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Abstract. Sepsis is a dangerous disease that develops rapidly 
and has a high mortality rate. A timely and accurate assess‑
ment of the patient's condition is beneficial in improving 
prognosis and reducing mortality. Therefore, the present study 
was designed to investigate the potential association between 
quick sequential organ failure assessment (qSOFA) scores 
and biochemical indicators, such as conjugated bilirubin (CB) 
and creatinine levels, with the 28‑day prognosis of patients 

with sepsis in a retrospective observational study. All cases 
were divided into survival and non‑survival groups on the 
28th day after diagnosis. The qSOFA scores, and CB and 
creatinine levels were significantly higher in the non‑survival 
group than in the survival group (both P<0.01). Cox regres‑
sion models identified CB [hazard ratio (HR), 1.006; P=0.002] 
and creatinine levels (HR, 1.002; P=0.024) as independent 
factors affecting 28‑day mortality. The area under the curve 
(AUC) for CB and creatinine levels plus qSOFA score was 
0.792 (95% confidence interval, 0.745‑0.834), which was 
larger than the values for CB level, creatinine level and 
qSOFA score alone (all P<0.01) in the prognosis of 28‑day 
mortality. The cut‑off value of CB and creatinine levels plus 
qSOFA score for the 28‑day mortality was 0.275 (‑2.466 + 
0.012 x CB + 0.002 x creatinine + 1.289 x qSOFA). Patients 
with lower combined predictor values had a better prognosis as 
demonstrated by Kaplan‑Meier survival curves (log‑rank test, 
10.060; P=0.002). In both the septic shock and sepsis groups, 
the combined predictor value was higher in the non‑survival 
group than in the survival group (P<0.001). Therefore, an 
increase in the combined predictor value of CB and creatinine 
levels plus qSOFA score may be an important predictor of 
disease progression and prognosis in patients with sepsis and 
septic shock.

Introduction

Sepsis is a condition of life‑threatening organ dysfunction 
caused by a dysregulated host response to infection (1). As 
sepsis progresses, the systemic inflammatory response can lead 
to multiple organ failures, including that of the lung, kidney 
and liver. According to research data published in The Lancet 
in 2020 (2), it is estimated that there were 48.9 million global 
cases of sepsis in 2017, resulting in ~11 million deaths and 
accounting for 19.7% of all global deaths. Due to its complex 
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pathogenesis, high morbidity and high fatality rate, sepsis 
has caused a notable burden on human health and medical 
resources, and has therefore become a major clinical research 
area in the field of critical care medicine.

In recent years, a large number of studies have explored 
the significance of biochemical indicators in the diagnosis, 
staging, prognosis and clinical monitoring of patients with 
sepsis  (3‑5). Early diagnosis of sepsis allows clinicians to 
initiate effective interventions at an early stage, such as the use 
of antibiotics and supportive care, through the implementation 
of goal‑directed treatment to reduce the risk of mortality and 
improve the prognosis of patients with sepsis. C‑reactive protein 
(CRP) and procalcitonin (PCT) are proteins produced during 
infection and inflammatory response, and are currently the 
most widely used biomarkers in sepsis diagnosis and disease 
monitoring (6,7). CRP is an acute‑phase protein, the level of 
which increases with the inflammatory response; however, 
it has limited accuracy in reflecting disease progression (6). 
PCT is a sensitive marker of the early stages of infection (8), 
but it does not reflect the disease progression in later stages, 
and therefore its prognostic value is not high. It can be argued 
that there is a lack of useful indicators for the rapid diagnosis 
and prognosis of sepsis, and there is an urgent need to develop 
more prognostic markers.

