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Relationships between serum procalcitonin level, severity 
and different stresses of non-septic critically ill patients
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Abstract
Background: To explore the relationships between serum procalcitonin (PCT) level, severity and different stresses 
of non-septic critically ill patients. Materials and Methods: Patients were divided into traumatic stress, stroke-in-
duced stress and non-infectious inflammatory stress groups. According to 28-day prognosis, they were divided into 
survival and death groups. The factors affecting prognosis were studied by multivariate logistic regression analysis. 
Results: PCT level was significantly positively correlated with Acute Physiology and Chronic Health Evaluation II 
(APACHE II) and sequential organ failure assessment (SOFA)  scores (P=0.001). The PCT level and abnormality 
rate of the traumatic stress group significantly exceeded those of other groups (P<0.05). The APACHE II score, 
SOFA score and 28-day mortality rate of traumatic stress and stroke-induced stress groups significantly exceeded 
those of the non-infectious inflammatory stress group (P<0.05). The PCT level, APACHE II score and SOFA score 
of the death group significantly surpassed those of the survival group (P<0.05). With rising PCT level, APACHE 
II score, SOFA score and 28-day mortality rate all increased, with significant intergroup differences (P<0.01). 
Multivariate logistic analysis showed that serum PCT level, APACHE II score and SOFA score were independent 
risk factors for prognosis. The area under ROC curve for prognosis evaluated by PCT level was 0.797 (95%CI = 
0.710~0.878, P=0.000). At a 4.3 μg/L cut-off, the sensitivity and specificity for predicting 28-day mortality were 
87.4% and 78.1%, respectively. Conclusion: The serum PCT level of non-septic critically ill patient was positively 
correlated with severity, which was more likely elevated by traumatic stress than other stresses.
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Introduction

As a peptide precursor of calcitonin, procalci-
tonin (PCT) is mainly produced by thyroid C 
cells, consisting of 116 amino acid residues. It 
is a glycoprotein without hormone activity. In-
creased serum PCT levels of patients with lung 

cancer suggest that endocrine cells of the pul-
monary nerve also secrete PCT (1). Besides, 
the serum PCT level is significantly elevated in 
septic patients receiving thyroidectomy, but that 
of calcitonin hardly changes (2). Therefore, not 
only thyroid C cells synthesize and secrete PCT.
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Many types of cells in various tissues of hu-
man body can induce the release of PCT under 
inflammatory stimuli (3). It is well-known that 
the PCT level increases upon sepsis, especially 
in the case of bacterial infections, being posi-
tively correlated with bacterial load and severi-
ty of infection (4,5). Moreover, the PCT level is 
positively correlated with the Acute Physiology 
and Chronic Health Evaluation II (APACHE II) 
score of patients with sepsis, reflecting disease 
severity and prognosis (6,7). Thus, PCT is com-
monly used as a specific biomarker for diagnos-
ing bacterial infections. Many non-infectious 
factors, such as severe trauma, major surgery, 
cardiogenic shock and some autoimmune diseas-
es, can also produce inflammatory mediators and 
cytotoxins in human body, thereby raising the 
serum PCT level (8). However, the relationships 
between serum PCT level, severity and progno-
sis of non-infectious diseases have seldom been 
reported hitherto. Meanwhile, non-infectious 
critically ill patients may suffer from traumatic 
stress, stroke-induced stress or systemic inflam-
matory response syndrome which can increase 
the serum PCT level by inducing the release of 
inflammatory factors (8). Nevertheless, the re-
lationships between different stresses and PCT 
level remain unknown. The aim of this study was 
to explore the possible relationships between the 
PCT level, disease severity and different stresses 
of non-septic critically ill patients, as well as the 
predictive value for prognosis.

