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Abstract: Background: The predictive value of changes in C-reactive protein (CRP), procalcitonin and 

leukocyte levels, which are commonly used in the diagnosis of infection in sepsis and septic shock, remains a 

topic of debate. This study aims to evaluate the effectiveness of changes in CRP, procalcitonin, and leukocyte 

counts on the prognosis of patients admitted to the intensive care unit (ICU) with a diagnosis of pneumosepsis 

and pneumonia-related septic shock, and to investigate whether any of these markers have a superior 

predictive value over the others in forecasting prognosis. Methods: The study analyzed the demographic data, 

Charlson Comorbidity Index score (CCIS), CURB-65 score (confusion, uremia, respiratory rate, BP, age ≥ 65 

years), and Acute Physiology and Chronic Health Evaluation II (APACHE-II) scores of 230 patients admitted 

to the ICU with a diagnosis of pneumosepsis and pneumonia-related septic shock between April 1, 2022, and 

December 31, 2023. The levels of CRP, procalcitonin, and leukocytes were also recorded and analyzed to assess 

their impact on 1-month and 3-month mortality outcomes. Results: According to multivariate logistic 

regression analysis, low BMI, male gender, high CCIS, CURB-65, and APACHE-II scores were found to be 

significantly associated with both 1-month and 3-month mortality (p<0.05). An elevated SOFA score was 

associated with 1-month mortality, while advanced age was related to 3-month mortality (p<0.05). Although 

there was no significant relationship between the first-day levels of leukocytes, CRP, and PCT and mortality, 

their levels on the third day were observed to be at their highest in both 1-month and 3-month mortality cases 

(p<0.05). Additionally, a concurrent increase in any two or all three of CRP, PCT, and leukocyte values was 

found to be higher in patients with 3-month mortality compared to those who survived (p=0.004). Discussion: 

Although PCT, CRP, and leukocyte values measured at the time of admission were not significantly associated 

with 1-month mortality in patients with pneumosepsis or pneumonia-related septic shock, the persistent 

elevation and concurrent increase of these values, along with male gender, advanced age, low BMI, and high 

CCIS, CURB-65, and APACHE-II scores, were found to be significantly associated with 3-month mortality. 

Keywords: C-reactive protein; leukocyte; pneumosepsis; procalcitonin; septic shock 

 

Introduction 

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to 

infection [1]. Septic shock is a critical condition characterized by persistent hypotension and tissue 

hypoperfusion due to underlying circulatory, cellular, and metabolic abnormalities, despite adequate 

fluid resuscitation, with symptoms varying depending on the affected system [2]. Pneumonia is one 

of the leading causes of sepsis. Studies have shown that sepsis related to pneumonia is associated 

with higher mortality rates compared to sepsis caused by other infections [3]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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Procalcitonin (PCT) is used as a biomarker in various inflammatory conditions such as sepsis, 

severe burns, acute pancreatitis, and postoperative infections. C-reactive protein (CRP), produced in 

response to specific pro-inflammatory cytokines, is another crucial marker of infection. It is widely 

used to assess the prognosis of patients with conditions like acute pancreatitis, pulmonary infections, 

malignant tumors, and gout arthritis, reflecting the severity of the disease [4].  

In cases of systemic inflammatory response syndrome (SIRS), which is a component of sepsis, 

there is often an increase in blood leukocyte counts [5]. Recent sepsis studies utilizing transcriptomic 

analysis have provided evidence of significant changes in the leukocyte transcriptomes of septic 

patients. The leukocytes of intensive care unit (ICU) patients show a highly altered transcriptome, 

with 70-80% of all RNA transcripts being significantly different [6]. Particularly in critically ill 

patients with community-acquired pneumonia, transcriptomic analysis of circulating leukocytes has 

identified an immunosuppressive state associated with a higher mortality rate in the sepsis response 

[7]. Such studies support the understanding that sepsis can lead to profound and persistent 

immunosuppression. 

PCT, CRP, and leukocyte count are among the most commonly used biomarkers in the diagnosis 

of sepsis and septic shock [8]. While there is limited data on the prognostic role of these biomarkers, 

some studies have emphasized that changes in PCT and CRP levels can be indicative of the outcome 

in sepsis [9]. However, there is no clear consensus in the literature regarding the superiority of one 

biomarker over the others. The potential of CRP, PCT, and leukocyte count changes, either 

individually or in combination, to predict prognosis in patients with sepsis and septic shock remains 

a subject of interest. We believe that a dynamic approach to evaluating these biological markers may 

provide more insight into the outcomes of patients with sepsis. This study aims to assess the impact 

of changes in CRP, PCT, and leukocyte counts on the prognosis of patients admitted to the ICU with 

a diagnosis of pneumosepsis and pneumonia-related septic shock, and to explore whether any of 

these markers have a superior predictive value in forecasting prognosis. 