The third international consensus on sepsis in 2016 (9) 
emphasized the use of the sequential organ failure assessment 
(SOFA) score for functional assessment and risk stratifica‑
tion of organs, and proposed the ‘infection + quick SOFA 
score (qSOFA) ≥2’ for the rapid diagnosis of patients with 
suspected sepsis. The qSOFA score contains three indicators: 
Hypotension [systolic blood pressure (BP) ≤100  mmHg], 
shortness of breath (respiratory rate ≥22 breaths/min) and 
altered mental status (Glasgow Coma Scale score ≤13). Each 
index is assigned 1 point, and the risk of sepsis is significantly 
increased in patients with qSOFA ≥2 points (10). This criterion 
will help clinicians identify patients with sepsis as well as 
infected patients at risk of developing sepsis.

Furthermore, patients with elevated conjugated bilirubin 
(CB) levels have presented with higher illness severity scores, 
and higher incidences of sepsis, shock and organ failure (11). In 
addition, sepsis is often accompanied by acute kidney injury, 
of which serum creatinine level is a reliable indicator. As an 
independent risk factor, it has significance for the diagnosis 
of acute kidney injury secondary to sepsis (12,13). Thus, the 
qSOFA score, along with CB and creatinine levels, may play 
a role as indicators in the progression of sepsis. However, the 
significance of these factors in the prediction of sepsis remains 
unknown. Hence, the aim of the present study was to evaluate 
qSOFA scores, and serum CB and creatinine levels during 
sepsis and septic shock to identify whether they are associated 
with disease prognosis (28‑day mortality).

Patients and methods

Patients. A retrospective, observational study was conducted 
at The Second Affiliated Hospital, Zhejiang University School 
of Medicine (Hangzhou, China). A total of 360 nonsurgical 
and non‑trauma adult patients with sepsis or septic shock, who 
were admitted to the Department of Emergency Intensive Care 
consecutively between January 2015 and December 2019, were 

included in the present study. The inclusion criteria included 
a diagnosis for sepsis or septic shock according to the Third 
International Consensus Definitions (9). The exclusion criteria 
were as follows: i) Age of <18 or >90 years; ii) presence of 
conditions, such as surgical trauma and/or severe heart, liver, 
lung, kidney, blood system or metabolic diseases; iii) presence 
of tumors; iv) pregnancy; v) receipt of antibiotic treatment 
within 28 days before study enrollment; and vi) patients with 
rapid death outcomes (within 24 h after admission). The basic 
and test data of the enrolled patients within 24 h of the first 
visit to the emergency room were collected. All patients were 
followed up for 28 days after admission, and those who were 
discharged within 28 days were followed up by telephone. All 
eligible patients were divided into two groups: i) The survival 
group, which included patients who survived 28 days after 
the initial diagnosis; and ii)  the non‑survival group, which 
included patients who died within 28 days after diagnosis. The 
study was carried out in accordance with The Declaration of 
Helsinki for research involving humans. The present study 
received approval from the Ethics Committee of The Second 
Affiliated Hospital, Zhejiang University School of Medicine 
(approval no. 2021‑0641; Hangzhou, China), while the Ethics 
Committee waived the need for written informed consent of 
the patients because of the anonymous nature of the clinical 
data acquired retrospectively.

Clinical data collection and processing. Basic patient data, such 
as age, sex, height, weight, comorbidities, infection site, qSOFA 
score and preliminary diagnosis within 24 h after admission, 
were collected. The following evaluations were performed 
within 24 h after the patients first arrived at the emergency 
room: Routine blood examination, arterial blood gas analysis, 
biochemical examination, coagulation parameters, myocardial 
enzyme spectrum, PCT, CRP, and blood, urine or sputum 
pathogen detection. The routine blood tests were performed 
using an automatic blood analyzer (XN‑9000; Sysmex 
Corporation). Arterial blood gas analyses were conducted 
using an automated blood gas analyzer (ABL800; Radiometer 
Medical ApS). The levels of biochemical markers and CRP 
were determined using an automated dry chemistry analyzer 
(v5600; Johnson & Johnson). Coagulation parameters were 
measured with an automated blood coagulation analyzer (STA 
R Max systems; Stago). Myocardial enzyme and PCT levels 
were determined using an automated electrochemical enzyme 
immunoluminescence analyzer (E601; Roche Diagnostics).

