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Abstract: Objective To analyze the prognostic predictive value of combined serum interleukin-6 (IL-6), high-sensitivity C-

reactive protein (hs-CRP), and amyloid A (SAA) tests in elderly patients with sepsis combined with acute lung injury (ALI). 

Methods From May 2021 to May 2023, 50 elderly patients with sepsis (control group), 50 elderly patients with sepsis complicated 

with ALI (observation group), and 50 elderly healthy subjects (healthy group) admitted in the Affiliated Elderly Hospital of 

Chengdu Medical College were selected. Patients in observation group were divided into low-risk group (27 cases, 201-300 

mmHg), medium-risk group (15 cases, 101-200 mmHg) and high-risk group (8 cases, ≤100 mmHg) according to oxygenation 

index (OI), and were divided into survival group (42 cases) and death group (8 cases) according to clinical outcomes. Serum 

levels of IL-6, hs-CRP, SAA and APACHEⅡ scores were compared between each group. Receiver operating curve (ROC) was 

used to analyze the predictive efficacy of serum IL-6, hs-CRP and SAA on death. Results The levels of serum IL-6, hs-CRP, SAA 

and APACHEⅡ score in observation group were higher than those in control group and healthy group (P＜0.05). The levels of 

IL-6, hs-CRP, SAA and APACHEⅡ score in high-risk group were higher than those in medium-risk group and low-risk group 

(P＜0.05). The levels of IL-6, hs-CRP, SAA and APACHEⅡ score in the death group were higher than those in the survival group 

(P＜0.05). The AUC of the combined detection of serum IL-6, hs-CRP and SAA to predict the death of sepsis complicated with 

ALI was the highest [0.859, 95%CI (0.812-0.952)], the sensitivity was 94.96% and specificity was 90.38%. Conclusion High levels of 

serum IL-6, hs-CRP, and SAA in elderly sepsis with ALI are closely associated with the severity and prognosis of ALI, and the 

combined assay can improve the efficacy of predicting the clinical outcome of patients. 
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Sepsis is an important cause of multiple organ 

dysfunction and septic shock. It is characterized by high 

incidence, high mortality, and poor prognosis [1]. Acute 

lung injury (ALI) is a common complication in patients 

with sepsis. Conventional oxygen therapy is often 

insufficient, and if not treated effectively and promptly, it 

can progress to acute respiratory distress syndrome 

(ARDS), which poses a significant threat to the patient’s 

life [2-3]. Elderly sepsis patients are at higher risk for 

developing ALI due to factors such as advanced age, 

impaired immune function, and multiple comorbidities. 

The occurrence of ALI exacerbates the primary illness and 

increases mortality [4]. Therefore, early and accurate 

diagnosis of the condition and clinical outcomes in elderly 

sepsis patients with ALI is crucial for guiding targeted 

clinical treatments. Although inflammatory factors such as 

interleukin (IL)-6 and high-sensitivity C-reactive protein 

(hs-CRP) have been clinically proven to be valuable for 

diagnosing infectious diseases, their diagnostic specificity 

remains suboptimal [5-6]. Serum amyloid A (SAA) is a 

cytokine secreted by liver cells, and rapidly increase within 

24 hours in response to inflammation or infection, with 

serum expression levels positively correlated with the 

degree of infection [7]. Based on this, This article aimed to 

explore the relationship between serum IL-6, hs-CRP, 

SAA, and the severity of ALI in elderly sepsis patients, as 

well as their value in prognostic assessment. 

 

1 Materials and methods 
 

1.1 General information 
 

A total of 50 elderly sepsis patients treated at the 

Affiliated Elderly Hospital of Chengdu Medical College 

from May 2021 to May 2023 were selected as the control 

group. Another 50 elderly sepsis patients with ALI were 

selected as the observation group, and 50 elderly 

individuals who underwent health checkups during the 

same period were selected as the healthy group. There 

were no significant differences in the general data among 

the three groups (P > 0.05), as shown in Table 1. This study 

was approved by the hospital’s ethics committee (approval 

number: 20210419). 

