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Objective: To investigate the cortisol level in peripheral blood in evaluating the severity and
prognosis of patients with liver failure.

Methods: A total of 211 inpatients with liver failure were enrolled in Beijing You ‘an Hospital
affiliated with Capital Medical University, from September 2018 to January 2020. They were
divided into three groups according to the severity of liver failure: early-stage liver failure,
medium-stage liver failure and end-stage liver failure. In all patients, peripheral venous blood
was gathered to detect the level of peripheral cortisol and related biochemical indexes. Logistic
regression was used to screen the risk factors affecting the prognosis of patients at 90 days.
A receiver operating curve (ROC) was used to reflect the value of cortisol on the prognosis of
patients at 90 days. A model for end-stage liver disease (MELD) was accessed.

Results: Among these 211 patients with liver failure, aged from 19 to 70 years, the average level
of cortisol was 351.26 £ 129.78 nmol/L for 101 cases with early-stage liver failure, 281.05 +
81.31 nmol/L for 58 cases with medium-stage liver failure, and 189.21 + 89.27 nmol/L for 52
cases with end-stage liver failure (P < 0.05). The level of cortisol in the survival group and the
non-survival group was 339.26 + 121.19 nmol/L and 192.71 + 67.23 nmol/L, respectively (P <
0.05). The results of logistics regression analysis showed that the odds ratio (OR) and 95%
confidence intervals (CI) of cortisol were 1.025 and 1.013-1.038 nmol/L (P < 0.05). MELD
results showed that patients with higher MELD scores had lower cortisol content.
Conclusion: The level of cortisol is correlated with the severity of liver failure and decreases
with the aggravation of liver failure, suggesting that the level of cortisol could be used as one of
the indicators to evaluate the prognosis in patients with liver failure at 90 days.
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Introduction

Liver failure, which remains a worldwide health problem, is a complex syndrome
caused by a variety of factors, leading to severe disorder or decompensation of
synthesis, detoxification, metabolism and biotransformation functions, with jaun-
dice, coagulation dysfunction, hepatorenal syndrome, hepatic encephalopathy, and
ascites as the main manifestations of a group of clinical syndromes.'* Many
reasons cause liver failure. Hepatitis B virus (HBV) is the leading cause of liver
failure in China, and the mortality rate ranges from 50%-80%.°’ It has been
reported that patients with liver failure have a very high mortality rate at 90 days
of illness.* '” At present, there is no effective treatment except liver transplantation.
Liver transplantation could significantly reduce mortality in patients, but its clinical
application is limited due to the lack of liver sources and its high cost.''*

Therefore, an early and accurate assessment of patients with liver failure could
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provide the appropriate treatment for improving the prog-
nosis of patients. Currently, the commonly used methods
for evaluating the severity and prognosis of patients with
liver failure are mostly based on the functions of multiple
organs themselves."*!” But this method has limitations in
terms of accuracy and convenience of application.
Hormones play an important role in body metabolism
and organ function regulation. Previous studies have sug-
gested that glucocorticoids may be helpful in the treatment
of severe liver failure, which is often associated with
adrenal failure.'® Cortisol is an endogenous glucocorticoid
secreted by the adrenal cortex, and it is an important
cholesterol derivative for maintaining life homeostasis."’
The concentration of corticosteroid-binding globulin
decreased acutely, and its binding affinity with cortisol
decreased.”® This suggests that baseline cortisol levels
may serve as a prognostic indicator and may be used to
determine the severity of liver failure. In this study,
a prospective cohort observational study was conducted
to detect the amount of cortisol in peripheral blood of
patients with liver failure and to analyse the relationship
between the amount of cortisol and the severity of liver
failure. The purpose of this study was to provide a basis
for predicting the 90-day prognosis of patients with liver
failure with levels of cortisol.