Statistical analysis. All statistical analyses were performed 
using SPSS software (version 24.0; IBM Corp.), and P<0.05 
was considered to indicate a statistically significant differ‑
ence. Data with normal distribution are presented as the 
mean ± standard deviation, and those not conforming to normal 
distribution are presented as median (25‑75%). All numerical 
variables were compared using the Mann‑Whitney U test. χ2 or 
Fisher's exact probability test was used to compare categorical 
variables. Bonferroni's correction was used to compare differ‑
ences among three or more groups. Cox regression analysis 
was used to analyze potential prognostic risk factors. Risk 
factors were incorporated into the multivariate model based on 
univariate analyses. Receiver operating characteristic (ROC) 
curves for mortality risk factors were plotted. The area under 
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the curve (AUC) was calculated using MedCalc software 
(version 18.2.1; MedCalc software bvba).

A multivariable Cox proportional hazard regression 
analysis was performed to evaluate the independent associa‑
tion of qSOFA score, CB level or creatinine level with 28‑day 
mortality, and the results are expressed as hazard ratios (HRs) 
and 95% confidence intervals (CIs). The survival curves for 
the two groups according to the qSOFA score, CB level or 
creatinine level were plotted using the Kaplan‑Meier method, 
and the log‑rank test was applied. Age, sex, body mass index 
(BMI) and variables considered to be associated with infec‑
tion, such as whether the lung and urogenital organs were 
primary sites of infection, serum creatinine concentration and 
coagulation parameters, were included in the analysis.

Results

Patient characteristics. The current study investigated patients 
with sepsis admitted between January 2015 and December 2019. 
Patients with rapid death outcomes (within 24 h after admission) 
were excluded from the analysis, and 360 patients with sepsis 
were eventually included in the study. Among them, 216 (60.0%) 
and 144 (40.0%) cases were diagnosed with sepsis and septic 
shock, respectively. These patients included 212 men (58.9%) 
and 148 women (41.1%), aged between 18 and 89 years (median 
age, 64.5 years). The 28‑day mortality rate was 28.6% (103/360). 
The 28‑day mortality of the septic shock group was significantly 
higher than that of the sepsis group (34.7% vs. 24.5%; χ2=4.388; 
P=0.043). In comparison with survivors, non‑survivors were older 
(P<0.05), more frequently male (P<0.05) and had a lower BMI and 
BP (both P<0.01), as well as higher heart rate, respiratory rate and 
qSOFA scores (all P<0.01). The 28‑day mortality rates associated 
with pulmonary infection, urinary tract infection (UTI) and other 
infections were significantly different between the two groups (χ2 

=15.148; P=0.001). The 28‑day mortality rate of pulmonary infec‑
tion was the highest (39.6%; 53/134), followed by other infections 
(24.5%; 45/184), while the 28‑day mortality rate of UTIs was the 
lowest (11.9%; 5/42). The 28‑day mortality rate of pulmonary 
infection was significantly different from those of other infections 
and UTIs (Bonferroni correction, P<0.0167), while there was no 
significant difference in 28‑day mortality rates between UTIs 
and other infections (Bonferroni correction, P≥0.0167) (data not 
shown). Prothrombin time, international normalized ratio, acti‑
vated partial thromboplastin time, thrombin time and D‑dimer 
values in non‑survivors were higher than those in the survival 
group, and fibrinogen values in non‑survivors were significantly 
lower than those in the survival group (all P<0.05). The levels of 
red blood cell distribution width, pro B‑type natriuretic peptide, 
CB, aspartate aminotransferase, lactate dehydrogenase, cardiac 
troponin T, blood urea nitrogen and creatinine in the non‑survival 
group were significantly higher than those in the survival group, 
whereas red blood cell and platelet counts were significantly 
lower in the non‑survival group (all P<0.01). The white blood cell 
count and PCT level in the non‑survival group were higher than 
those in the survival group, but the difference was not significant. 
Table I presents the baseline clinical characteristics of the 360 
patients included in the current study.

