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Abstract: Objective: To explore the clinical value of cortisol (Cor) and the C-reactive protein (CRP)/prealbumin (PA)
ratio in assessing the prognosis of elderly patients with sepsis. Methods: A prospective study was conducted, in
which 73 elderly patients with sepsis admitted to The First Affiliated Hospital of Fujian Medical University between
January 2017 and January 2019 were assigned to the sepsis group, and 73 concomitant healthy elderly people as
confirmed by physical examination were assigned to the control group. The levels of plasma Cor, serum CRP and PA,
and the CRP/PA ratio were compared between the sepsis and control groups. The patients with sepsis were strati-
fied into the following three subgroups according to their individual Acute Physiology and Chronic Health Evaluation
(APACHE) Il scores: 0-10-score subgroup (n=21), 11-20 score subgroup (n=35) and more-than 20-score subgroup
(n=17). The levels of Cor, CRP and PA, and the CRP/PA ratio of patients were compared across the three subgroups,
and the correlation of the levels of Cor, CRP and PA, and the CRP/PA ratio with the APACHE Il scores were also ana-
lyzed. In addition, the patients with sepsis were subdivided into a survival subset (n=53) and a death subset (n=20)
on the condition if they died within 28 days. The patients of the survival and death subsets were compared with
regard to the levels of Cor, CRP and PA, and the CRP/PA ratio. The Receiver Operating Characteristic (ROC) curves
were analyzed to evaluate the clinical value of Cor, CRP and PA, and CRP/PA ratio in predicting the prognosis of pa-
tients with sepsis. Results: The levels of Cor and CRP and the CRP/PA ratio were higher, but the PA level was lower in
the sepsis group than in the control group (all P<0.05). The patients with higher APACHE Il scores had higher levels
of Cor and CRP, and a higher CRP/PA ratio but lower levels of PA (all P<0.05). The levels of Cor, CRP and the CRP/
PA ratio were positively correlated with the APACHE Il scores, but the levels of PA were negatively correlated with the
APACHE Il scores. Higher levels of Cor, CRP, a higher CRP/PA ratio and lower levels of PA were observed in the death
subset compared to the survival subset (all P<0.05). The ROC curve analysis showed that the levels of Cor, CRP
and PA, and the CRP/PA ratio were of clinical value in predicting the prognosis of patients with sepsis (AUC>0.700).
Conclusion: The levels of Cor, CRP and PA and the CRP/PA ratio were closely associated with the severity of sepsis
in the elderly patients, and the markers had clinical value in predicting the prognosis of sepsis in such patients.
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Introduction high rates of morbidity and mortality but also

takes up a lot of medical resources. Therefore,

Sepsis is a clinical syndrome caused by an
infection that triggers an inflammatory res-
ponse; if the inflammatory response is unregu-
lated, a person may develop physiological and
organ dysfunction [1]. Sepsis is frequently con-
current with such diseases as major surgery,
shock, poisoning, and large-area burns [2].
Epidemiological data reveal that millions of
patients develop sepsis annually in the world,
and approximately one fourths of them eventu-
ally die [3, 4]. Sepsis is not only associated with

it is of great clinical significance to explore the
pathogenesis and prognostic predictors for
sepsis [5, 6]. Cortisol (Cor) is primarily synthe-
sized from the adrenal cortex and acts to main-
tain the tension and integrity of blood vessels
and stimulate gluconeogenesis. It also affects
the water-electrolyte balance [7]. As inflamma-
tory cytokines are over-expressed in patients
with sepsis, the central nervous system pro-
motes elevation of glucocorticoid levels through
the neuroendocrine system via the hypothala-
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mus pituitary adrenal axis (HPA), and then
secretes a great deal of cortisol, inhibits the
inflammatory response in the body, and finally
successfully protects the body against inflam-
mation and overreaction of the immune system
[8]. In the course of occurrence and develop-
ment of sepsis, the acute phase protein (APP)
in the body varies substantially. C-reaction pro-
tein (CRP) and prealbumin (PA) belong to the
family of APPs. CRP is characteristic of early
presence and rapid elevation, so it can be used
as a sensitivity marker to detect the inflamma-
tory response of the body [9]. PA is a glycopro-
tein generated from the liver, and its concentra-
tions reflect hepatic function, nutritional status
and infection of the body. The ratio of CRP to
PA has shown to be clinically useful in the prog-
ress of sepsis [10]. However, few reports are
involved in investigating the above predictors
for prognosis of septic patients. Given this, this
study was designed to explore the clinical value
of Cor, CRP, and PA and the CRP/PA ratio in
evaluating the prognosis for sepsis in elderly
patients, so as to provide relevant evidence for
clinical diagnosis and treatment of sepsis.

