792, r=0.9759, r=0.8236, P<0.05), and not significantly correlated 
with the AST levels (r=-0.2803, P>0.05). Conclusion: The HCV patients’ serum hepcidin levels showed an abnormal 
decrease, suggesting that HCV patients may have an iron metabolism disorder, which indicates that there is a pos-
sibility of evaluating the HCV patients’ conditions by measuring the hepcidin levels and of improving HCV patients’ 
prognoses by regulating the iron metabolism.
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Introduction

Hepatitis C is an infectious disease caused by  
a hepatitis C virus (HCV) infection. HCV is a sin-
gle-stranded, positive-stranded RNA virus with 
a spherical shape and a diameter of less than 
80 nm, with a shell, nucleobase, and nucleic 
acid [1]. Studies have shown that there are six 
genotypes as well as multiple subspecies of 
HCV worldwide, with the HCV-1b genotype 
being the most prevalent [2]. HCV’s routes of 
transmission include blood transmission, sexu-
al transmission, and mother-to-child transmis-
sion, with blood transmission and sexual trans-
mission being the most common, and various 
age groups are generally susceptible to HCV [3, 
4]. Epidemiology shows that HCV is currently  
a global epidemic and one of the main causes 
of liver cancer and cirrhosis. According to the 

World Health Organization (WHO), the prevalen- 
ce of global HCV infection is about 3%, about 
170 million people are infected with HCV, and 
the number of new cases of HCV can reach 
35,000 per year. Although HCV infection rates 
vary by region, environment, and medical condi-
tions, HCV infections are still a serious public 
health problem [5-7].

Current clinical practice indicates that HCV 
infection leads to hepatocyte injury, which in 
turn affects a variety of hepatic synthesis and 
transformation-related metabolic disorders 
and further accelerates hepatocyte apoptosis 
and fibrosis. Therefore, the regulation of meta-
bolic disorders is one of the important ways to 
improve the prognosis of HCV patients [8, 9]. 
Iron is an essential micronutrient for almost all 
living organisms because it plays critical role in 
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metabolic processes. Research indicates that 
iron is a component of hemoglobin, myoglobin 
and many oxidative phosphatases and is  
widely involved in many metabolic processes. 
However, some studies have also pointed out 
that excess iron can also cause damage to the 
body. Iron in the ionic state can react with oxy-
gen to produce reactive oxygen species (ROS), 
directly damaging biological membranes and 
leading to cell death. Hepcidin is a biotin with a 
negative regulator of iron absorption and recy-
cling and plays an important role in maintaining 
the body’s iron homeostasis [10]. The liver is a 
major storehouse of iron and a specific organ 
for the synthesis of hepcidin, so there is a 
strong link between iron metabolism disorders 
and hepatocyte injuries. Non-infectious hepati-
tis as well as infectious hepatitis can lead to 
hepatocyte injuries and probably directly affect 
the body’s iron metabolism. Studies have also 
found that patients with alcoholic infections, 
fatty liver disease, and viral infections all have 
some degree of iron metabolism abnormalities, 
due to the fact that viral infections may regu-
late hepcidin’s gene expression [11, 12]. The 
aim of this study was to investigate the correla-
tion between the serum ferritin levels and the 
viral loads in HCV patients and to preliminarily 
analyze the effect of ferritin on HCV replication, 
aiming to provide a clinical basis for the treat-
ment of HCV patients.

Materials and methods

General information

60 HCV patients (the study group) and 50 
healthy controls (the control group) were en- 
rolled in the study, including 65 male patients 
and 45 female patients, aged 40-55 years, 
with an average age of (45.99±2.32) years, an 
average duration of (2.91±0.21) years, and 20 
cases of hypertension and 26 cases of 
diabetes.

Inclusion criteria: (1) The patients in the study 
group met the diagnostic criteria for hepatitis  
C according to the 2015 update of the 
Guidelines for the Prevention and Treatment of 
Chronic Hepatitis C [13]. (2) Patients with a 
clear consciousness and the ability to cooper-
ate with the study. (3) Patients with complete 
medical records. (4) Patients with good compli-
ance. (5) The study was approved by the hospi-

tal ethics committees. (6) The patients or their 
families signed an informed consent form.

Exclusion criteria: (1) Patients with mental ill-
ness. (2) Patients with hepatitis caused by 
other viruses. (3) Patients with liver cancer. (4) 
Patients with fatty liver disease or cirrhosis.  
(5) Patients with autoimmune diseases. (6) 
Patients with poor compliance.

Elimination criteria: (1) Patients who died dur-
ing the study, and (2) Patients who asked to 
withdraw during the study.