Analysis of relevant variables using Cox regression. qSOFA 
scores  ≥2 and the CB and creatinine levels were closely 
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associated with 28‑day mortality. Cox regression models 
identified CB (HR, 1.006; P=0.002) and creatinine levels 
(HR, 1.002; P=0.024) as independent factors of 28‑day 
mortality (Table II).

Combined evaluation of CB and creatinine levels, and qSOFA 
scores in the prognosis of 28‑day mortality. A logistic regres‑
sion model was established based on the CB and creatinine 
levels and qSOFA values, and a ROC curve analysis was used 
to generate the combined diagnostic curve to evaluate the prog‑
nostic value of CB and creatinine levels plus qSOFA scores in 
28‑day mortality (Fig. 1). The larger the AUC, the better the 
prognostic performance. AUC <0.5 was considered to have no 
prognostic significance and AUC >0.9 was considered to have 
high prognostic accuracy (14). The AUC of CB level alone 
was 0.613 (95% CI, 0.558‑0.665). The AUC of creatinine level 
alone was 0.628 (95% CI, 0.575‑0.678), and that of the qSOFA 
score alone was 0.749 (95% CI, 0.701‑0.793). However, the 
AUC of CB and creatinine levels plus the qSOFA score was 
0.792 (95% CI, 0.745‑0.834), which was larger than the AUCs 
of the individual factors alone (all P<0.01) (Table III).

The cut‑off was defined as the value of the point on the 
curve when the Youden index (sensitivity + specificity‑1) was 
the greatest. A value greater than the cut‑off value may be 
considered to indicate the possibility of dying within 28 days.

The sensitivity and specificity of combined detection were 
74.75 and 74.36%, respectively. The specificity of combined 
detection was notably higher than that of the single tests, while 
the sensitivity of combined detection was almost the same as 
those of CB alone and qSOFA alone, and was higher than that 
of creatinine alone (Table III).

Kaplan‑Meier survival curve analysis. Using the cut‑off value 
determined by the ROC curve, Kaplan‑Meier survival curves 

of CB, creatinine, qSOFA and combined detection were estab‑
lished. The Kaplan‑Meier analysis indicated that patients with 
a qSOFA score of 0 had a better chance of 28‑day survival than 
those with qSOFA ≥1 (log‑rank, 4.069; P=0.044). In addition, 
patients with a combined predictor (‑2.466 + 0.012 x CB + 
0.002 x creatinine + 1.289 x qSOFA) value ≤0.275 had a better 
chance of 28‑day survival than those with a combined predictor 
value >0.275 (log‑rank, 10.060; P=0.002) (Table IV; Fig. 2).

Subgroup analysis. Of the 360 patients, 144 patients were 
diagnosed with septic shock. The combined predictor value of 
CB and creatinine levels, and qSOFA scores in the septic shock 
group was higher than that in the sepsis group (median, 0.2750 
vs. 0.1496; P<0.001). Among patients with septic shock, 

Figure 1. Receiver operating characteristic curves of CB and creatinine 
levels, and qSOFA scores for 28‑day mortality. CB, conjugated bilirubin; 
qSOFA, quick sequential organ failure assessment.

Table II. Cox regression analysis of the risk factors for 28‑day mortality.

A, Univariable Cox regression

Variables	 β	 HR	 95% CI	 P‑value

qSOFA (≥2)	 0.541	 1.718	 1.155‑2.555	 0.008
Septic shock	 0.320	 1.377	 0.932‑2.035	 0.108
Heart rate	 0.009	 1.009	 0.999‑1.019	 0.081
CB	 0.004	 1.004	 1.001‑1.008	 0.014
Creatinine	 0.001	 1.001	 1.000‑1.003	 0.041
APTT	 0.008	 1.008	 0.998‑1.018	 0.102
TT	 0.008	 1.008	 0.998‑1.018	 0.107