 

1.2 Diagnostic criteria 
 

Both the observation and control groups met the 

diagnostic criteria for sepsis outlined in the " Expert 

consensus on diagnosis and treatment of sepsis with 

integrated Chinese and Western medicine" [8]. The 

observation group also met the diagnostic criteria for ALI 

as described in the "Expert consensus on diagnosis and 

treatment of septic lung injury with integrated traditional 

Chinese and western medicine " [9].
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Tab. 1 Comparison of general information among 3 groups （n=50,𝑥̅±s） 

Group Male/female

（case） 

Age（year） BMI

（kg/m2） 

Sepsis triggersa

（case） 

Duration of ICU 

stay（d） 

Duration of mechanical 

ventilation（d） 

Observation group 28/22 70.82±5.37 23.14±1.29 4/10/11/12/13 16.89±3.01 8.14±1.68 

Control group 29/21 71.24±5.12 23.18±1.24 6/9/8/13/14 16.82±3.04 8.16±1.57 

Healthy group 26/24 70.24±5.01 23.28±0.97 — — — 

F/χ2/t value 0.378 0.472 0.188 1.003 0.116 0.062 

P value 0.828 0.625 0.829 0.909 0.908 0.951 

Note: 
a
Sepsis triggers were hematogenous infection / intracranial infection / urinary tract infection / abdominal infection / pulmonary infection 

.

1.3 Inclusion and exclusion criteria 
 

Inclusion criteria: (1) Age ≥ 60 years, no gender 

limitation; (2) Mechanical ventilation duration ≥ 48 h; 

(3) Complete and comprehensive clinical treatment; (4) 

First occurrence of sepsis and ALI; (5) ICU stay ≥ 2 d. 

Exclusion Criteria: (1) Patients with malignant 

tumors; (2) Patients with genetic diseases or congenital 

diseases; (3) Recent use of immunosuppressants or those 

with immune deficiency diseases within the last 3 months; 

(4) Participation in other studies or withdrawal due to 

changes in condition during the study; (5) ALI caused by 

inhalation of toxic gases, drowning, or lung surgery; (6) 

Pregnant, breastfeeding, or preparing for pregnancy 

women; (7) Comorbidity of pulmonary fibrosis, asthma, or 

other lung diseases; (8) History of lung surgery; (9) 

Comorbidity of other systemic infectious diseases; (10) 

Extreme hemodynamic instability; (11) Blood transfusion 

or organ transplantation within the last 6 months; (12) 

History of drug dependency, drug abuse, or alcohol 

addiction. 

 

1.4 Research methods 

 
5 mL of fasting venous blood was drawn from the 

subjects. The blood was centrifuged for 10 minutes at 4000 

r/mim with a centrifuge radius of 10 cm (model: TD6M; 

manufacturer: Hunan Hukang Centrifuge Co., Ltd.), and 

the upper serum was separated and stored at -20 ° C. 

Enzyme-linked immunosorbent assay (ELISA) was used 

to measure IL-6 and hs-CRP, while turbidimetric method 

was used to measure SAA. All reagents were provided by 

Zeye Biotechnology Co., Ltd. All operations were 

performed following laboratory and reagent standards.    

Acute Physiology and Chronic Health Evaluation 

(APACHE II) score was evalueated. This score includes 

chronic health status, age, and acute physiology score 

(APS). The total score is 71, with higher scores indicating 

more severe illness [10]. 

Based on their oxygenation index (OI), sepsis patients 

with ALI were classified into low-risk group (27 cases, OI: 

201-300 mmHg), medium-risk group (15 cases, OI: 101-

200 mmHg), and high-risk group (8 cases, OI ≤  100 

mmHg). Based on clinical outcomes, elderly sepsis 

patients with ALI were divided into survival group (42 

cases) and death group (8 cases). Serum levels of IL-6, hs-

CRP, SAA, and APACHE II scores were compared across 

these groups. 