Materials and Methods

Subjects
This study has been approved by the ethics com-
mittee of our hospital (approval No. 20150731-
042). A total of 188 non-septic critically ill 
patients admitted to our hospital from August 
2015 to December 2017 were retrospectively an-
alyzed. Inclusion criteria: Critically ill patients 
without sepsis; aged >18 years old; with written 

informed consent. Exclusion criteria: Patients 
with ICU stay length of <3 d; in accordance with 
the diagnostic criteria of sepsis in the 2012 Inter-
national Guidelines for the Treatment of Severe 
Sepsis and Septic Shock (9) within 24 h after 
ICU admission; with suspected clinical infec-
tions within 3 d after ICU admission.
From each included patient, 5 mL of venous 
blood was collected and centrifuged within 30 
min to obtain the serum that was then stored in 
a 4°C refrigerator prior to use. PCT level was 
measured within 24 h by electrochemilumines-
cence assay using a kit purchased from Roche 
Diagnostics (Shanghai, China). The 188 patients 
comprised 80 males and 108 females who were 
aged 22-80 years old, (55.4 ± 8.3) on average. 
The serum PCT level was 4.53 (1.20, 9.10) μg/L, 
the APACHE II score was (12.3 ± 7.2) points, 
and the SOFA score was 5.0 (3.0, 8.0) points. 
After 28 days, 156 cases survived and 32 died.

Grouping
The enrolled patients were divided into a trau-
matic stress group (n=56), a stroke-induced 
stress group (n=60) and a non-infectious inflam-
matory stress group (n=72) according to prima-
ry diseases. The traumatic stress group included 
30 cases of multiple traumas and 26 cases after 
cardiopulmonary resuscitation. The stroke-in-
duced stress group included 40 cases of hemor-
rhagic stroke and 20 cases of ischemic stroke. 
The non-infectious inflammatory stress group 
included 20 cases of severe acute pancreatitis, 
20 cases of myasthenia gravis and 32 cases of 
autoimmune diseases (Table 1).
In the meantime, the enrolled patients were di-
vided into a normal group (PCT <0.5 μg/L), a 
low-level group (0.5 μg/L ≤ PCT <2 μg/L), a 
middle-level group (2 μg/L ≤ PCT <5 μg/L) and 
a high-level group (PCT ≥5 μg/L) according to 
serum PCT level. 
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Data collection and evaluation
The gender, age, blood cell count, liver and 
kidney functions, coagulation function, arteri-
al blood gas analysis, requirement of surgery, 
mechanical ventilation index, vasoactive drug 
dose and 28-day mortality rate of patients were 
recorded. The APACHE II score and sequential 
organ failure assessment (SOFA) score were cal-
culated according to clinical and laboratory in-
dices within 24 h after admission into ICU. The 
PCT levels of patients with different stresses 
were compared. The prognosis of patients with 
different PCT levels was observed. The receiver 
operating characteristic (ROC) curve was plot-
ted to evaluate the predictive value of PCT level 
for 28-day prognosis.

Statistical analysis
All data were statistically analyzed by SPSS 
19.0 software. The normally distributed cate-
gorical data were expressed as mean ± standard 
deviation (x ± s). Intergroup comparisons were 
performed by the t test, and multigroup compar-
isons were conducted with one-way analysis of 
variance. The non-normally distributed categor-
ical data were represented as median (quartile, 
M (QL, QU)). Intergroup comparisons were 
carried out with the Kruskal-Wallis U test, and 
multigroup comparisons were performed by us-

ing the Kruskal-Wallis H test. Variables were 
subjected to Pearson’s or Spearman’s correla-
tion analysis. The factors affecting prognosis 
were studied by multivariate logistic regression 
analysis. The area under ROC curve using PCT 
level was calculated. P<0.05 was considered 
statistically significant.

Results

Correlations between serum PCT level and 
APACHE II and SOFA scores
Serum PCT level was significantly positively 
correlated with APACHE II and SOFA scores (r1 
= 0.679, r2 = 0.787, both P = 0.000).