Materials and Methods

Study Population

A total of 225 patients with liver failure aged 19 to 70 years
who were hospitalised in Beijing You ‘an Hospital, Capital
Medical University, from September 2018 to February 2020
were enrolled in this study. Inclusion criteria: in line with the
definition of liver failure in the Guidelines for the Diagnosis
and Treatment of Liver Failure (2018 Edition) formulated by
the Chinese Medical Association' (1) extreme fatigue and
obvious gastrointestinal symptoms; (2) jaundice aggravated,
total serum bilirubin (TBIL) was ten times higher than the
upper limit of normal or daily increase of TBIL was >17.1
mmol/L; (3) Patients with bleeding tendency, PTA <40% (or
INR >1.5); (4) decompensated ascites; (5) with or without
hepatic encephalopathy. Exclusion criteria: (1) diagnosed by
enhanced CT combined with serum markers; (2) left ventri-
cular systolic insufficiency diagnosed by ultrasound Doppler
examination; (3) renal insufficiency diagnosed according to
serum creatinine >133 umol/L; (4) treated with glucocorti-
coid within three months. The present study was approved by
Beijing You ‘an Hospital (2019-989), affiliated with Capital

Medical University. An informed consent form was signed
by all patients during their hospitalisation.

Data Collection

Clinical information of patients was collected, including
gender, age, the basis of liver disease, and causes of liver
failure (HBV reactivation, abdominal infection, alcohol con-
sumption, upper gastrointestinal bleeding, respiratory infec-
tion, and drugs). Patients were followed up 90 days after
admission. Outcomes (survival, death, and liver transplanta-
tion) were collected 90 days after diagnosis by an outpatient
medical record system or telephone follow-up. Liver trans-
plantation patients were considered lost to follow-up. Blood
samples were collected from all patients at 6:00 am on
the second day after admission and tested in the Clinical
Laboratory Center of Beijing You ‘an Hospital, Capital
Medical University. Serum was obtained by centrifugation
and then detected. Biochemical indicators: glutamate ami-
notransferase (ALT), aspartate aminotransferase (AST),
TBIL, HBV-DNA quantification, serum creatinine (CR),
albumin (ALB), serum sodium (NA). The detection instru-
ment used was an automatic biochemical analyser (Olympus
AU 5400 system, Japan), and the operation was carried out
according to the laboratory operating procedures.
Coagulation indicators: the international standardisation of
prothrombin time (PT-INR) detection instrument was an
automatic coagulation analyser (ACL Company Top 700).

Determination of Serum Cortisol

Serum cortisol was determined using a Roche E60 electro-
chemiluminescence analyser purchased from Enzyme-
Linked Bio Human Cortisol Kit (ELISA). Blood samples
were left to clot for two hours at room temperature, pro-
tected from the light, and later centrifuged at 1000 x g for 20
minutes in the centrifuge. The serum samples, at least 250
pL, aspired with an automatic pipette, were stored in sterile
tubes positioned vertically at —20°C to preserve the stability
of cortisol. The cortisol concentration of the samples was
quantified using an immunoassay kit and validated follow-
ing the instructions provided by the manufacturer.

The specific operations were as follows: (1) all
reagents were prepared before starting the assay proce-
dure, and all standards and samples were added to the
microtiter plate; (2) 50 pL of standard or sample was
added to the appropriate wells. Nothing was added to the
blank well; (3) 100 pL of enzyme conjugate was added to
standard wells and sample wells except the blank well then
covered with an adhesive strip and incubated for 60
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minutes at 37°C; (4) the microtiter plate was washed four
times; (5) 50 pL of substrate A and 50 pL of substrate
B was added to each well. All were gently mixed and
incubated for 15 minutes at 37°C, protected from the
light; (6) 50 uL stop solution was added to each well; (7)
Optical Density (OD) was read at 450 nm using
a microtiter plate reader within 15 minutes.

Diagnostic Criteria

Early stage of liver failure: (1) extreme fatigue and
obvious anorexia, vomiting, abdominal distension, and
other serious gastrointestinal symptoms; (2) jaundice
was progressive (serum TBIL >171 mmol/L or daily
increase >17.1 mmol/L); (3) bleeding tendency, 30%
<PTA <40% (or 1.5 <INR <1.9); (4) no hepatic ence-
phalopathy or other complications occurred. Medium
stage of liver failure: on the basis of the early mani-
festations of liver failure, and one of the following
two: (1) II degrees of hepatic encephalopathy or
ascites, or both, and infection; (2) significant bleeding
tendency (bleeding points or ecchymosis), 20% <PTA
<30% (or 1.9 <INR <2.6). End stage of liver failure: on
the basis of liver failure medium-stage performance,
the illness aggravating, severe bleeding tendency
(injection site ecchymosis), the PTA 20% or less (or
INR 2.6 or higher), and one of the following four:
hepatorenal syndrome, upper gastrointestinal bleeding,
severe infections, Il above the degree of hepatic
encephalopathy.