 

1.5 Statistical methods 
 

Data were analyzed using SPSS 26.0 software. 

Normally distributed continuous data were expressed as 

mean ± standard deviation (𝑥̅ ±s), and comparisons were 

made using independent-sample t-tests or one-way 

analysis of variance (ANOVA). Categorical data were 

presented as case(%) and analyzed using the chi-squared 

test or Fisher’s exact test. Ordered categorical data were 

analyzed using Ridit analysis. Pearson correlation analysis 

was used to examine the relationship between serum IL-6, 

hs-CRP, SAA, and APACHE II scores. Receiver operating 

characteristic (ROC) curves were plotted to calculate the 

area under the curve (AUC) and assess the predictive value 

of serum IL-6, hs-CRP, and SAA for patient mortality. A P 

value < 0.05 was considered statistically significant. 

 

2 Results 

 

2.1 Comparison of serum IL-6, hs-CRP, SAA levels, 

and APACHE II scores among the three groups 

 
Serum levels of IL-6, hs-CRP, and SAA, as well as 

APACHE II scores, were higher in the observation group 

than in the control and healthy groups (P<0.05). The 

control group showed higher levels of these indicators 

compared to healthy group (P< 0.05), as shown in Table 2. 

 
Tab. 2 Comparison of serum IL-6, hs-CRP, SAA levels and 

APACHEⅡscores among 3 groups （n=50,𝑥̅±s） 

Group IL-6（ng/L） hs-CRP 

（mg/L） 

SAA（mg/L） APACHEⅡ 

score 

Observation group 13.62±4.88 21.62±6.86 204.62±34.62 51.46±19.52 

Control group 8.41±2.72a 14.26±3.17a 161.88±21.78a 34.88±12.76a 

Healthy group 1.84±0.34ab 1.05±0.34ab 103.52±16.28ab 7.16±1.54ab 

F value 166.843 284.757 199.358 137.572 

P value ＜0.001 ＜0.001 ＜0.001 ＜0.001 

Note: compared with the observation group, aP<0.05; Compared with the 

control group, bP < 0.05. 
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2.2 Comparison of serum IL-6, hs-CRP, SAA levels, 

and APACHE II scores among different severity 

groups 
 

The high-risk group had significantly higher serum 

levels of IL-6, hs-CRP, SAA, and APACHE II scores than 

the medium-risk and low-risk groups (P < 0.05), and the 

medium-risk group had higher levels than the low-risk 

group (P < 0.05), as shown in Table 3. 
 

Tab. 3 Comparison of serum IL-6, hs-CRP, SAA levels, and 

APACHE II scores among different severity groups （𝑥̅±s） 

Group IL-6（ng/L） hs-CRP（mg/L） SAA（mg/L） APACHEⅡscore 

High-risk 19.15±2.52 30.85±3.44 281.64±51.66 63.55±4.82 

Medium-risk 13.76±1.82a 22.81±2.46a 208.05±41.63a 54.55±3.04a 

Low -risk 11.90±1.11ab 18.22±1.64ab 179.89±30.04ab 46.16±1.92ab 

F value 62.129 100.428 22.700 125.481 

P value ＜0.001 ＜0.001 ＜0.001 ＜0.001 

Note: compared with the high-risk group, aP<0.05; Compared with the 

medium-risk group, bP < 0.05. 

 

 

2.3 Comparison of serum IL-6, hs-CRP, SAA levels, 

and APACHE II scores between clinical outcome 

groups 

 
The death group had significantly higher serum IL-6, 

hs-CRP, SAA levels, and APACHE II scores compared to 

the survival group (P < 0.05), as shown in Table 4. 
 