Materials and Methods 

This study included 230 patients admitted to the adult, tertiary ICU at the University of Health 

Sciences Ankara Atatürk Sanatorium Training and Research Hospital with a diagnosis of 

pneumosepsis and pneumonia-related septic shock between April 1, 2022, and December 31, 2023. 

After obtaining approval from the institution’s Scientific Studies Ethics Committee, with approval 

number 2024-BÇEK/57 dated April 24, 2024, the patients’ hospital information management system 

records and files were retrospectively reviewed. 

According to the Turkish Thoracic Society’s Consensus Report on the Diagnosis and Treatment 

of Community-Acquired Pneumonia in Adults [10], patients diagnosed with pneumonia who 

developed sepsis and septic shock related to pneumonia and were admitted to the ICU were included 

in the study. The inclusion criteria required patients to be over 18 years of age, monitored in the ICU 

for more than 24 hours, and to have received standard sepsis treatment according to the sepsis 

guidelines. The diagnosis and treatment of sepsis and septic shock followed the 2021 Surviving Sepsis 

Campaign guidelines [1]. 

Patients who were excluded from the study included those under 18 years of age, those who 

stayed in the ICU for less than 24 hours, those with extrapulmonary infections, immunocompromised 

patients (such as those with hematological malignancies, HIV, neutropenia <1000 cells/mL, or those 

who received chemotherapy or radiotherapy within the previous 45 days), patients with 

rheumatologic diseases, those with non-infectious causes of high inflammatory states such as 

pancreatitis, trauma, or major surgery, and patients with incomplete serum biomarker data (Figure 

1). 
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Figure 1. Flow chart. 

The study recorded various patient data, including age, gender, Body Mass Index (BMI), 

comorbidities, whether the patients were in sepsis or septic shock at the time of ICU admission, 1-

month and 90-day mortality rates, length of ICU stay, discharge status to either a ward or an external 

facility, need for dialysis post-sepsis, need for invasive or non-invasive mechanical ventilation during 

ICU stay and the duration of such support, whether patients admitted with sepsis or septic shock 

required inotropic agent support during their ICU stay, and whether they received monotherapy or 

combination therapy with antibiotics at the time of ICU admission. 

The severity of the illness was assessed using the CURB-65 score [confusion; blood urea nitrogen 

(BUN) > 20 mg/dL or urea > 42.8 mg/dL; respiratory rate ≥ 30 breaths/min; systolic blood pressure < 

90 mmHg or diastolic ≤ 60 mmHg; and age ≥ 65 years], evaluated prior to ICU admission. 

Additionally, the Acute Physiology and Chronic Health Evaluation II (APACHE-II) score, Sequential 

Organ Failure Assessment (SOFA) score, and Charlson Comorbidity Index score (CCIS) were 

evaluated within the first 24 hours after ICU admission. 

The levels of CRP, PCT, and leukocytes were recorded on the day of ICU admission and 

subsequently on days 3, 7, and 10 of ICU follow-up. Other laboratory parameters recorded at the time 

of admission included hemoglobin, hematocrit, platelet count, glomerular filtration rate (GFR), 

creatinine, urea, alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, 

and albumin levels. 

The CRP, PCT, and leukocyte levels measured on days 1, 3, 7, and 10 of ICU follow-up were 

compared with other parameters in terms of significance. To determine whether the combined 

elevation of CRP, PCT, and leukocyte levels or their individual elevations were more significant for 

mortality, the reference ranges of our hospital were used as a baseline. According to our hospital’s 

reference ranges, a CRP level >5 mg/L was considered elevated CRP, a PCT level >0.25 ng/mL was 

considered elevated PCT, leukocytosis was defined as a leukocyte count >12x10^3/µL, and 

leukopenia was defined as a leukocyte count <4x10^3/µL. 

Statistical Analysis 

Data analyses were performed by using SPSS for Windows, version 22.0 (SPSS Inc., Chicago, IL, 

United States). Whether the distribution of continuous variables was normal or not was determined 

by the Kolmogorov Smirnov test. Levene test was used for the evaluation of homogeneity of 

variances.  

Unless specified otherwise, continuous data were described as median (IQR (Q3:75. Persentile – 

Q1;25. Persentile) for skewed distributions. Categorical data were described as a number of cases (%). 

Statistical analysis differences in not normally distributed variables between two independent groups 

    Enrolled (n=340) 

    Included (n=230) 

  Excluded (n=110) 

Pneumosepsis          

(n=146) 

Septic shock (n=84) 

    1 month 

mortality (n=34) 

 3 month mortality 

(n=46) 

     1 month 

mortality (n=58) 

      3 month 

mortality (n=72) 

Patients with imcomplete 

information (n=39) 

Did not meet the study 

criteria (n=71) 
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were compared by Mann Whitney U test. Statistical analysis differences in not normally distributed 

variables between three independent groups were compared by Kruskal wallis test. Categorical 

variables were compared using Pearson’s chi-square test or fisher’s exact test. İt was evaluated 

degrees of relation between variables with spearman correlation analysis. 