Materials and methods
General data

In this prospective study, elderly patients with
sepsis (n=73) admitted to The First Affiliated
Hospital of Fujian Medical University from
January 2017 to January 2019 were assigned
to the sepsis group, while 73 concomitant
healthy elderly people as demonstrated by
physical examination in the same hospital were
assigned to the control group. In the sepsis
group, 48 patients were male and 25 were
female, with a mean age of 73.44+4.51 years.
In the control group, there were 50 male and
23 female patients, with a mean age of
73.58+4.92 years. Age and sex composition of
patients differed insignificantly between the
two groups. All the enrolled patients in this
study provided written informed consent; and
this study was approved by the Ethics Com-
mittee of The First Affiliated Hospital of Fujian
Medical University.

Inclusion and exclusion criteria

Patients with an age of 70 to 85 years were eli-
gible for enrollment into this study if they met
the criteria released in the International Gui-
delines for Management of Sepsis and Septic
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Shock, version 3.0, and had received no other
treatment before admission. Patients were inel-
igible for enrolment if they had other severe
coexisting disease or neurological or psychiat-
ric disorders; were participating in other stud-
ies; died within 24 hours after admission or
discharged; recently taken rifampicin or ste-
roids affecting the experimental results, or had
poor adherence to the treatment.

Outcome measures

Venous blood (5 mL) was extracted from each
patient on the second day after enroliment and
centrifuged at 3,000 r/min for 5 min. Plasma
Cor level was tested using electrochemilumi-
nescence (Elecss-2010 automatic electroche-
mical luminescence analyzer, Roche Pharma-
ceuticals), while the levels of CRP and PA were
detected with the use of immunoturbidimetry
(AU400 automatic biochemical analyzer, Oly-
mpus, Japan). All kits were purchased from
Shanghai Beyotime Biotechnology Co., Ltd. All
procedures were conducted strictly in accor-
dance with the instructions of the instruments
and reagents.

On the second day after enrollment, the Acute
Physiology and Chronic Health Evaluation (AP-
ACHE) Il scores were calculated for the elderly
septic patients on the basis of the worst values
for the physiological and biochemical variables
[11]. According to the resultant scores, the
patients were stratified into the 0-10 score
(n=21), 11-20 score (n=35) or more-than-20
score (n=17) subgroups.

Additionally, the patients with sepsis were also
stratified into the survival subset (n=53) or the
death subset (n=20) in accordance with the
death profile of the patients within 28 days
after enrollment.

Statistical analysis

Statistical analyses were performed with the
use of software SPSS, version 22.0. Count data
were expressed as cases and percentage,
while measurement data were represented by
mean * standard deviation (X * sd). Multi-
ple group comparisons of the variables were
made using one-way analysis of variance, and
between-group comparisons were conducted
by the pairwise t test. A chi-square test was
used to compare count data. The correlation
of the levels of Cor, CRP, and PA, and the CRP/
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Table 1. Comparison of Cor, CRP, PA and CRP/PA levels

Group Cor (ug/L) PA (mg/L) CRP (mg/L) CRP/PA
Sepsis group (n=73) 261.63+51.06 87.48+16.95 84.11+21.59 1.04+0.47
Control group (n=73) 101.34+24.56 279.18+54.89 3.12+1.17 0.11+0.04
t 24171 28.511 32.004 16.845
P <0.001 <0.001 <0.001 <0.001

Note: Cor: cortisol; CRP: C-reactive protein; PA: prealbumin.

Table 2. Cor, CRP, PA and CRP/PA levels of patients with different APACHE Il scores

Group Cor (ug/L) PA (mg/L) CRP (mg/L) CRP/PA
0-10 score subgroup (n=21) 222.55+25.83 102.84+7.54 62.10+10.85 0.61+0.12
11-20 score subgroup (n=35) 262.83+42.982 89.08+10.68° 84.00+11.582 0.96+0.19°
>20 score subgroup (n=17) 307.43+52.312° 65.21+11.71>>  111.53+15.223° 1.75+0.332°
F 19.776 65.435 75.613 136.371

P <0.001 <0.001 <0.001 <0.001

Note: Cor: cortisol; CRP: C-reactive protein; PA: prealbumin. Compared with 0-10 score group, P<0.05; compared with 11-20
score group, °P<0.05.

and CRP, and the CRP/PA ratio were higher, but
the PA level was lower (P<0.001; Table 2).