Tab. 4 Comparison of serum IL-6, hs-CRP, SAA levels, and 

APACHE II scores between different clinical outcome groups 

（𝑥̅±s） 

Group IL-6（ng/L） hs-CRP（mg/L） SAA（mg/L） APACHEⅡscore 

Death group 21.92±4.66 32.75±5.05 310.45±61.88 67.82±3.04 

Survival group 12.04±2.82 19.50±4.31 184.46±50.34 48.34±6.82 

t value 8.116 7.761 6.259 7.879 

P value ＜0.001 ＜0.001 ＜0.001 ＜0.001 

Note: compared with the high-risk group, aP<0.05; Compared with the 

medium-risk group, bP < 0.05. 

 

2.4 Correlation between serum IL-6, hs-CRP, SAA, 

and APACHE II score 
 

Pearson correlation analysis showed that serum IL-6, 

hs-CRP, and SAA were positively correlated with 

APACHE II scores (r = 0.392, 0.387, 0.406, P < 0.05). 
 

2.5 Predictive value of serum IL-6, hs-CRP, and SAA 

for mortality 

 
ROC curve analysis showed that the combination of 

serum IL-6, hs-CRP, and SAA had the highest AUC for 

predicting mortality in elderly sepsis patients with ALI, 

with an AUC of 0.859 (95%CI 0.812–0.952), sensitivity of 

94.96%, and specificity of 90.38%, as shown in Table 5 

and Figure 1. 
 

Tab. 5 Predictive efficacy of serum IL-6, hs-CRP and SAA on 

death 

Indicator Cut-off SE AUC 95%CI Sensitivit

y (%) 

Specificit

y (%) 

IL-6 12.38 ng/L 0.155 0.617 0.549~0.732 75.07 71.82 

hs-CRP 19.07 mg/L 0.163 0.591 0.512~0.684 71.74 68.24 

SAA 173.54 mg/L 0.150 0.642 0.578~0.757 78.96 74.82 

Combined 0.001 0.859 0.812~0.952 94.96 90.38 

 

 
Fig.1 ROC curve of IL-6, hs-CRP and SAA predicting death in 

elderly patients with sepsis complicated with ALI 

 

 

3 Discussion 
 

Sepsis can severely damage the function of other 

tissues and organs, with the lungs being the most 

commonly affected. This is manifested by excessive 

release of reactive oxygen species, chemokines, and 

cytokines, leading to the accumulation of large numbers of 

neutrophils in the lungs, thereby inducing acute lung injury 

(ALI), which is one of the leading causes of death in sepsis 

patients [11-12]. Elderly sepsis patients are at higher risk 

for developing ALI due to factors such as underlying 

diseases. Previously, the APACHE II score has been used 

to assess the severity of sepsis and ALI, but it involves 

many parameters and is subject to subjective bias from the 

assessor, resulting in poor sensitivity and specificity. 

Therefore, finding an indicator that can accurately assess 

the severity and prognosis of elderly sepsis patients with 

ALI is of significant clinical importance for guiding 

treatment strategies. 

Clinical studies have indicated that an excessive 

inflammatory response is the pathological basis for the 

development of ALI. Persistent inflammatory stimuli can 

disrupt the alveolar-capillary barrier function, affecting 

pulmonary ventilation and gas exchange [13]. IL-6 is a 

cytokine released by monocytes and macrophages, and 



                                    Chin J Clin Res, November 2024, Vol.37, No.11 

during tissue injury or infection, serum IL-6 levels increase 

rapidly, inducing inflammatory diseases [14]. hs-CRP is 

synthesized by hepatocytes and is secreted in large 

amounts in response to inflammation. As the infection 

subsides and the patient's condition improves, serum hs-

CRP levels gradually decrease, returning to normal [15]. 