The model for end-stage liver disease (MELD) score
was used to assess the liver dysfunction in patients with
liver failure. According to the MELD score, the patients
were divided into three groups: MELD <30 group, MELD
<40 group, and MELD >40 group. The cortisol levels of
the three groups were compared. The MELD score was
calculated by the following formula:

MELD score = 3.8 In [TBIL (mg/d1)] +11.2+9.6 1 n/
n (INR)/CR (mg/dl) + 6.4.

After stimulation with adrenocorticotropic hormone
(ACTH), the low-level inappropriate response to adreno-
cortical hormone was called relative adrenal insufficiency
(RAI), which was considered to be closely related to
mortality. It is a concept used to describe the failure of
adrenal secretion in critically ill patients under stress. RAI
was diagnosed when the cortisol level was lower than 10
ug/dL (lower than 248 nmol/L).*!

Statistical Analysis

SPSS 25.0 statistical analysis software was used for statistical
analysis. Measurement data conforming to normal distribu-
tion were expressed as mean + standard deviation (X £ SD).
Analysis of variance was used to compare the mean values of
the three groups with different stages of liver failure and
different MELD scores. Prognostic factors were analysed
by univariate and multivariate logistic regression, and the
area under the receiver operating characteristics (AUROC)
was used to test the prognostic effect of cortisol levels. P <
0.05 suggested a statistically significant difference.

Results
Baseline Characteristics According to

Liver Failure Group
We excluded six cases of liver cancer, two cases of left
ventricular systolic insufficiency, three cases of renal insuf-
ficiency and three cases treated with glucocorticoid within
three months. Finally, 211 patients were included (Figure 1).
The results showed that 101 (47.87%) cases had early-
stage liver failure, 58 (27.49%) cases had medium-stage
liver failure, and 52 (24.64%) cases had end-stage liver
failure. A comparison of the general conditions of the three
groups is shown in Table 1. Of the 211 patients, 178 (84.4%)
were male, with an average age of 45.7 = 10.4 years. There
were 33 (15.6%) females with an average age of 56.3 £ 11.7
years. In terms of clinical manifestations, 87 (41.2%) cases
had chronic hepatitis, and 124 (58.8%) cases had cirrhosis.
From the course of the disease, four (6.64%) cases had acute
liver failure, 102 (48.34%) cases had chronic and acute/
subacute liver failure, and 95 (45.02%) cases had chronic
liver failure. In terms of actiology, 87 (41.23%) cases had
HBYV, 31 (14.69%) cases had hepatitis C, 48 (22.75%) cases
had alcoholic liver disease, 16 (7.58%) cases had drug-
induced liver disease, and 29 (13.74%) had autoimmune
liver disease. Among the acute aggravating factors of liver

| Baseline enrolled patients n=225 |

14 patients were ruled out

1) 6 : liver cancer

2) 2: Left ventricular insufficiency

3) 3: renal insufficiency

4) 3: treated with glucocorticoid within 3 months

| 211 patients for final

Figure | Diagrammatic sketch of the screening process.
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Table | Comparison of General Characteristics Between Different Stages of Liver Failure

Early-Stage (101 Cases) | Medium-Stage (58 Cases) | End-Stage (52 Cases) | P-value
Age, years 48.13+13.36 48.86+8.60 44.06+8.71 0.050
Male (%) 89 (88.12%) 44 (75.86%) 45 (86.54%) 0.011
Chronic hepatitis (%) 36 (35.64%) 25 (43.10%) 26 (50.00%) 0.000
HBV-reactivates 10 12 16 0.000
Gastrointestinal bleeding | 3 2 7 0.000
Alcohol 2 7 5 0.000
Spontaneous peritonitis 6 I 12 0.000
Lung infection | | 3 0.000
Drug 0 3 [ 0.000
TBil (mmol/L) 292.57+169.32 361.60+173.67 462.88+187.08 0.000
INR 1.95+0.30 2.92+0.62 5.34x1.01 0.000
ALB (g/L) 31.96+3.87 31.79+3.60 32.08+4.34 0.927
Cr (mmol/dL) 80.63+22.27 75.54+24.53 119.70£31.17 0.006
Na (mmol/L) 135.26+4.17 135.88+4.60 134.88+6.85 0.579
MELD score 25.93+4.68 30.33+£3.55 36.79+3.40 0.000
Cortisol (nmol/L) 351.26+129.78 281.05+81.31 189.21£89.27 0.000
RAI cases (%) 23 (22.78%) 23 (39.66%) 43 (82.69%) 0.000

Note: P<0.05 was considered statistically significant.