Table 3. Correlation between APACHEII score and
Cor, CRP, PA and CRP/PA levels

Statistic Cor (ug/L) PA (mg/L) CRP (mg/L) CRP/PA
R 0.594 -0.79 0.789 0.838
P <0.001 <0.001 <0.001 <0.001

Correlation of the APACHE Il scores with Cor,
CRP, and PA levels and the CRP/PA ratio

Note: Cor: cortisol; CRP: C-reactive protein; PA: prealbumin.

PA ratio with the APACHE Il scores were ana-
lyzed by Pearson’s correlation. The Receiver
Operating Characteristic (ROC) curves were uti-
lized to analyze the levels of Cor, CRP, and PA
and the CRP/PA ratio, and to assess the clini-
cal value of the predictors in predicting prog-
nosis of patients with sepsis. A P value of less
than 0.05 indicated a statistically significant
difference.

Results

Comparison of levels of Cor, CRP, PA and CRP/
PA ratio between the two groups

The results of comparisons show that the levels
of Cor, and CRP, and the CRP/PA ratio were
higher, but the PA level was lower in the sepsis
group than in the control group (all P<0.001;
Table 1).

Comparison of levels of Cor, CRP, PA and CRP/
PA ratio among patients with diverse APACHE
Il scores

The results of comparisons indicate that as the
APACHE Il scores went higher, the levels of Cor
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In patients of the sepsis group, Cor and CRP
levels and the CRP/PA ratio were positively cor-
related with the APACHE Il scores, whereas the
PA levels were inversely correlated with the
APACHE Il scores (Table 3).

Comparison of the markers of patients be-
tween the survival subset and the death sub-
set

Comparison of death and survival among pati-
ents with sepsis showed higher levels of Cor
and CRP, and a higher CRP/PA ratio in the de-
ath subset, but lower PA levels in the survival
subset (all P<0.001; Table 4).

ROC curves

Analysis of the ROC curves revealed that Cor,
CRP, and PA levels and the CRP/PA ratio had
some clinical value in evaluating the prognosis
of septic patients (AUC>0.700; Figure 1 and
Table 5).

Discussion

Conventional studies demonstrate that sepsis
is an inflammatory response caused by patho-
gens and their toxins. Nevertheless, with fur-
ther investigation, medical researchers have
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Table 4. Comparison of various indicators in the survival group and the death group

Group Cor (ug/L) PA (mg/L) CRP (mg/L) CRP/PA
Survival group (n=53) 246.31+46.80 93.44+12.22 78.18+19.16 0.87+0.30
Death group (n=20) 302.22+38.70 71.68+17.82 99.84+20.09 1.51+0.54
t 4.759 5.947 4.252 6.508
P <0.001 <0.001 <0.001 <0.001
Note: Cor: cortisol; CRP: C-reactive protein; PA: prealbumin.
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Figure 1. ROC curve. ROC: receiver operating characteristic.

Table 5. ROC curve results

PA nocortical dysfunction is al-
CRP so its compensatory perfor-
mance to maintain the normal
level of adrenocortical hor-
mone. ACTH over-expression
promotes the production and
release of cortisol, which in
turn suppresses inflammatory
response of the body. It fur-
ther inhibits the cascade reac-
tion of cytokines resulting fr-
om lymphocyte over-activa-
tion, and prevents circulatory
abnormalities and multiple
organ dysfunction in the bo-
dy. A prior study revealed that
the expression and activity of
metabolic enzyme for cortisol
reduced in critically-ill pati-
ents, resulting in decreased
plasma cortisol decomposi-

reference line

Indicator Cor (ug/L) PA (mg/L) CRP (mg/L) CRP/PA tion and elevated cortisol lev-
Cutoff value  280.534 70.939 91.712 1.35 els [14]. As a result, cortisol
AUC 0.836 0.824 0.778 0.835 level in blood, to a certain ex-
95% Cl 0.742,0.929 0.697,0.950 0.659,0.897 0.722,0.947 tent, reflects the disease se-
Sensitivity 0.8 0.981 0.65 0.65 verity in critically ill patients. A
Specificity 0.792 0.7 0.811 0.943 previous study showed that
P <0.001 <0.001 <0.001 <0.001 patients in the sepsis group

