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Correlation between cortisol levels and concurrent infection for
hepatitis B cirrhosis patients and countermeasure analysis
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Abstract. The study assessed the correlation between cortisol
(COR) levels and concurrent infection for the patients with
hepatitis B cirrhosis for corresponding countermeasure
analysis. In total, 86 patients with hepatitis B cirrhosis
(non-infection group) and 32 patients with hepatitis B
cirrhosis complicated with infection (infection group) who
were diagnosed and treated in the Beijing YouAn Hospital
from March 2014 to March 2017 were selected. The fasting
venous blood of all the patients was drawn to detect COR,
cortisol binding globulin (CBG), blood routine indexes,
C-reactive protein (CRP), procalcitonin (PCT), endotoxin
and other indicators. The relative expression of CBG mRNA
was detected by reverse transcription quantitative polymerase
chain reaction (RT-qPCR). The differences and correlation of
COR levels between the infection and non-infection groups
were compared and analyzed. The concentrations of COR and
CBG were decreased with the increase of Child-Pugh grade,
and the difference was statistically significant (P<0.05). COR,
CBG and free cortisol (FC) concentrations with the same
Child-Pugh grade in the non-infection group were higher
than those in the infection group (P<0.05). COR, CBG and
FC concentrations of abdominal infection complicated with
sepsis or abdominal infection complicated with pulmonary
infection were lower than those of simple abdominal infec-
tion (P<0.05). The relative expression of CBG mRNA was
detected by RT-qPCR, which also showed that: for Child-Pugh
grade, grade A > grade B > grade C (P<0.05), non-infection
group > infection group (P<0.05), abdominal infection + sepsis
group and abdominal infection + pulmonary infection group
were lower than the simple abdominal infection group (P<0.05).
The values of white blood cells (WBC), neutrophils, CRP, PCT
and endotoxin in the infection group were higher than those in
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the non-infection group, and the differences were statistically
significant (P<0.05). COR, CGB and FC were negatively corre-
lated with inflammatory indexes such as WBC, neutrophils,
CRP, PCT and endotoxin. The r value of COR and FC in the
non-infection group was 0.678, while that of OR and FC in the
infection group was 0.787. COR was positively correlated with
FC before and after infection. The results of the study show
that the cortisol levels of patients with hepatitis B cirrhosis
are significantly correlated with whether infected or not, levels
of disease condition and infection types, and can be used as
sensitive indicators of hepatitis B cirrhosis infection.

Introduction

Liver cirrhosis has clinical features such as high incidence,
difficult curability and high fatality rate (1). Hepatitis B
virus-related cirrhosis is the main type of liver cirrhosis.
With the development of hepatitis B disease, liver cirrhosis
occurs. According to statistics, for the patients with hepatitis B
cirrhosis, the 5-year survival rate is approximately 50%, while
the survival rate is lower than 20% in the decompensated
period, leading to severe impact on the patients' quality of life
of the elderly in China (2,3).

The concurrent infection caused by bacteria and other
pathogens is one of the important factors resulting in the diffi-
culties to successfully treat patients with hepatitis B cirrhosis,
and can lead to death (4). In recent years, it has been reported
that most patients with hepatitis B cirrhosis complicated with
infection are accompanied with a decrease of cortiadrenal
function, and thereby liver function is indirectly affected,
which makes the disease difficult to treat (5-7).

In this study, the cortisol secreted by the adrenal cortex
was the focal point, the changes of the infected and uninfected
cortisol and serum inflammatory factors of patients with hepa-
titis B cirrhosis were compared, and the correlation between
cortisol (COR) and concurrent infection as well as the counter-
measures were analyzed.

Materials and methods

Materials. According to the criteria of the Guideline
of Prevention and Treatment for Chronic hepatitis B
(2010 version), 86 patients who were diagnosed and treated in
the Beijing YouAn Hospital from March 2014 to March 2017
were selected as the non-infection group. This group comprised
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58 males and 28 females, aged 25-72 years, with an average age
of 54.32+15.41 years. According to the Child-Pugh grade, there
were 7 cases with grade A, 38 cases with grade B and 41 cases
with grade C. Thirty-two cases of patients were included in
the infection group, including 21 males and 11 females aged
24-73 years, with an average age of 55.14+16.03 years. There
were 2 cases with grade A, 14 cases with grade B and 16 cases
with grade C. Of the 32 cases, 14 cases had simple abdominal
infection, 10 cases had abdominal infection complicated with
sepsis, and 8 cases had abdominal infection complicated with
pulmonary infection.