Abbreviations: TBil, total bilirubin; INR, standardized ratio of prothrombin; ALB, plasma albumin; CR, serum creatinine; NA, serum sodium ions; MELD, model of end-

stage liver disease; RAI, relative adrenal cortical insufficiency.

failure, there were 38 cases of HBV reactivation (37.25%),
29 cases of spontaneous peritonitis (28.43%), 14 cases of
drinking alcohol (13.73%), 12 cases of gastrointestinal
bleeding (11.76%), five cases of pulmonary infection
(4.90%), and four cases of hepatotoxicity of drugs
(3.92%). There were 118 cases of hepatic encephalopathy
(55.92%), 28 cases of renal failure (13.27%), 21 cases of
pulmonary failure (9.95%), and 12 cases of circulatory fail-
ure (5.69%).

Patients with viral hepatitis received antiviral treatment
according to clinical guidelines, and conventional treat-
ment included liver protection therapy, plasma infusion,
albumin, and nutritional support. There were 26 (12.32%)
patients who received artificial liver plasmapheresis.
Patients with hepatorenal syndrome or renal failure receive
albumin, terlipressin or renal replacement therapy, or both.
Patients with hepatic encephalopathy were treated with
lactulose, ornithine aspartate and arginine. Bacterial infec-
tions were treated with antibiotics. Shock patients were
given antishock treatment, such as blood volume expan-
sion and vasoactive drugs. Patients with respiratory failure
received oxygen therapy and ventilator support when
necessary. There were 18 (8.53%) patients who received

liver transplantation during hospitalisation.

As shown in Table 1, the cortisol level of patients with
early-stage liver failure was 351.26 + 129.78 nmol/L, and
the RAI ratio was 22.78%. The cortisol level of patients
with medium-stage liver failure was 281.05 + 81.31 nmol/
L, and the RAI ratio was 39.66%. The cortisol level of
patients with advanced liver failure was 189.21 + 89.27
nmol/L, and the RAI ratio was 82.69% (P < 0.05).

Associate of Different MELD Scores with

Cortisol Levels

Figure 2 shows that in the group with a MELD score <30,
the cortisol level was 354.34 + 122.64 nmol/ L. In the
group with a 30 <MELD<40, the cortisol level was 247.26
+ 91.13 nmol/L. In the MELD >40 group, the cortisol
level was 173.23 + 68.77 nmol/L (P < 0.01).

Comparison of Cortical Content
Between Survival Group and Death
Group

The patients were divided into a survival group and
a death group based on the prognosis of patients at 90
days. In the survival group, there were 143 cases
(67.77%), and 68 cases (32.23%) had died. The details
are shown in Table 2.
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Figure 2 Comparison of cortisol levels in patients with different MELD score.

As shown in Table 2, the cortisol level of patients in the
survival group was 339.26 + 121.19 nmol/L, and the inci-
dence of RAI was 23.78%. The cortisol level of patients in
the no-survival group was 192.71 = 67.23 nmol/L, and the
incidence of RAI was 80.88% (P < 0.01). Cortisol levels in
the no-survival group were significantly lower than those in
the survival group.

Univariate and Multivariate Logistic
Regression Analysis of Risk Factors for

Liver Failure

We conducted the univariate and multivariate logistic regres-
sion analysis, and found that age (OR = 0.890, P = 0.002),
MELD score (OR = 0.718, P = 0.017), TBIL (OR = 0.993,
P =0.005), and cortisol level (OR = 1.025, P = 0.000) was
related to the prognosis of patients with liver failure admitted
to hospital (Table 3). Age, MELD score, and TBIL were the

independent protection factors. Cortisol level was an inde-
pendent risk factor. The following formula was obtained by
binary logistic regression analysis: Y = 24.07 + 0.025 (corti-
sol level) —0.331 (MELD score) —0.116 (age) —0.007
(TBIL).