Univariate and multivariate logistic regression analyses were performed to assess the 

association between mortality the risk factors findings. 

First of all it was used one variable univariate logistic regression with risk factors that is thought 

to be related with mortality risk factors that has p-value < 0.25 univariate variable logistic regression 

was included to model on multivariable logistic regression. Enter model used in multivariable logistic 

regression. Whether every independent variables were significant on model was analyzed with Wald 

statistic on multivariable logistic regression. Whether every independent variables were significant 

on model was analyzed with t statistic on multivariable lineer regression. 

It was accepted p-value <0.05 as significant level on all statistical analysis. 

Results 

Between April 1, 2022, and December 31, 2023, the data of 340 patients with pneumosepsis/septic 

shock were reviewed, and 230 patients met the inclusion criteria and were included in the study. 

Among these patients, 131 (57%) were male, with a median age of 73 years (range 18-95, IQR: 20) and 

a median BMI of 24.9 kg/m² (range 13.8-52, IQR: 6). The median scores for the scoring systems 

calculated on the day of ICU admission were as follows: CCIS:6, CURB-65:3, APACHE-II: 24, and 

SOFA score:7. Of the patients, 146 (63.5%) were admitted to the ICU with a diagnosis of 

pneumosepsis, while 84 (36.5%) were admitted with pneumonia-related septic shock. 

The median CRP values measured during ICU follow-up were as follows: Day 1: 109.5 mg/L 

(range 7-478, IQR: 127), Day 3: 117 mg/L (range 3-428, IQR: 120), Day 7: 78 mg/L (range 3-355, IQR: 

111), Day 10: 74 mg/L (range 9-359, IQR: 120). The median PCT values during ICU follow-up were: 

Day 1: 0.88 ng/mL (range 0.01-89, IQR: 3.73), Day 3: 1 ng/mL (range 0.01-100, IQR: 4.75), Day 7: 0.71 

ng/mL (range 0.01-35, IQR: 2.36), Day 10: 1.07 ng/mL (range 0.01-67.3, IQR: 3.65). The median 

leukocyte counts during ICU follow-up were: Day 1: 11.55 x10³/µL (range 1-57, IQR: 10.80), Day 3: 

10.80 x10³/µL (range 1.7-60.4, IQR: 8.86), Day 7: 10.0 x10³/µL (range 2.5-31.2, IQR: 7.6), Day 10: 11.2 

x10³/µL (range 2.6-37.3, IQR: 9.40). Among the 230 patients, 92 (40%) had positive 1-month mortality, 

and 118 (51.3%) had positive 3-month mortality. 

In patients with 1-month mortality, the proportion of male patients, CCIS, CURB-65, APACHE 

II, and SOFA scores, duration of mechanical ventilation (MV), incidence of septic shock, and the need 

for inotropic support were found to be statistically significantly higher compared to those without 

mortality (p<0.05). Additionally, BMI and discharge rates were statistically significantly lower in 

patients with 1-month mortality compared to those who survived (p<0.05) (Table 1). 

Table 1. Evaluation of variables affecting 1-month and 3-month mortality. 

 

1 Month Mortality 3 Month Mortality 

(-) (+) 

p 

(-) (+) 

p Median / 

IQR 
Median/ IQR Median/ IQR 

Median/ 

IQR 

Age (year) 72.50/ 19.00 74.00/ 18.00 0.245 71.00/ 18.50 
74.50/ 

19.00 
0.134 

BMI (kg/m2) 25.90/ 6.90 24.20/ 5.17 0.001 26.20/ 8.20 24.20/ 5.34 <0.001 

CCIS 6.00/ 4.00 7.00/ 3.00 <0.001 6.00/ 4.00 7.00/ 2.00 0.001 

CURB-65 3.00/ 2.00 4.00/ 1.00 <0.001 3.00/ 1.00 4.00/ 1.00 <0.001 

APACHE II 23.00/ 8.00 27.00/ 9.00 <0.001 22.00/ 7.00 27.00/ 9.00 <0.001 

SOFA 6.00/ 3.00 8.00/ 4.00 0.001 6.00/ 3.50 8.00/ 4.00 <0.001 

Length of stay in ICU 

(day) 
5.00/ 13.00 4.50/ 9.00 0.111 4.00/ 9.00 5.50/ 13.00 0.562 

Duration of MV (day) 0.00/ 6.00 2.00/ 5.00 <0.001 0.00/ 4.00 2.00/ 7.00 <0.001 

 n (%)  n (%)  
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Gender 
Male 64 (46.4%) 67 (72.8%) 