SAA is an acute-phase reactant protein. In healthy 

individuals, SAA levels in the blood are low, but upon 

stimulation by mycoplasma, viruses, or bacteria, 

hepatocytes release large amounts of SAA into the 

bloodstream [16-17]. The present study shows that the 

levels of serum IL-6, hs-CRP, SAA, and the APACHE II 

score were all higher in the observation group than in the 

control and healthy groups. This suggests that elderly 

sepsis patients with ALI have higher serum levels of IL-6, 

hs-CRP, and SAA. The likely reason for this is that in 

patients with ALI, due to lung infection, the body 

undergoes severe inflammatory and oxidative stress 

responses, which stimulate the synthesis and release of 

large amounts of IL-6, hs-CRP, and SAA, thereby 

exacerbating the primary disease. Furthermore, IL-6, by 

binding to its receptor, activates the signal transducer and 

activator of transcription 3 (STAT3) and Janus kinase I 

(JAK1) signaling pathways, which promote the 

chemotaxis of inflammatory factors and cytokines, and 

enhance the accumulation and infiltration of macrophages 

and neutrophils in the lungs. This promotes the acute-phase 

response, amplifies the inflammatory response, and 

induces or worsens lung injury. In a study by Wang et al. 

[18], the serum levels of IL-6 and hs-CRP in children with 

ALI were significantly higher than those in healthy 

neonates, which is consistent with our findings and further 

confirms that abnormally high levels of serum IL-6 and hs-

CRP contribute to the occurrence and development of lung 

injury. 

This study indicated that as the severity of ALI 

increases, serum levels of IL-6, hs-CRP, and SAA rise 

abnormally. The underlying reason is that increased levels 

of IL-6, hs-CRP, and SAA exacerbate the body's 

inflammatory and stress responses, promoting further lung 

injury. Therefore, clinical interventions that downregulate 

the expression of IL-6, hs-CRP, and SAA could delay 

disease progression and reduce lung injury. In this study, 

by tracking clinical outcomes, we found that abnormal 

expressions of serum IL-6, hs-CRP, and SAA were 

associated with patient clinical outcomes. The results 

showed that the levels of IL-6, hs-CRP, and SAA, as well 

as the APACHE II score, were higher in the death group 

than in the survival group. This suggests that elderly sepsis 

patients with ALI who die have abnormally high serum 

levels of IL-6, hs-CRP, and SAA. Clinically, 

downregulating the expression of these markers can be 

used as a target to prevent and treat ALI in elderly sepsis 

patients. 

Our study also shows that serum IL-6, hs-CRP, SAA 

levels are positively correlated with the APACHE II score. 

This suggests that during the diagnosis and treatment of 

elderly sepsis with ALI, changes in serum IL-6, hs-CRP, 

and SAA levels can be used to assess disease severity, thus 

overcoming the limitations of the APACHE II score, which 

is influenced by subjective factors and involves 

cumbersome evaluation items. Through ROC curve 

analysis, we found that the combined detection of serum 

IL-6, hs-CRP, and SAA had an area under the curve of 

0.859, with a sensitivity of 94.96% and specificity of 

90.38%. This indicates that the combined detection of IL-

6, hs-CRP, and SAA has high diagnostic efficiency for 

predicting the prognosis of elderly sepsis patients with ALI, 

compensating for the shortcomings of single-marker tests. 

Moreover, these markers are easy to measure, cost-

effective, and highly reproducible, making them suitable 

for widespread use in the prognosis assessment of elderly 

sepsis patients with ALI. 

In conclusion, the combined detection of serum IL-6, 

hs-CRP, and SAA has high sensitivity and specificity for 

predicting patient mortality. Clinically, these markers can 

be used as biomarkers to predict poor prognosis in elderly 

sepsis patients with ALI. This study has some limitations, 

such as the relatively small sample size, retrospective 

design, and a limited selection period, which may impact 

the representativeness, generalizability, and universality of 

the results. Therefore, further clinical studies with larger 

sample sizes, multi-center, prospective designs, and longer 

selection periods are needed to provide more evidence for 

evaluating the diagnostic and prognostic value of serum 

IL-6, hs-CRP, and SAA in elderly sepsis patients with ALI. 
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