Level of Cortisol at 90-Day for Prognosis

of Patients with Liver Failure

The AUC of ROC curves about the prognosis of
patients with liver failure is shown in Figure 3. The
AUC of cortisol was 0.8525, P < 0.001. The cut-off
values for the prediction of mortality were identified
for cortisol levels (252.3 nmol/L, sensitivity = 0.762,
I-specificity = 0.176).

Discussion
The concept of “hepato-adrenal syndrome” was put for-
ward by Marik et al in 2004 because of findings that
showed 72% of patients with liver failure had adrenal
insufficiency.”> With the development of liver failure, the
incidence of adrenocortical insufficiency gradually
increases. It is proposed that cortisol levels are likely to
correlate with the severity of liver failure and may indicate
a poor prognosis.”® This provides a basis for the use of
cortisol levels to assess disease severity and prognosis.
Our results suggested that cortisol played a crucial role
in the process and severity of liver failure, and the higher
the level was, the higher the survival rate of patients was.
In this study, the incidence of RAI in patients with liver
failure at admission was 42.18%. It has been reported that

the incidence of RAI in HBV-ACLF patients was 43%,24

Table 2 Comparison of General Characteristics Between Survival Group and No-Survival Group

Survival Group No-Survival Group P-value

(143 Cases) (68 Cases)
Age, years 41.10£13.36 48.8618.60 0.041
Male (%) 118 (82.52%) 60 (88.24%) 0.011
Chronic hepatitis (%) 60 (41.96%) 27 (39.71%) 0.767
TBil (mmol/l) 278.48+148.13 511.31%151.98 0.000
INR 2.34+0.70 4.51x1.62 0.000
ALB (g/L) 32.06+3.90 31.69+3.92 0.613
Cr (mmol/dL) 66.61+22.56 135.64+42.53 0.000
Na (mmol/L) 135.67+4.17 134.631£6.71 0.239
MELD score 26.99+4.53 35.76+4.05 0.000
Cortisol (nmol/L) 339.26x121.19 192.71+67.23 0.000
RAI cases (%) 34 (23.78%) 55 (80.88%) 0.000

Note: P<0.05 was considered statistically significant.

Abbreviations: TBil, total bilirubin; INR, standardized ratio of prothrombin; ALB, plasma albumin; CR, serum creatinine; NA, serum sodium ions; MELD, model of end-

stage liver disease; RAI, relative adrenal cortical insufficiency.
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Table 3 Logistic Regression Analysis of Prognostic Independent Risk Factors for Patients 90 Days After Admission

Univariate Logistic Regression Analysis Multivariate Logistic Regression Analysis
OR (95% CI) P-value OR (95% CI) P-value
Age, years 0.995 (0.970-1.020) 0.000 0.890 (0.828-0.957) 0.002
Male (%) 0.629 (0.268-1.479) 0.288 0.368 (0.050-2.701) 0.325
Chronic hepatitis (%) 1.098 (0.609-1.977) 0.756 1.258 (0.589-9.801) 0.369
TBil (mmol/L) 0.991 (0.989-0.994) 0.000 0.993 (0.988-0.998) 0.005
INR 0.301 (0.202-0.446) 0.000 0.263 (0.044—1.555) 0.141
ALB (g/L) 1.025 (0.952—1.105) 0.511 1.052 (0.904-1.225) 0.511
Cr (mmol/dL) 0.982 (0.974-0.990) 0.000 0.992 (0.974-1.010) 0.385
Na (mmol/L) 1.042 (0.984-1.104) 0.163 0.940 (0.815—1.085) 0.400
Cortisol (nmol/L) 1.019 (1.014-10.25) 0.000 1.025 (1.013-1.038) 0.000
MELD score 0.642 (0.569-0.724) 0.000 0.718 (0.546-0.943) 0.017

Note: P<0.05 was considered statistically significant.

Abbreviations: OR, odds ratio; Cl, confidence interval; TBil, total bilirubin; INR, standardized ratio of prothrombin; ALB, plasma albumin; CR, serum creatinine; NA, serum

sodium ions; MELD, model of end-stage liver disease.