<0.001 
49 (43.8%) 82 (69.5%) 

<0.001 
Female 74 (53.6%) 25 (27.2%) 63 (56.3%) 36 (30.5%) 

Sepsis/Se

ptic shock 

Sepsis 112 (81.2%) 34 (37.0%) 

<0.001 

100 (89.3%) 46 (39.0%) 

<0.001 Septic 

shock 
26 (18.8%) 58 (63.0%) 12 (10.7%) 72 (61.0%) 

Discharge 
No 5 (3.6%) 75 (81.5%) 

<0.001 
2 (1.8%) 78 (66.1%) 

<0.001 
Yes  133 (96.4%) 17 (18.5%) 110 (98.2%) 40 (33.9%) 

Need for 

RRT 

No 113 (81.9%) 72 (78.3%) 
0.497 

95 (84.8%) 90 (76.3%) 
0.102 

Yes 25 (18.1%) 20 (21.7%) 17 (15.2%) 28 (23.7%) 

Need for 

inotropic 

support 

No 105 (76.1%) 28 (30.4%) 

<0.001 

98 (87.5%) 35 (29.7%) 

<0.001 
Yes 33 (23.9%) 64 (69.6%) 14 (12.5%) 83 (70.3%) 

Antibiyoti

c 

Monother

apy 
68 (49.3%) 45 (48.9%) 

0.957 

59 (52.7%) 54 (45.8%) 

0.294 
Combined 

therapy 
70 (50.7%) 47 (51.1%) 53 (47.3%) 64 (54.2%) 

Continuous variables are expressed as median (IQR),Mann Whitney u Test p=Level of Significance, p<0,05 

Categorical variables are expressed as either frequency (percentage). Chi square Test  p=Level of 

Significance, p<0,05 

 

BMI: Body Mass Index; CCIS: Charlson Comorbidity Index score; CURB-65:confusion, urea, 

respiratory rate, blood pressure, age ⩾65; APACHE-II: Acute Physiologic and Chronic Health 

Evaluation-II, SOFA: Sequential Organ Failure Assessment; ICU: Intensive Care Unit; MV: 

Mechanical Ventilation; RRT: Renal Replacement Therapy 

In patients with 3-month mortality, the proportion of male patients, CCIS, CURB-65, APACHE 

II, SOFA scores, MV duration, incidence of septic shock, and the need for inotropic support were also 

found to be statistically significantly higher compared to those without mortality (p<0.05). Similarly, 

BMI and discharge rates were statistically significantly lower in patients with 3-month mortality 

compared to those who survived (p<0.05) (Table 1). 

In patients with 1-month mortality, CRP levels on days 1 and 3, PCT levels on days 3 and 10, 

leukocyte counts on days 3 and 10, ALT, and total bilirubin levels were statistically significantly 

higher, while albumin levels were statistically significantly lower compared to those without 

mortality (Table 2). 

Table 2. Evaluation of laboratory values for 1-month and 3-month mortality. 

 

                1 Month Mortality         3 Month Mortality 

(-) (+) 

    p 

(-) (+) 

    p Median / 

IQR 
Median / IQR Median / IQR Median / IQR 

CRP Day 1 (mg/L) 98.90/ 138.00 128.40/ 125.50 0.049 98.00/ 147.50 117.00/ 115.00 0.028 

CRP Day 3 (mg/L) 108.00/ 88.50 145.00/ 135.00 0.008 99.20/ 94.00 134.00/ 129.00 0.001 

CRP Day 7 (mg/L) 78.00/ 88.00 68.80/ 161.00 0.176 68.15/ 104.70 92.45/ 131.00 0.008 

CRP Day 10 (mg/L) 78.00/ 113.70 68.00/ 186.00 0.793 56.00/ 64.50 84.00/ 150.00 0.021 

PCT Day 1 

(ng/mL) 
0.87/ 2.55 1.15/ 10.40 0.066 0.77/ 2.59 1.15/ 7.99 0.019 

PCT Day 3 

(ng/mL) 
0.50/ 2.59 3.40/ 13.30 <0.001 0.42/ 2.42 2.40/ 9.20 <0.001 

PCT Day 7 

(ng/mL) 
0.55/ 1.79 1.03/ 3.18 0.126 0.45/ 1.91 0.95/ 3.16 0.027 

PCT Day 10 

(ng/mL) 
0.79/ 1.56 2.55/ 6.41 0.020 0.79/ 1.19 1.75/ 4.87 0.048 

Leukocyte Day 1 

(x103 µL) 
11.50/ 10.10 11.60/ 11.80 0.429 10.80/ 7.80 12.85/ 12.30 0.049 

Leukocyte Day 3  

(x103 µL) 
10.01/ 6.50 13.90/ 11.80 0.018 9.55/ 5.30 13.80/ 10.90 <0.001 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 August 2024                   doi:10.20944/preprints202408.1007.v1

https://doi.org/10.20944/preprints202408.1007.v1


 6 

 