B, Multivariable Cox regression

Variables	 β	 HR	 95% CI	 P‑value

CB	 0.006	 1.006	 1.003‑1.011	 0.002
Creatinine	 0.002	 1.002	 1.000‑1.005	 0.024

HR, hazard ratio; CI, confidence interval; qSOFA, quick sequential organ failure assessment; CB, conjugated bilirubin; APTT, activated partial 
thromboplastin time; TT, thrombin time.
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survivors tended to have lower combined predictor values 
than non‑survivors (median, 0.2545 vs. 0.5780; P<0.001). 
For patients with sepsis, survivors had significantly lower 
combined predictor values than non‑survivors (median, 0.1103 
vs. 0.4500; P<0.001) as shown in Table V.

As presented in Table VI, Cox regression models were 
applied in subgroup analyses, which indicated that the combi‑
nation of CB and creatinine levels and qSOFA scores could 
serve as an independent risk factor of 28‑day mortality for 
patients with septic shock (HR, 4.240; 95% CI, 1.408‑12.767; 
P=0.010), as well as for those with sepsis (HR, 4.068; 95% CI, 
1.287‑12.858; P=0.017).

Discussion

Sepsis is a rapidly progressive condition and a major cause 
of death. Therefore, timely and accurate assessment of the 
patient's condition is beneficial in improving prognosis and 
reducing mortality (1,2). In the present study, serum CB and 
creatinine levels, and qSOFA scores at admission in patients 
with sepsis were higher in the non‑surviving group than in 
the surviving group. In multivariate analysis, serum CB and 
creatinine levels were indicated to be independent predictors 
of poor sepsis outcomes. When the combined predictor value 
of CB and creatinine levels and qSOFA scores reached 0.275, 
28‑day mortality increased.

Several studies (15‑17) have attempted to predict the 
prognosis of sepsis by indirectly estimating liver and renal 
function. Serum bilirubin concentration has been used as 
one of the indicators for the assessment of liver function 
in critically ill patients. For example, Pierrakos et al (15) 
reported that hyperbilirubinemia was an independent 
factor for patient morbidity and mortality in the Intensive 
Care Unit (ICU), and mortality was linearly associated 
with bilirubin concentrations between 1.1  and  6  mg/dl. 
Patel et al  (16) also found that elevated serum bilirubin 
levels within 72 h of admission were associated with an 
increased risk of death in patients with severe sepsis and 
septic shock. However, in addition to being an indicator of 
liver dysfunction, bilirubin itself may also influence patient 
outcomes. Bilirubin can impair the bactericidal properties 
of neutrophils (17) through its antioxidant action (18), and 
may be nephrotoxic (19) and neurotoxic (20). It also inhibits 
inducible nitric oxide synthase (21) and exerts an anti‑platelet 
aggregation effect by inhibiting collagen‑induced platelet 
activation  (22). However, certain reports have suggested 
that bilirubin may play a role in suppressing inflamma‑
tory responses (23) and that hyperbilirubinemia may be an 
adaptive response to critical illness (24). The present data 
emphasized that altered liver function has an important role 
in septic multi‑organ failure and that elevated serum CB 
levels are common in patients with sepsis and are associ‑
ated with 28‑day mortality. Multivariable analysis showed 
that the serum CB level was an independent risk factor for 
increased mortality. It was demonstrated that an increased 
bilirubin level was accompanied by increased inflammation 
(increased white blood cell count), and we hypothesize 
that high CB  levels may reduce blood flow velocity and 
induce microcirculation disturbances, while stimulating 
the production of inflammatory factors to promote liver 
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damage and cholestasis, thereby affecting the poor prog‑
nosis of sepsis. The specific mechanism remains to be 
further studied in the future.

Table IV. Kaplan‑Meier survival curve analysis.