Intervention methods 

The patients’ fasting venous blood was stored 
in biochemical tubes with a separating gel, left 
for 1 h and then centrifuged for 10 min in a  
low speed centrifuge. The upper layer liquid 
was collected and stored in a -30°C freezer. 
The ALB, TBIL, SI, FErr, and Tf levels were mea-
sured using a fully automated protein analyzer. 
The serum ferritin was measured using ELISA, 
and the IL-6 was measured using a Cobas  
e601 fully automated biochemical analyzer. 
The hepatitis C viral loads were measured. The 
HCV Ag and HCV Ab levels were analyzed using 
chemiluminescence.

Observation indicators

The differences in the SI, SF, IL-6, ALT, AST, 
TBIL, hepcidin, TRF, and ALB levels between  
the two groups were compared. The patients 
were classified according to their pathological 
inflammatory activity (G/S staging specification 
in the Viral Hepatitis Prevention and Control 
Program [14]) as well as the differences in their 
SI, SF, TRF, and hepcidin levels. The correlation 
the between the HCV patients’ hepcidin levels 
and viral loads was analyzed.

Statistical methods

The data were entered into an EXCEL table,  
and SPSS 22.0 was used for the data analy- 
sis. If the data conformed to a normal distribu-
tion, the count data were expressed as [n (%)], 
and chi-square tests were used to analyze the 
differences between the groups. The measure-
ment data were expressed as (mean ± stan-
dard deviation). T-tests were used for the an- 
alyses of the differences between the groups.  
F tests were used to analyze the differences 
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among multiple groups. The correlation analy-
ses were carried out using Spearman. In- 
dependent T tests were used for data that did 
not conform to a normal distribution. P<0.05 
indicates that a difference is statistically signifi-
cant [15].

Results

Comparison of the differences in the baseline 
data

There was little difference in the baseline data 
such as sex, age, mean weight, mean disease 
duration, or underlying disease (P>0.05), which 
was comparable (Table 1).

Comparison of the hepcidin and iron levels

Among the 60 patients, there were 41 patients 
in the mild group (G1-G2), 11 patients in the 
moderate group (G3), and 8 patients in the 
severe group (G4). The SI and SF levels of the 
patients in the G4 group were significantly  
higher than they were in the G3 group, and the 
G3 group had significantly higher SI and SF  
levels than the G1-G2 group (P<0.05). At the 
same time, the TRF and hepcidin levels of the 
patients in the G4 group were significantly 
lower than they were in the G3 group, and the 
G3 group had significantly lower TRF and hepci-
din levels than the G1-G2 group (P<0.05) 
(Figure 2).

Correlation analysis of the serum hepcidin 
levels (SHL) and the HCV RNA viral loads in the 
HCV patients

Our correlation analysis showed a significant 
negative correlation (r=-0.7679, P<0.001) be- 
tween the SHLs and the HCV RNA viral loads 
(Figure 3), with a significant decrease in the 
HCV RNA levels as the SHLs increased in the 
HCV patients.

Correlation analysis of SHLs in the HCV pa-
tients with HCV Ag and HCV Ab

Among the enrolled HCV patients, 21 Ag-posi- 
tive patients with HCV were randomly analy- 
zed. The SHL of the HCV patients showed a sig-
nificant negative correlation with their HCV Ag 
levels (r=-0.9062, P<0.001) (Figure 4A), and it 
also showed a significant negative correlation 
with HCV Ab (r=-0.6095, P=0.022) (Figure 4B), 

Table 1. Comparison of the baseline data between the two groups (
_
x  ± 

s)/[n (%)]

Baseline data Study group 
(n=60)

Control group 
(n=50) t/X2 P

Gender Male 37 28 0.547 0.362
Female 23 22

Average age (years) 45.98±4.33 46.01±4.29 0.036 0.987
Average weight (kg) 64.29±3.91 64.34±3.89 0.066 0.917
Average duration (years) 2.89±0.28 2.93±0.18 0.871 0.317
Hypertension Yes 10 10 0.652 0.204

No 50 40
Diabetes Yes 15 11 0.712 0.136

No 45 39

Comparison of the differ-
ences in the liver func-
tion and inflammation 
parameters

The SI, SF, IL-6, ALT, AST, 
and TBIL levels were sig-
nificantly higher in the 
study group patients than 
in the controls (P<0.05), 
but the patients in the 
study group had signifi-
cantly lower levels of hep-
cidin, TRF, and ALB than 
the controls (P<0.05) (Fi- 
gure 1).

Figure 1. Comparison of the differences in liver func-
tion and the inflammation-related indices between 
the two groups. The SI, SF, IL-6, ALT, AST, and TBIL 
levels in the study group were significantly higher 
than they were in the control group (P<0.05), but 
the Hepc, TRF, and ALB levels in the study group 
were significantly lower than they were in the control 
group (P<0.05). * indicates a significant difference 
between the groups of the same indicator, P<0.05.