Leukocyte Day 7  

(x103 µL) 
9.40/ 5.00 11.70/ 9.36 0.062 8.90/ 4.00 11.85/ 8.60 0.002 

Leukocyte Day 10 

(x103 µL) 
8.60/ 7.70 15.75/ 5.70 <0.001 7.20/ 4.10 15.50/ 7.80 <0.001 

Hemoglobin(g/dL) 10.60/ 3.50 10.20/ 3.30 0.998 10.65/ 3.30 10.20/ 3.40 0.885 

Platelet (x103 µL) 216.00 /120.00 221.00/ 174.00 0.270 217.00/ 102.00 208.00/ 167.00 0.753 

        

GFR(mL/dk) 
64.00/ 57.00 53.50/ 54.70 0.420 62.00/ 57.00 61.00/ 56.00 0.873 

Creatinine (mg/dL) 1.07/ 1.00 1.20/ 1.12 0.319 1.10/ 1.00 1.01/ 1.14 0.589 

BUN (mg/dL) 56.50/ 70.00 53.00/ 34.50 0.698 56.00/ 61.70 54.00/ 37.00 0.161 

AST (IU/L) 

 
22.50/ 18.00 23.00/ 40.00 0.097 19.50/ 14.50 25.50/ 25.00 0.001 

ALT (IU/L) 14.50/ 14.00 18.00/ 45.00 0.039 14.00/ 11.00 18.00/ 32.00 0.028 

Total Bilirubin 

(mg/dL) 
0.50/ 0.60 1.15/ 1.40 <0.001 0.50/ 0.50 1.00/ 1.10 <0.001 

Albumin (g/L) 24.00/ 27.90 3.30/ 22.30 <0.001 27.00/ 30.25 23.45/ 22.40 <0.001 

Continuous variables are expressed as median (IQR),Mann Whitney u Test p=Level of Significance, p<0,05 

 

CRP: C-reactive protein; PCT: Procalcitonin; GFR: Glomerular Filtration Rate; BUN: Blood Urea 

Nitrogen; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase 

For patients with 3-month mortality, CRP levels on days 1, 3, 7, and 10, PCT levels on days 1, 3, 

7, and 10, leukocyte counts on days 1, 3, 7, and 10, as well as AST, ALT, and total bilirubin levels were 

statistically significantly higher, while albumin levels were statistically significantly lower compared 

to those without mortality (Table 2). 

Figure 2 illustrates the distribution of CRP, PCT, and leukocyte levels measured on days 1, 3, 7, 

and 10 between patients with and without 1-month mortality. 

  
(A) (B) 
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(C) 

Figure 2. Distribution of CRP, PCT and leukocyte values in 1-month mortality. A) CRP values B) PCT 

values C) Leukocyte values Outlier ○, extreme outliers *. 

Figure 3 shows the distribution of CRP, PCT, and leukocyte levels measured on days 1, 3, 7, and 

10 between patients with and without 3-month mortality. 

(A) (B) 
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(C) 

Figure 3. Distribution of CRP, PCT and leukocyte values in 3-month mortality. A) CRP values B) PCT 

values C) Leukocyte values Outlier ○, extreme outliers *. 

Among the 92 patients with 1-month mortality, 9 (9.8%) had an increase in only one of the CRP, 

PCT, or leukocyte levels on day 1, 49 (53.3%) had increases in two of these values, and 34 (37.0%) had 

increases in all three values. No significant relationship was found between the simultaneous increase 

in CRP, PCT, and leukocyte levels on day 1 and 1-month mortality among patients with and without 

mortality (p=0.09). For the 118 patients with 3-month mortality, 9 (7.6%) had an increase in only one 

of the CRP, PCT, or leukocyte levels on day 1, 60 (50.8%) had increases in two of these values, and 49 

(41.5%) had increases in all three values. A significant relationship was found between the 

simultaneous increase in CRP, PCT, and leukocyte levels on day 1 and 3-month mortality among 

patients with and without mortality (p<0.05). The concurrent increase in any two or all three of the 

CRP, PCT, and leukocyte levels on day 1 was higher in patients with 3-month mortality compared to 

those without mortality (p=0.004). 

Univariate logistic regression analysis was applied to identify factors predicting 1-month 

mortality. Variables with a p-value of less than 0.05 were considered as mortality predictors. It was 

found that increased age, decreased BMI, male gender, higher CCIS, CURB-65, APACHE-II, and 

SOFA scores, shorter ICU stay, and increased leukocyte count on day 1 were associated with an 

increased risk of mortality (p<0.05). Variables with a p-value of less than 0.25 in the univariate logistic 

regression analysis were included in the multivariate logistic regression analysis, using the Enter 

method. A model explaining 1-month mortality was established based on the multivariate logistic 

regression analysis. According to this analysis, lower BMI, male gender, higher CCIS, CURB-65, and 

APACHE-II scores, and shorter ICU stay were identified as factors that increased the risk of 1-month 

mortality (p<0.05) (Table 3). 