Variables	 Cut‑off value	 Median, days	 95% CI	 Log‑rank	 P‑value

CB	 ≤0.5	 5	 1.399‑8.601	 1.890	 0.169
	 >0.5	 4	 1.677‑6.323		
Creatinine	 <117	 6	 3.212‑8.788	 1.724	 0.189
	 ≥117	 3	 0.471‑5.529		
qSOFA	 0	 9	 7.378‑10.622	 4.069	 0.044
	 ≥1	 3	 1.428‑4.572		
CB + Creatinine + qSOFA	 ≤0.275	 9	 6.456‑11.544	 10.060	 0.002
	 >0.275	 3	 2.216‑3.784		

CI, confidence intervals; CB, conjugated bilirubin, qSOFA, quick sequential organ failure assessment.

Figure 2. Survival curves of CB and creatinine levels and qSOFA scores. CB, conjugated bilirubin; qSOFA, quick sequential organ failure assessment.

Table VI. Cox regression models in subgroup analyses.

Variables	 β	 HR	 95% CI	 P‑value

Septic shock	 1.444	 4.240	 1.408‑12.767	 0.010
Sepsis	 1.403	 4.068	 1.287‑12.858	 0.017
All	 1.479	 4.388	 2.007‑9.591	 <0.001

HR, hazard ratio; CI, confidence interval.

Table V. Combined predictor values in subgroup analyses.

	 Combined predictor	
Variables	 values (median)	 P‑value

Sepsis	 0.1496	 <0.001a

  Survivors 	 0.1103	 <0.001b

  Non‑survivors	 0.4500	
Septic shock	 0.2750	
  Survivors	 0.2545	 <0.001b

  Non‑survivors	 0.5780	

aCompared with septic shock group; bcompared with non‑survivors 
of the same group.
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One of the most commonly affected organs in sepsis 
is the kidney, and sepsis‑induced acute kidney injury is the 
most common form of acute kidney injury in the ICU (25). 
Sepsis‑induced acute kidney injury is associated with an 
increased risk of subsequent chronic kidney disease  (26), 
as well as being associated with increased morbidity and 
mortality rates in sepsis (27). During sepsis, endothelial cell 
activation, increased microvascular permeability, changes in 
regional blood flow distribution, and the resulting hypoper‑
fusion and hypoxemia can lead to acute kidney injury (28). 
Elevated serum creatinine is one of the indicators of acute 
renal impairment (29) and is directly related to the prognosis 
of sepsis. The current study findings suggested that altered 
renal function may also play an important role in the progres‑
sion of multi‑organ failure in sepsis. It was also indicated that 
increased serum creatinine levels are common in patients with 
sepsis, are associated with 28‑day mortality, and moreover are 
an independent risk factor for increased mortality.

In the present study, CB and creatinine levels, and qSOFA 
scores increased with sepsis progression and were higher in 
non‑survivors compared with survivors of sepsis. All three 
indicators were better predictors in combination than they 
would have been individually. Therefore, these three indicators 
may be useful as commonly used laboratory and clinical tests 
to assess 28‑day mortality and the prognosis of sepsis, with the 
combined prediction showing greater prognostic ability.

The current study had several limitations. Firstly, studying 
the qSOFA score, CB and creatinine levels alone does not 
meet the needs and expectations of all patients with sepsis 
for diagnosis and treatment management. Studying kinetic 
changes in CB and creatinine levels may be more clinically 
meaningful than studying unadjusted CB and creatinine 
levels, suggesting that further research is required. Secondly, 
since the current study is a single‑center retrospective study, 
whether the findings can be applied to clinical practice requires 
further investigation by large‑sample, multi‑center prospective 
studies.

In conclusion, the prognostic value of combined CB and 
creatinine levels plus qSOFA score was greater than the 
predictive value of CB levels, creatinine levels and qSOFA 
score alone in the prognosis of 28‑day mortality in patients 
with sepsis. Therefore, the combined predictor based on CB 
and creatinine levels plus qSOFA scores could be used as a 
prognostic factor in sepsis or septic shock, which could help 
to rapidly detect critically ill patients and guide clinical 
treatment.
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