Correlation analysis of hepcidin concentrations and viral load

6300 Am J Transl Res 2021;13(6):6297-6304

indicating that as the SHL of the HCV patients 
increases, the HCV Ag and HCV Ab levels will 
gradually decrease.

Correlation analysis of the SHLs in the HCV 
patients with their ALB and TBIL levels

Sixty HCV patients were included in the study to 
investigate the correlation between the SHLs 
and the ALB and TBIL levels, which showed a 
positive correlation between the SHLs and  
their ALB levels (r=0.9792, P<0.001) (Figure 
5A), and a positive correlation with their TBIL 
levels (r=0.9759, P<0.001) (Figure 5B), sug-
gesting that as the SHLs increased, the HCV 
patients’ ALB and TBIL levels also increased 
significantly.

Correlation analysis of the SHLs in the HCV 
patients with their ALT and AST levels

The correlation between the SHL and the ALT, 
AST levels in the HCV patients was investigat-
ed, and the results showed that the SHLs in  
the HCV patients showed a significant positive 
correlation with ALT (r=0.8236, P<0.001) 
(Figure 6A), and there was no significant corre-

lation with AST (r=-0.2803, P=0.2185) (Figure 
6B), suggesting that the increase in the SHLs in 
the HCV patients would be accompanied by an 
increase in the ALT levels, but no significant 
changes in the AST levels were observed.

Discussion

Statistics show that China still has one of the 
highest rates of HCV infection, and HCV infec-
tions are the main cause of end-stage liver dis-
ease, cirrhosis-related liver failure, and liver-
cancer related deaths. A 2014 epidemiology 
report shows that China’s new cases of liver 
cancer and related deaths ranks the highest 
worldwide. Hepatitis C is still a serious public 
health issue, causing a serious burden on soci-
ety, but it also poses an significant threat to  
the health of the population. The pathogenesis 
of hepatitis C is still unclear, and its treatment 
options are still relatively few. In recent years, 
there have also been a number of scholars 
committed to improving the clinical symptoms 
caused by HCV infection through the regulation 
of individual metabolism, and they achieved 
certain results [16, 17]. A study of 89 patients 
with HCV infection showed that the metabo- 
lism of sugars, fats, amino acids, and trace ele-
ments in patients has a certain change, and 
the reason may be that the liver is widely 
involved in the metabolism and biotransforma-
tion of the above substances, and HCV infec-
tion causes significant damage to the liver cells 
[18]. Another study found that the iron metabo-

Figure 2. Comparison of the hepcidin and iron levels 
in the patients with different inflammatory activity. 
The SI and SF levels in the severe group (G4) were 
significantly higher than they were in the moderate 
group (G3), and the SI and SF levels in the G3 group 
were significantly higher than they were in the mild 
group (G1-G2) (P<0.05). The TRF and Hepc levels in 
the G4 group were significantly lower than they were 
in the G3 group, and the TRF and Hepc levels in the 
G3 group were significantly lower than they were in 
the G1-G2 group (P<0.05). * indicates a significant 
difference between groups of the same indicator, 
P<0.05.

Figure 3. A correlation analysis between the serum 
ferritin levels and the HCV RNA viral loads in the HCV 
patients. The correlation analysis showed a signifi-
cant negative association between the serum ferritin 
levels and the HCV RNA viral loads in the HCV-infect-
ed patients (r=-0.7679, P<0.0001).
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lism in the body is closely related to the liver 
cell damage, and iron overload aggravates the 
peroxidation process, thus accelerating the in- 
flammatory process of the body, and inducing 
liver cell necrosis and liver fibrosis [19].

Hepcidin is a key regulator of the entry of iron 
into the circulation. It has strong in vitro antimi-

results showed that hepatitis B/C patients had 
significant abnormalities in their liver function 
indices such as ALT, AST, and TBIL as well as 
their iron metabolism-related indices such as 
TRF, total iron binding capacity (TIBC), and fer-
ritin saturation (TS), and the differences be- 
tween the hepatitis B and hepatitis C patient 
groups were also pronounced. For example, the 

Figure 4. A correlation analysis of the serum hepcidin levels in the HCV-in-
fected patients with their HCV Ag and HCV Ab. The correlation analysis shows 
a significant negative correlation between the hepcidin levels with the HCV 
Ag levels (r=-0.9062, P<0.0001) (A) and with HCV Ab (r=-0.6095, P=0.0216) 
(B).

Figure 5. A correlation analysis of the serum ferritin levels in the HCV-infected 
patients with their ALB and TBIL levels. The serum ferritin levels of the HCV-
infected patients were positively correlated with their ALB levels (r=0.9792, 
P<0.0001) (A) and with their TBIL levels (r=0.9759, P<0.001) (B).