Exclusion criteria were: i) Patients with other virus
infections except HBV; ii) patients with non-alcoholic
steatohepatitis, tumor, alcoholic liver disease, cardio-cerebro-
vascular disease and other major diseases; iii) patients with
abnormal adrenal cortex function and any patients who had
taken drugs affecting the secretion of cortisol within the last
six months.

The differences were not statistically significant regarding
age, sex, weight, disease grading and other indexes between
the two groups of patients (P>0.05), and thus comparable.

This study was approved by the Hospital Ethics Committee
of the Beijing YouAn Hospital (Beijing, China), and made an
introduction to the selected patients to ensure that informed
consent was signed by them and that they were fully informed.

Reagents. COR chemiluminescence kit (Beckman Coulter,
Brea, CA, USA), cortisol binding globulin (CBG)
enzyme-linked immunosorbent assay (ELISA) kit (Shanghai
Jiang Lai Biotechnology Co., Ltd., Shanghai, China),
TRIzol (Thermo Fisher Scientific, Waltham, MA, USA),
chloroform, isopropanol (Beijing Chemical Factory, Beijing,
China), moloney murine leukemia virus (M-MLV) reverse
transcriptase, DNase I (both from Thermo Fisher Scientific),
SYBR® Premix Ex Taq™ II (Takara, Dalian, China), and
synthetic primers (BGI Genomics, Shenzhen, Guangdong,
China) were used in the present study.

Blood routine test. Fasting venous blood (15 ml) was collected
from all the patients in the morning, and 7 ml was used in
the tests for related inflammatory indexes using a Roche C501
automatic biochemical analyzer (Roche Diagnostics, Basel,
Switzerland) including white blood cells (WBC), neutrophils,
procalcitonin (PCT), endotoxin and C-reactive protein (CRP).

Detection of cortisol concentration. The collected 7 ml fasting
venous blood was centrifuged at 1,300 g/min for 15 min at 4°C
in order to collect serum. The concentrations of COR and CBG
in the serum were measured by corresponding kits. The concen-
tration of free cortisol (FC) was calculated using the Coolens
formula: FC concentration (mmol/l) = Z? + 0.122¢) 1/2-Z; and
the coefficient Z was calculated, Z=0.0167+0.182 (T-C), while
T was the concentration of COR, and C was the concentration
of CBG (8).

mRNA expression detection of CBG gene. RNA was
extracted from 1 ml whole blood by TRIzol. The procedure
was strictly performed as per the protocol following the
instructions, and the concentration was measured. RNA (1xg)
was taken to be used for reverse transcription reaction by
reverse transcriptase kit to obtain cDNA. The concentration
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Table I. RT-PCR primer sequences of CBG and -actin mRNA.

Gene names Primer sequences

CBG 5-TAGCCCAGCCATCCTC-3'
3-GTGCTCGACTGCAACATC-5'
p-actin 5-TCAGGTCATCACTATCGGCAAT-3'

3-AAAGAAAGGGTGTAAAACGCA-5'

CBG, cortisol binding globulin.

of cDNA was adjusted, and the levels of mRNA and relative
expression of different groups were measured using Bio-Rad
CFX 96 PCR (Hercules, CA, USA) instrument in accordance
with the instructions of the SYBR® Premix Ex Taq™ II kit.
The corresponding primer sequences are shown in Table I (9).

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 19.0 (Hangzhou NewGrand Software Co., Ltd.,
Hangzhou, China) was used for data processing. Measurement
data are shown as mean + SD, and were detected by student's
t-test. The Kruskal-Wallis test was used for the enumeration
data and multiple comparisons (Tables I and II). Analysis
of variance was performed, and then pairwise comparison.
Pearson's test was used for the correlation analysis between
factors. P<0.05 was considered statistically significant (10).

Results

Comparisons of cortisol levels for the three Child-Pugh
grades in the two groups. The concentrations of COR and
CBG decreased with the increase of Child-Pugh grades in the
infection and non-infection groups, and the differences were
statistically significant (P<0.05). The concentrations of COR,
CBG and FC at the same grade in the non-infection group were
higher than those in the infection group (P<0.05) (Table II).
The relative expression of CBG was detected by RT-qPCR,
which also showed that grade A > grade B > grade C
(P<0.05), and non-infection group > infection group (P<0.05)

(Fig. 1).