PCT level, disease severity and 28-day mortali-
ty rate of patients under different stresses
The traumatic stress, stroke-induced stress and 
non-infectious inflammatory stress groups had 
similar gender ratio, age and body mass index 
(BMI) (P>0.05). The serum PCT level and ab-
normality rate of the traumatic stress group were 
significantly higher than those of stroke-induced 
stress and non-infectious inflammatory stress 
groups (P<0.05). The APACHE II score, SOFA 
score and 28-day mortality rate of traumatic 
stress and stroke-induced stress groups signifi-
cantly exceeded those of the non-infectious in-
flammatory stress group (P<0.05) (Table 2).

PCT level and disease severity of patients with 
different prognoses
The death and survival groups had similar gen-
der ratio, age and BMI (P>0.05). The serum PCT 
level, APACHE II score and SOFA score of the 
death group significantly surpassed those of the 
survival group (P<0.05) (Table 3).

Disease severity and 28-day mortality rate of 
patients with different PCT levels
There were significantly more males in the mid-
dle-level group than in the normal, low-level 

Table 1. Grouping and case descriptions 

Group Case 
number

Traumatic stress 56
Multiple traumas 30
After cardiopulmonary resuscitation 26
Stroke-induced stress 60
Hemorrhagic stroke 40
Ischemic stroke 20
Non-infectious inflammatory stress 72
Severe acute pancreatitis 20
Myasthenia gravis 20
Autoimmune diseases 32
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and high-level groups (P<0.05). However, the 
levels did not significantly differ depending 
on age or BMI (P>0.05). With increasing PCT 
level, APACHE II score, SOFA score and 28-
day mortality rate all increased, with signifi-
cant differences among groups (P<0.01). The 
middle-level group had significantly higher 
APACHE II score, SOFA score and 28-day mor-
tality rate than those of normal and low-level 
groups, and the values of the high-level group 
significantly exceeded those of the other three 
groups (P<0.05) (Table 4).

Multivariate logistic regression analysis of 
factors affecting prognosis
Multivariate logistic regression analysis was 
conducted by using serum PCT level, APACHE 
II score and SOFA score as the independent vari-
ables and 28-day prognosis as the dependent 
variable. Table 5 shows that serum PCT level, 
APACHE II score and SOFA score are indepen-
dent risk factors for the prognosis of non-septic 
critically ill patients (Table 5).

Prognostic value of serum PCT level
The area under ROC curve for prognosis 
evaluated by PCT level was 0.797 (95%CI = 
0.710~0.878, P = 0.000). When the cut-off value 
was 4.3 μg/L, the sensitivity and specificity for 
predicting 28-day mortality rate were 87.4% and 
78.1%, respectively (Figure 1).

Discussion

PCT secretion is largely stimulated by inflam-
matory mediators and bacterial toxins (10). Cur-
rently, the relationships between PCT and sepsis 

have been extensively studied. The APACHE 
II score is commonly used to assess the sever-
ity of critically ill patients in ICU. It is also an 
effective predictor for mortality (11). SOFA is 
also one of the commonly used scoring systems 
in ICU for organ failure assessment. This study 
explored the relationships between PCT levels 
and APACHE II and SOFA scores of non-septic 
critically ill patients. The serum PCT level was 
positively correlated with APACHE II and SOFA 
scores. Since APACHE II and SOFA scores can 
predict the severity of critically ill patients and 
reflect their prognosis, the serum PCT level in-
directly indicates the disease severity. Similarly, 
the serum PCT level has been positively correlat-
ed with the severity of acute pancreatitis (12,13).
Injecting PCT into septic animals evidently in-
creased the mortality rate, whereas use of PCT 
antiserum raised the survival rate, suggesting 
that elevation of PCT level was linked to in-
crease of mortality rate (14). In addition, PCT 

Table 5. Multivariate logistic regression analysis of factors affecting prognosis