2 and 62% for acute liver

33% for chronic liver failure,2
failure.”> The level of peripheral blood cortisol decreased
with the aggravation of liver failure, and the incidence of
RAI gradually increased (P < 0.05). The change of total
serum cortisol is a reliable measure of RAI in patients with
liver disease. RAI is associated with an increase in the
cumulative incidence of mortality in all patients with
severe liver disease such as ACLF.’® The condition of
patients with end-stage liver disease could be accurately
evaluated by the MELD score, which is positively corre-

26 The level of cortisol decreased as

lated with mortality.
the MELD score increased. This suggested that cortisol
levels may be one of the indicators to reflect the severity
of liver failure. Cortisol levels in the no-survival group

were significantly lower than that in the survival group at
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2 p<0.0001
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Figure 3 ROC: Receiver operating characteristics sensitivity and specificity for
mortality based on cortisol level cut off 252.3 nmol/L.

90 days after admission. Previous studies have shown that
cortisol level is associated with the prognosis of liver
failure, chronic liver disease, and decompensated cirrhosis
and have suggested that as cortisol levels decline, the
mortality of patients increases.”**”?° The results of binary
logistic regression analysis showed that age, MELD score
and TBIL were independent protective factors affecting
the prognosis of patients with liver failure at 90 days,
and cortisol level was an independent risk factor. This
study suggested that cortisol may be a useful predictor of
the 90-day prognosis for liver failure.

Cortisol is one of the most important glucocorticoids
secreted by the adrenal cortex.’®*' The hypothalamic-
pituitary-adrenal (HPA) axis could be activated and secretes
glucocorticoids due to the disease. In patients with liver
failure, the HPA axis can be activated by various cytokines,
and glucocorticoid secretion is increased. But HPA is inhib-
ited by excessive TNF-a in patients, resulting in reducing
glucocorticoid secretion.*? It has been reported that cortisol
is one of the most important indicators to evaluate stress
response, and cortisol level is correlated with cell damage
and functional failure.>* Sun et al investigated the relation-
ship between the level of cortisol in peripheral blood and the
condition and prognosis of patients with chronic acute liver
failure associated with HBV.** They found that the level of
cortisol gradually decreased with the severity of liver fail-
ure. In addition, cortisol levels increased over time in the
survival group and decreased over time in the no-survival
group. Fan et al investigated the relationship between the
level of cortisol in peripheral blood of patients with HBV-
associated liver failure and the severity of the disease and
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prognosis.®> The results of their study suggested that the
cortisol level in the early stage of liver failure group (17.97
+ 3.16 pg/ dL) was significantly higher than that in the
medium-stage liver failure group (11.01 &+ 2.94 pg/dL) and
the end-stage of liver failure group (6.66 + 2.60 pg/dL).
They also observed the dynamic pattern of serum cortisol
level in patients with HBV-associated liver failure and
found that cortisol levels in the survival group increased.
They proposed that ALB, MELD, TC, and cortisol were
independent risk factors for the prognosis of patients with
HBV-associated ACLF. Although the object of this study is
not exactly the same as other studies, our results are basi-
cally consistent with that of previous studies.

In this study, we found that the level of cortisol was
correlated with the severity of liver failure, which makes it
possible to use cortisol when evaluating the prognosis of
patients with liver failure at 90 days. However, this study still
has some limitations. First, this study was conducted with
a limited sample size. Second, the dynamic changes of cortisol
levels were not monitored to evaluate the prognosis of patients.

Conclusion
Generally, this study prospectively analysed the correla-
tion between cortisol levels and liver failure severity and
90-day prognosis. Our results suggested that cortisol
played a crucial role in the process and severity of liver
failure, and the higher the level was, the higher the survi-
val rate of patients was.

In the future, we will continue to increase the sample data
of different aetiologies and diseases for further research.

Abbreviations

MELD, model for end-stage liver disease; ROC, receiver
operating curve; OR, odds ratio; CI, confidence intervals;
HBYV, hepatitis B virus; ALT, glutamate aminotransferase;
AST, aspartate aminotransferase; TBIL, total bilirubin; CR,
serum creatinine; ALB, albumin; NA, serum sodium; ACTH,
adrenocorticotropic hormone; PT-INR, the international stan-
dardization of prothrombin time; RAI, relative adrenal insuf-
ficiency; HPA, hypothalamic-pituitary-adrenal; AUROC,
area under the receiver operating characteristics.
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