Comparisons of cortisol levels among different infection
types in the infection group. The concentrations of COR, CBG
and FC for abdominal infections complicated with sepsis
or pulmonary infection were lower than those for simple
abdominal infection (Table III). The relative expression of
CBG was detected by RT-qPCR, which showed that the group
of abdominal infection complicated with sepsis and the group
of abdominal infection complicated with pulmonary infection
were lower than the group of simple abdominal infection
(P<0.05) (Fig. 2).

Comparisons of related infection indexes between the two
groups. The values of WBC, neutrophils, CRP, PCT and
endotoxin in the infection group were higher than those in
the non-infection group, and the differences were statistically
significant (P<0.05) (Table I'V).
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Figure 1. The relative expression of cortisol binding globulin (CBG) is detected by reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
(A) The non-infection group is higher than the infection group in ('P<0.05). (B) Grade A > grade B > grade C ("P<0.05).

Table II. Comparisons of cortisol levels for the three Child-Pugh grades in the two groups, mean + SD.

Non-infection group Infection group
Observation indexes Grade A Grade B Grade C Grade A Grade B Grade C
COR (pg/dl) 14.98+4 .34 13.87+4.78* 11.98+4 .07 13.76+5.13¢ 12.12+4 .97%¢ 10.43+3.76*°
CGB (ug/ml) 4743+11.21 36.54+9.87* 28.42+9.06*° 38.21+14.32¢ 29.56+12.01%¢ 22.36+9.65*
FC (nmol/l) 95.21+£3.21 94.72+4 54* 94.77+3.12* 89.21+4.21¢ 88.67+3.87*¢ 87.32+2.63%¢

“Represents comparisons between intragroup grades and grade A, P<0.05; Prepresents comparisons between intragroup grades and grade B,
P<0.05; ‘represents comparisons among groups at the same grade, P<0.05. CBG, cortisol binding globulin; COR, cortisol; FC, free cortisol.

Table III. Comparisons of cortisol levels among different infection types in the infection group (mean + SD).

Infection types No. (A/B/C) COR (ug/dl) CGB (ug/ml) FC (nmol/l)
Abdominal infection 14 (2/6/6) 13.81+4.54 40.32+13.12 91.43+4.08
Abdominal + sepsis 10 (0/5/5) 10.97+3.54 23.3249.87* 86.67+3.65
Abdominal + pulmonary 8 (0/3/5) 10.43+£3.54* 22.98+11.08" 86.18+3.76"

“Represents comparisons with the abdominal infection, P<0.05. CBG, cortisol binding globulin; COR, cortisol; FC, free cortisol.
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globulin (CBG) genes. The group of abdominal infection complicated with of hepatitis induced by various viruses. Liver cirrhosis caused

sepsis and the group of abdominal infection complicated with pulmonary by this is one of the major diseases in the world. Liver cirrhosis

infection are lower than the group of simple abdominal infection ("P<0.05). is commonly complicated with infection, liver ascites and liver

cancer (11). Infection is the common complication in liver

cirrhosis. Liver cirrhosis complicated with infection often has

Correlation analysis of cortisol and related infection indexes.  longrecovery time and poor prognostic result, and the mortality

COR, CGB and FC were negatively correlated with such rate is 60% (12). Cortisol, also known as hydrocortisone and
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Table IV. Comparisons of related infection indexes between the two groups (mean + SD).

Infection indexes Non-infection group Infection group t-values P-value
WBC (x10°/1) 5.58+2.89 8.49+4 .99 3.345 0.002
Neutrophils (%) 67.87+6.76 77.87+9.98 5012 0
CRP (ug/l) 14.61£3.76 20.51+£5.32 3.145 0.036
PCT (ng/ml) 1.29+0.64 1.79+0.82 3.169 0.041
Endotoxin (pg/ml) 60.76+29.87 271.08+138.76 3.132 0.024
CBG, cortisol binding globulin; COR, cortisol; FC, free cortisol; PCT, procalcitonin.
Table V. Correlation analysis of cortisol and related infection indexes.
Indexes WBC (x10%/1) Neutrophils, sec (%) CRP (ug/) PCT (ng/ml) Endotoxin (pg/ml)
COR (ug/dl) -0.657 -0.598 -0.712 -0.698 -0.812
CGB (ug/ml) -0.712 -0.608 -0.743 -0.765 -0.784
FC (nmol/l) -0.687 -0.654 -0.733 -0.654 -0.765
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1001 100,
. 98- et "’ —~ 984 .
= . % ¢ .
o
96 - o 96
g s ] .t
g _/ 2 * -
[T - Y ]
92 - " 92+ H
90 L L} L] L] T 1 90 JI L3 Ll L) 1
10 12 14 16 18 20 22 10 12 14 16 18 20
COR ( pg/dl) COR ( pg/di)