Table 3. Logistic Regression Analysis to Determine the Factors Affecting 1-Month Mortality. 

 

Univariate Logistic Regression Multivariate Logistic Regression 

Wald p OR 
95% C.I. for OR 

Wald p OR 

95% C.I. for 

OR 

Lower Upper Lower Upper 

Age (year) 4.180 0.041 1.019 1.001 1.037 3.805 0.051 0.973 0.947 1.000 

BMI (kg/m2) 9.469 0.002 0.936 2.897 2.976 11.665 0.001 0.916 0.871 0.963 

Gender (ref 

kat:female) 
15.217 <0.001 3.099 1.755 5.470 14.542 <0.001 4.285 2.028 9.051 

CCIS 12.877 <0.001 1.227 1.097 1.372 9.995 0.002 1.334 1.116 1.596 

CURB-65 31.581 <0.001 2.600 1.863 3.629 14.525 <0.001 2.470 1.551 3.932 

APACHE-II 20.952 <0.001 1.096 1.054 1.140 5.007 0.025 1.077 1.009 1.149 
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SOFA 14.854 <0.001 1.180 1.085 1.284 0.005 0.942 0.995 0.871 1.137 

LOS ICU 5.114 0.024 0.962 2.931 2.995 10.329 0.001 0.924 0.880 0.970 

Need for RRT 2.459 0.498 1.256 2.650 2.425      

Antibiyotic 

Mono /Comb 
2.003 0.957 1.015 2.599 1.720      

CRP Day 

1(mg/L) 
2.427 0.119 1.002 2.999 1.005 0.005 0.943 1.000 0.996 1.004 

PCT Day 1 

(ng/mL) 
2.571 0.109 1.017 2.996 1.039 0.378 0.539 0.990 0.957 1.023 

Leukocyte 

Day 1(x103 µL) 
3.927 0.048 1.034 1.000 1.069 0.321 0.571 1.012 0.971 1.054 

Wald: test statistics, OR: odds radio, CI: Confidence interval. Statistically significant p-values are in bold 

BMI: Body Mass Index; CCIS: Charlson Comorbidity Index score; CURB-65:confusion, urea, 

respiratory rate, blood pressure, age ⩾65; APACHE-II: Acute Physiologic and Chronic Health 

Evaluation-II, SOFA: Sequential Organ Failure Assessment; LOS ICU: Length of stay in Intensive 

Care Unit; RRT: Renal Replacement Therapy; Mono/Comb: Monotherapy/ Combined therapy; 

CRP: C-reactive protein; PCT: Procalcitonin 

Similarly, univariate logistic regression analysis was conducted to identify factors predicting 3-

month mortality. Variables with a p-value of less than 0.05 were considered predictors or indicators 

of mortality. It was found that increased age, decreased BMI, male gender, increased leukocyte count 

on day 1, and higher CCIS, CURB-65, APACHE-II, and SOFA scores were associated with an 

increased risk of 3-month mortality (p<0.05). Variables with a p-value of less than 0.25 in the 

univariate logistic regression analysis were included in the multivariate logistic regression analysis, 

using the Enter method. A model explaining 3-month mortality was established based on the 

multivariate logistic regression analysis. According to this analysis, increased age, lower BMI, male 

gender, and higher CCIS, CURB-65, and APACHE-II scores were identified as factors that increased 

the risk of 3-month mortality (p<0.05) (Table 4).  

Table 4. Logistic Regression Analysis to Determine the Factors Affecting 3-Month Mortality. 

 

Univariate Logistic Regression Multivariate Logistic Regression 

Wald p OR 
95% C.I. for OR 

Wald p OR 
95% C.I. for OR 

Lower Upper Lower Upper 

Age (year) 4.744 0.029 1.019 1.002 1.036 4.626 0.031 0.969 0.942 0.997 

BMI (kg/m2) 15.713 <0.001 0.918 0.879 0.957 17.269 <0.001 0.881 0.829 0.935 

Gender (ref 

kat:female) 
15.141 <0.001 2.929 1.705 5.032 20.324 <0.001 0.158 0.071 0.352 

CCIS 11.803 0.001 1.214 1.087 1.356 5.349 0.021 1.261 1.036 1.535 

CURB-65 48.032 <0.001 4.009 2.707 5.937 25.460 <0.001 4.081 2.363 7.047 

APACHE-II 26.617 <0.001 1.121 1.073 1.171 8.654 0.003 1.105 1.034 1.182 

SOFA 17.294 <0.001 1.217 1.110 1.336 1.473 0.225 0.913 0.787 1.058 

LOS ICU 0.582 0.445 0.991 0.968 1.015      

Need for RRT 2.633 0.105 1.739 0.891 3.391 0.968 0.325 1.618 0.620 4.221 

Antibiyotic 

Mono /Comb 
1.098 0.295 1.319 0.786 2.216      

CRP Day 

1(mg/L) 
1.999 0.157 1.002 0.999 1.005 0.008 0.928 1.000 0.996 1.004 

PCT Day 1 

(ng/mL) 
1.184 0.277 1.012 0.991 1.033      

Leukocyte 

Day 1 (x103 

µL) 