Figure 6. A correlation analysis of the serum hepcidin levels in the HCV-in-
fected patients with their ALT and AST levels. The serum hepcidin levels in 
the HCV-infected patients showed a significant positive correlation with their 
ALT levels (r=0.8236, P<0.0001) (A) but no correlation with their AST levels 
(r=-0.2803, P=0.2185) (B).

crobial activity, so it is called  
a “defensive peptide”. Several 
experiments have found that 
hepcidin is a negative regula-
tor of iron absorption and re- 
cycling, and it is the only bio- 
tin with a negative feedback 
of iron metabolism found so 
far. Hepcidin actually plays an 
essential role in maintaining 
the body’s iron homeostasis. 
When the body’s serum iron 
level is abnormally elevated, 
the hepcidin mRNA expres-
sion is increased and when 
the body is in an iron-defici- 
ent state, and the expression 
of hepcidin mRNA is signifi-
cantly reduced, thus achiev-
ing a dynamic balance in 
maintaining the serum iron 
level [20].

The results of the present 
study showed that the SI, SF, 
IL-6, ALT, AST and TBIL levels 
in the HCV-infected individu-
als were significantly higher 
than they were in the control 
group, while the hepcidin, TRF 
and ALB levels were signifi-
cantly lower than they were in 
the control group, with signifi-
cant differences between the 
groups (P<0.05), indicating 
that, on the one hand, HCV 
infection can damage liver 
function, but on the other 
hand, it does affect the bo- 
dy’s iron metabolism. Some 
scholars have carried out con-
trolled studies on patients 
with hepatitis B, patients with 
hepatitis C, and healthy indi-
viduals and analyzed the dif-
ferences in the routine liver 
function indicators, and the 
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mean level of TRF was 2.5±0.56 g/L in patients 
with hepatitis B and 2.17±0.48 g/L in patients 
with hepatitis C [21, 22]. We concluded that  
the liver is one of the main organs where iron  
is stored and transformed. Under normal cir-
cumstances, iron is stored in hepatocytes and 
macrophages, which are released for metabo-
lism when the body is deficient in iron, and  
hepcidin plays the role of regulating the iron 
homeostasis. The SI and S represent the level 
of free iron in the body. We found that HCV 
infection significantly affects liver function and 
leads to abnormal liver metabolism, and this is 
one reason for the decrease in the SHLs in  
HCV patients. In addition, retrospective analy-
sis results have shown that HCV structural pro-
teins are involved in the regulation of signaling 
pathways related to hepcidin expression and 
the down-regulation of hepcidin expression, 
thus affecting iron metabolism, which is consis-
tent with the results of this study [23].

This study also analyzed the correlation 
between the serum hepcidin levels and the 
viral loads in HCV patients. HCV patients were 
divided into three groups according to each 
patient’s degree of inflammation. A controlled 
study of 98 patients with hepatitis C and 80 
healthy controls showed that the TRF and TIBC 
levels of the hepatitis C patients were ne- 
gatively correlated with age. The SI, SF and TS 
levels were positively correlated with the ALT, 
AST and TBIL levels. The SF and TS levels were 
negatively correlated with the ALB level, and 
the TRF and TIBC levels were negatively corre-
lated with the ALT, AST and TBIL levels. This 
shows that there is a significant correlation 
between the serum iron metabolism indices 
and the inflammatory activity of the liver 
immune cells. Patients with hepatitis C have a 
significant iron overload compared with healthy 
individuals, and the reason may be that HCV 
virus infection leads to liver cell damage and 
large amounts of iron ions enter the blood [24]. 
We concluded that hepcidin is an important 
substance that can maintain the stability of  
the extracellular iron levels and the total iron 
levels, so the liver’ health status will have a sig-
nificant impact on the iron metabolism. HCV 
viral load is the most direct indicator of hepati-
tis C. An elevated viral load often indicates that 
the HCV virus is highly active. HCV Ag and HCV 
Ab are important indicators for determining the 
infectivity of hepatitis C and determining the 

indication for treatment and viral resistance. As 
mentioned above, the hepcidin level reflects 
the liver function. Therefore, the higher the 
HCV-RNA, HCV Ag, and HCV Ab levels the lower 
the hepcidin levels in patients with hepatitis C 
[25]. ALB, ALT, and TBIL are all clinical indica-
tors that reflect the hepatic synthesis and con-
version. HCV infection exacerbates the symp-
toms of iron overload, so as the inflammatory 
activity of the liver increases, there is a signifi-
cant increase in the hepcidin level [26].

In summary, the abnormal decrease in serum 
hepcidin in HCV-infected patients suggests 
that iron metabolism may be dysregulated,  
suggesting the possibility of evaluating the 
patients’ condition by measuring the hepcidin 
levels in the HCV patients and improving the 
prognosis of HCV patients by regulating their 
iron metabolism. The shortcoming of this study 
is its lack of experiments exploring the specific 
mechanism of hepcidin and HCV replication, 
which will be investigated in the future to 
improve the prognosis of HCV patients.
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