Figure 3. Correlation analysis of cortisol (COR) and free cortisol (FC) before and after infection. (A) COR is positively correlated with FC in the non-infection
group (r=0.687). (B) COR is positively correlated with FC after infection (r=0.787).

which is produced by the adrenal gland, mainly exists in the
form of binding state and free state. Cortisol has a particularly
important effect in controlling mood and health, immune
cells and inflammation, connection between blood vessel and
blood pressure, as well as maintaining bones, muscles, skin
and other organs. Cortisol generally maintains the stability of
blood pressure and controls excessive inflammation in the case
of pressure state (13,14).

Cirrhosis can be divided into grade A, B and C according
to Child-Pugh score from low to high in accordance with its
development degree. Especially in later period, the secretion
of COR often becomes abnormal, which is largely related to
the synthesis and expression of CBG being affected (15,16).
In this study, the results showed that the concentrations of
COR and CBG decreased with the increase of Child-Pugh
grade in either the infection group or non-infection group,
and the differences were statistically significant (P<0.05).
The relative expression of CBG was detected by RT-qPCR,
which showed that: grade A > grade B > grade C (P<0.05).
Previous findings have shown that 50-70% of the patients
suffering from shock due to cirrhosis combined with infection

have adrenal insufficiency, and the damaged adrenal cortical
function is bound to affect the level of cortisol in vivo (17).
In this study, the results also verified that the concentrations
of COR, CBG and FC in the infection group were lower than
those in the non-infection group whether on the whole or at
the same Child-Pugh grade, and RT-qPCR also confirmed that
the expression of CBG gene in the infection group was lower
than that in the non-infection group, which was consistent
with the findings of Hamrahian ez al, who identified that, the
expression of CBG gene declined rapidly with the deepening
of infection extent (18).

This study also showed that the concentrations of COR,
CBG and FC for abdominal infection complicated with sepsis
or pulmonary infection were lower than those for simple
abdominal infection (P<0.05). The relative expression of
CBG was detected by RT-qPCR showing that the group of
abdominal infection complicated with sepsis or pulmonary
infection were lower than the simple abdominal infection
(P<0.05). The results suggests that different infection sites and
types can also lead to the decrease of the cortisol level in vivo,
especially for more than two concurrent infections, which may
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be greatly associated with that of more serious infection. Thus,
the metastasis of abdominal infection to infect other organs
exacerbates the disease.

WBC, neutrophil percentage, CRP, PCT and endotoxin
are the most common and sensitive indexes used to measure
infection and the most intuitive indexes for infection extent
of blood routine at present, and their elevated degree is
directly proportional to disease degree of inflammation (19).
The present study also verified that the above indexes of the
hepatitis B cirrhosis patients complicated with infection were
higher than those of the hepatitis B cirrhosis patients without
infection. In addition COR, CGB and FC were negatively
correlated with such indexes as WBC, neutrophils, CRP, PCT
and endotoxin by further study for the correlation between
infection indexes and cortisol. Results show that the cortisol
levels of hepatitis B cirrhosis patients are significantly corre-
lated whether infected or not, and grades of condition and
infection types can be used as sensitive indexes to control
hepatitis B cirrhosis infection.

In conclusion, the content of cortisol in vivo can be used as
an important index to treat and prevent infection. Therefore,
to reduce the probability of infection, grading of hepatitis B
cirrhosis should be predicted by the detection of cortisol
concentrations. Medical treatment should be taken as early
as possible according to different disease grades, and nursing
measures should be reinforced. Adrenocortical function
should be improved, and the cortisol level should be kept at a
reasonable range, in order to indirectly reduce the occurrence
of infection. In addition, nursing care for cirrhosis patients
should be enhanced, in order to reduce the occurrence rates of
psychological fear and unforeseen circumstances.
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