6.353 0.012 1.047 1.010 1.085 1.531 0.216 1.031 0.983 1.081 

Wald: test statistics, OR: odds radio, CI: Confidence interval. Statistically significant p-values are in bold. 
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BMI: Body Mass Index; CCIS: Charlson Comorbidity Index score; CURB-65:confusion, urea, 

respiratory rate, blood pressure, age ⩾65; APACHE-II: Acute Physiologic and Chronic Health 

Evaluation-II, SOFA: Sequential Organ Failure Assessment; LOS ICU: Length of stay in Intensive 

Care Unit; RRT: Renal Replacement Therapy; Mono/Comb: Monotherapy/ Combined therapy; 

CRP: C-reactive protein; PCT: Procalcitonin 

Discussion 

In this study examining 230 patients admitted to the ICU with a diagnosis of pneumosepsis or 

pneumonia-related septic shock, the primary outcome identified male gender, advanced age, low 

BMI, and high scores on CCIS, CURB-65, and APACHE-II as significant predictors of mortality. The 

secondary outcome of the study highlighted that increases in CRP, PCT, and leukocyte levels, 

particularly on day 3, were significant for both 1-month and 3-month mortality. Additionally, among 

patients with 3-month mortality, the concurrent increase in any two or all three of CRP, PCT, and 

leukocyte levels on day 1 was higher compared to those who did not experience mortality. 

A study involving 171 patients found that CRP levels measured a few days after admission, 

rather than initial concentrations, might be more useful in evaluating treatment response and the 

outcome of sepsis. CRP levels above 100 mg/L on day 3 in the ICU were found to be predictive of 

mortality [9]. In another study evaluating patients with severe community-acquired pneumonia in 

the ICU, a PCT level below 0.95 ng/ml on day 3 in intubated patients was associated with a 95% 

survival probability [11]. Hillas et al. found that in patients with ventilator-associated pneumonia, 

those who developed septic shock had higher PCT levels on both day 1 and day 4 compared to other 

days [12]. Similarly, our study found that PCT, CRP, and leukocyte levels on day 3 were significantly 

higher in patients who experienced mortality within 1 and 3 months compared to those who did not. 

These findings suggest that these three parameters may serve as useful predictors of mortality. 

Multiple studies have indicated that changes in PCT and CRP levels, rather than their absolute 

values, are more successful in predicting treatment response and survival [9,11,13]. A study 

conducted in Switzerland emphasized that the initial PCT level did not improve clinical scores for 

predicting mortality, whereas monitoring PCT kinetics and observing decreasing levels during 

follow-up were more associated with improved clinical outcomes [14]. Another study found that the 

kinetics of PCT, CRP, and, to a lesser extent, WBC markers provided additional prognostic 

information for mortality risk prediction [15]. In our study, CRP, PCT, and leukocyte levels were 

found to be high on days 1, 3, 7, and 10 in patients with 3-month mortality. This indicates that 

persistent elevation in these values may influence long-term mortality. 

In a study involving patients with severe influenza and bacterial co-infections, initial PCT and 

CRP levels at ICU admission were not associated with prognosis [13]. Similarly, multiple studies have 

confirmed that a single PCT measurement at ICU admission cannot reliably predict the prognosis of 

critically ill septic patients [16]. In our study, logistic regression analysis also did not find a significant 

relationship between CRP, PCT, and leukocyte levels on day 1 and 1-month mortality. 

In patients presenting to the emergency department with suspected infection and sepsis, 

leukocyte, CRP, and PCT levels, when evaluated in combination with clinical severity scores, have 

been shown to be reliable biomarkers for prognosis [17]. The combination of PCT and CRP is 

particularly important in the diagnosis and prognosis of bacterial bloodstream infections [18]. In 

patients with severe pneumonia, the concurrent elevation of serum PCT, leukocyte, and CRP levels 

has been associated with mortality [19]. Our study also found that 3-month mortality was higher in 

patients who had a concurrent increase in any two or all three of the PCT, CRP, and leukocyte levels 

compared to those without mortality. This supports the assumption that the assessment of multiple 

biomarkers may serve as a diagnostic tool in determining prognosis. 