Note: ROC: receiver operating characteristic; Cor: cortisol; CRP: C-reactive protein;

PA: prealbumin.

found that the occurrence and development
of sepsis may also be closely associated with
the neuroendocrine immunoregulatory network
[12]. Previous studies have shown that when
sepsis occurs, the body stimulates the HPA
axis, and then promotes secretion of large
quantities of adreno-cortico-tropic hormone
(ACTH) from the pituitary gland through the
neuroendocrine regulatory mechanisms [13].
However, ACTH has a regulatory effect with
short feedback by controlling its secretions.
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had higher cortisol levels th-
an those in the control group,
which suggests more severe
sepsis indicating higher corti-
sol levels in septic patients [15]. In this study,
as compared with the healthy elderly popula-
tion, the plasma cortisol levels elevated sig-
nificantly in patients with sepsis, and cortisol
level was positively correlated with the APAC-
HE Il scores. The finding is consistent with the
results of the above-mentioned studies, and it
might be attributed to the following causes
[16]. First, production of albumin and cortisol-
binding globulin reduced is in sepsis patients,
resulting in a remarkable elevation of cortisol
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levels. Second, a large number of inflammatory
cytokines which enhanced the generation of
cortisol were present in septic patients. Third,
cytokines released after inflammation-induced
tissue injury directly acted to the IL-6 receptor
on the renin gland, thereby promoting the syn-
thesis and secretion of cortisol. Analysis of the
ROC curves showed that AUC was 0.836 when
the cutoff value was 280.534 pg/L, which also
implies that AUC has high clinical value in eval-
uating the prognosis of patients with sepsis.

PA, also known as transthyretin, is primarily sy-
nthesized by the liver. PA is one of the clinical
indicators to assess the nutritional status of
the body and monitor the therapeutic effect of
nutritional support, so it is used for early diag-
nosis of malnutrition. PA is also a negative
acute phase protein and a non-specific host
defense substance. PA has been demonstrat-
ed to be closely associated with the pathologi-
cal and physiological status of the body. When
bacterial infection occurs in the human body,
the body will consume a variety of serum PA to
eliminate the harmful substances generated by
metabolism due to infection. Infection will
cause hypoxia in the tissues and organs, and
damage the hepatocytes, resulting in the liver’s
weaker ability to synthesize PA, as well as a
decline in the immune function of the body [17,
18]. CRP, an inflammatory acute-phase protein,
is characterized by early presence and rapid
elevation, and is sensitive to the inflammatory
and stress states of the body. When an infec-
tious disease occurs, CRP levels will elevate in
varying magnitudes. CRP, as a sensitivity mark-
er used to detect the inflammatory response of
the body, elevates significantly several hours
after an infection occurs. The changes in CRP
levels are not affected by the drugs for radia-
tion/chemotherapy and hormone agents. CRP
level increases significantly in critically ill pa-
tients, and it elevates with the severity of the
disease [19-21]. The results of this study indi-
cated that when compared with the healthy
elderly population, patients with sepsis had a
substantial decrease in serum PA levels, but
the CRP levels elevated substantially. CRP was
positively correlated with the severity of the
disease, but PA was negatively correlated with
the severity of the disease. We also explored
the correlation between the CRP/PA ratio and
sepsis, and found that the CRP/PA ratio was
positively correlated with the severity of sepsis
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in the patients. The possible causes are as fol-
lows: first, infection, hypoxia and ischemia stim-
ulated the generation of large quantities of
inflammatory cytokines and oxygen radicals in
the body, which induced injury and apoptosis of
hepatocytes; second, due to severe stress
state in septic patients, the proteins in the liver
predominantly synthesized acute phase protein
instead of structural protein in plasma; third,
hypermetabolism, insufficient nutrition intake,
and hepatic ischemia occurred in patients with
sepsis or other critical diseases, which sup-
pressed synthesis and secretion of the liver.
The ROC curves further suggested that PA, CRP
and the CRP/PA ratio had good clinical value
in evaluating the prognosis of patients with
sepsis.

In conclusion, the levels of Cor, CRP and PA,
and the CRP/PA ratio were closely correlated
with the severity of sepsis in the elderly pa-
tients, and had great clinical value in evaluat-
ing the prognosis of sepsis in such patients.
Nevertheless, there are still some limitations in
this study, such as being a single center study,
having a small sample size, and lack of dynamic
observation of the changes in various markers.
Hence, additional studies are needed for fur-
ther validation.
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