Factor Regression 
coefficient

Standard 
error Wald value P value OR 95%CI

Serum PCT level 2.045 0.912 5.004 0.021 3.226 2.445~6.892
APACHE II score 3.145 0.827 7.654 0.020 1.325 1.064~1.435
SOFA score 2.184 0.454 4.417 0.011 1.378 1.083~2.472

Fig. 1. ROC curve for prognostic value of serum 
PCT level
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was an effective index for the early diagnosis of 
sepsis, and dynamic monitoring of its level can 
predict the severity and prognosis of this disease, 
so PCT level was an independent risk factor for 
predicting the 28-day survival (15). We herein 
found that in non-septic critically ill patients, the 
28-day mortality rate of the high-level group was 
significantly higher than those of other groups. 
Multivariate logistic analysis showed that serum 
PCT level, APACHE II score and SOFA score 
were independent risk factors for the prognosis 
of non-septic critically ill patients. ROC analysis 
revealed that when PCT >4.2 μg/L, the sensitiv-
ity of predicting 28-day mortality was augment-
ed. Therefore, PCT level may be an independent 
predictor for the death risk of critically ill pa-
tients.
Up to now, the relationships between PCT lev-
els and different stresses are still elusive. In this 
study, patients were grouped according to the 
type of stress to explore the possible relationship 
between PCT level and stress type. The serum 
PCT level and abnormality rate of the traumatic 
stress group were significantly higher than those 
of stroke-induced stress and non-infectious in-
flammatory stress groups (P<0.05). Additionally, 
the APACHE II score, SOFA score and 28-day 
mortality rate of traumatic stress and stroke-in-
duced stress groups significantly exceeded those 
of the non-infectious inflammatory stress group 
(P<0.05). Trauma can trigger systemic inflam-
matory response. Damaged cells and tissues as 
well as stressed cells release large amounts of 
inflammatory factors to cause immune responses 
(16). Thus, PCT production can be stimulated by 
traumatic stress.
In this study, the severity of the non-infectious 
inflammatory stress group was lower than that 
of the stroke-induced stress group, but the two 
groups had similar PCT levels, so we postulated 
that non-infectious inflammatory stress elevated 

the level more easily. Zhao et al. reported that 
PCT level increased in non-infectious SIRS pa-
tients, as a predictive factor for prognosis (17). 
Tuzun et al. also found that PCT level signifi-
cantly increased in the acute phase of ulcerative 
colitis, being associated with the control of dis-
ease progression (18). Herein, the non-infectious 
inflammatory stress group included cases with 
severe acute pancreatitis, myasthenia gravis and 
autoimmune diseases. Upon acute pancreatitis, 
acinar cell damage can lead to inflammatory cell 
aggregation and promote the production and re-
lease of cytokines and other inflammatory me-
diators, and the disease severity may be deter-
mined by this process (19). Therefore, PCT level 
elevation in the early stage of acute pancreatitis 
can be attributed to the release of considerable 
inflammatory factors, but further increase with 
disease progression is linked to secondary infec-
tion caused by pancreatic necrosis and abscess 
(20,21). Although PCT level is commonly used 
to diagnose the secondary infection of autoim-
mune diseases, slight increase has also been ob-
served in the critical phase without infection.22 
Furthermore, different stress groups had similar 
gender ratio, age and BMI (P>0.05). Neverthe-
less, there were gender differences among dif-
ferent PCT level groups, probably being linked 
to the small sample size. In-depth studies with 
larger sample sizes on ongoing in our group.
In summary, the serum PCT levels of non-sep-
tic critically ill patients were positively correlat-
ed with disease severity, showing predictive 
value for prognosis. PCT level was more likely 
elevated by traumatic stress than stroke-induced 
stress and non-infectious inflammatory stress. In 
future studies, we will dynamically monitor the 
effects of PCT level changes on disease severity 
and prognosis within 24 h after ICU admission, 
and clarify the mechanism for the differences be-
tween PCT levels under various stresses.
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