A study on patients with septic shock found that mortality was significantly higher in patients 

with a BMI < 25 kg/m² compared to those with a BMI > 30 kg/m², and lung and fungal infections were 

more frequently observed [20]. A meta-analysis examining the role of increased body mass index in 

sepsis patients also found that patients with a BMI ≥ 25 kg/m² were associated with a lower risk of 

mortality [21]. The significantly higher incidence of sepsis in the low BMI group has been attributed 
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to the protective effects of estrogens derived from adipocytes and the immunomodulatory effects of 

adiponectin [22]. In our study, low BMI was found to be an independent risk factor for both 1-month 

and 3-month mortality. Considering that obesity is a comorbidity generally associated with poor 

clinical outcomes, this result highlights the importance of large-scale research on the impact of 

increased body fat tissue on sepsis pathophysiology. 

In a study involving 674 sepsis patients, advanced age, along with low BMI, was identified as 

an independent risk factor affecting in-hospital mortality [23]. Moreover, studies on sepsis frequently 

find that mortality is higher in males compared to females [2,24]. This has been attributed to the 

suppressive effects of male sex hormones (androgens) on cell-mediated immune responses, while 

female sex hormones provide a protective effect under septic conditions [25]. In our study, both 

advanced age and male gender were found to be independent risk factors for 1-month and 3-month 

mortality in patients with pneumosepsis and septic shock. Additionally, the protective effect of 

estrogen and other sex hormones observed in females supports the relationship between increased 

BMI and estrogen effects. 

A study conducted in the ICUs of a tertiary hospital in China found that the APACHE-II score 

calculated on the first day after diagnosis was an independent risk factor for mortality [26]. Another 

study demonstrated that the CURB-65 score performed better than other severity scores in predicting 

the risk of death among septic patients [27]. In a study examining the effectiveness of CURB-65 and 

APACHE-II scores in assessing sepsis severity and predicting mortality, both scores were found to 

be successful in predicting mortality. However, since the CURB-65 score is a simple calculation, it has 

the advantage of being quickly calculated in crowded emergency departments, making it superior to 

other complex severity scores [28]. The combination of CRP, PCT, and WBC elevations with a high 

CURB-65 score further enhances the ability to identify patients at risk of poor clinical outcomes [15]. 

In our study, a significant relationship was found between increases in CURB-65 scores and 

elevations in CRP, PCT, and leukocyte levels at different follow-up times. Additionally, CURB-65 

and APACHE-II scores were independent predictors of both 1-month and 3-month mortality in 

patients with pneumosepsis and septic shock. This suggests that the combined use of scoring systems 

and biomarkers may provide more accurate results in predicting prognosis. 

In sepsis patients, the CCIS is an independent predictor of in-hospital mortality and also a 

predictive factor for the development of postoperative sepsis [29,30]. A study found that patients 

with high CCIS were more likely to progress from bacteremia to sepsis [31]. Furthermore, it has been 

concluded that the CCIS is a one-year mortality predictor in patients presenting to the emergency 

department with severe sepsis or septic shock [32]. In our study, CCIS was found to be a predictor of 

both 1-month and 3-month mortality. This supports the notion that comorbidity and advanced age 

worsen the general condition of patients with sepsis and septic shock. 

Sepsis is an acute event and has not been associated with long-term mortality due to acute organ 

dysfunction. However, treatment limitation decisions related to the underlying disease also affect 

ICU mortality [33]. In our study, a shorter ICU stay was significantly associated with 1-month 

mortality. This was attributed to the acute deterioration caused by sepsis and septic shock. 

Our study has several limitations. First, the retrospective and single-center design of our study 

limits the generalizability of the results. Second, some patients progressed to septic shock after being 

admitted to the ICU with a diagnosis of sepsis. Similarly, patients who were receiving monotherapy 

with antibiotics at the time of ICU admission and subsequently experienced worsening of their 

condition were switched to combination therapy. Therefore, the distinction between sepsis/septic 

shock; between monotherapy/combination therapy was made only on the day of admission to the 

ICU. The third limitation was the unclear etiology in patients who developed a dialysis indication 

after sepsis/septic shock. Fourth, some patients’ CRP, PCT, and leukocyte values on days 3, 7, and 10 

could not be recorded due to early mortality in the ICU or transfer to an external facility. 

In conclusion, although PCT, CRP, and leukocyte levels measured at the time of admission were 

not significantly associated with 1-month mortality in patients with pneumosepsis or pneumonia-

related septic shock, the persistent elevation of these values, male gender, advanced age, low BMI, 

and high scores on CCIS, CURB-65, and APACHE-II were significantly associated with 3-month 
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mortality. The concurrent elevation of CRP, PCT, and leukocyte levels is a determinant in predicting 

long-term prognosis. More homogeneous and large-scale prospective studies will be highly beneficial 

in clarifying this topic. 
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