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ABSTRACT
Background: Sepsis is a life-threatening condition associated with systemic inflammation, immune dysfunction and organ failure. 
Early identification of patients at increased risk of mortality and acute kidney injury (AKI) remains challenging. The lymphocyte-to-C-
reactive protein ratio (LCR) combines information on lymphocyte depletion and systemic inflammation and may have prognostic value.
Methods: A retrospective observational study was conducted among 400 adult patients with sepsis presenting to the emergency 
department. Baseline demographic, clinical and laboratory data were collected. LCR was calculated from the initial absolute 
lymphocyte count and CRP concentration. Patients were categorized into four LCR quartiles. The primary outcome was 30-day all-
cause mortality, while AKI was evaluated as a secondary outcome. ROC analysis, Kaplan-Meier survival analysis and multivariable 
regression were performed.
Results: Overall, 110 patients (27.5%) died within 30 days and 182 (45.5%) developed AKI. Mortality decreased progressively across 
LCR quartiles, from 36.6% in Q1 to 16.2% in Q4 (p=0.003). AKI similarly decreased from 59.4% in Q1 to 31.3% in Q4 (p<0.001). 
Lower LCR was associated with higher disease severity, inflammatory burden and organ dysfunction. LCR demonstrated an AUC of 
0.671 for 30-day mortality and 0.648 for AKI. Kaplan-Meier analysis showed significantly poorer survival among patients with lower 
LCR (log-rank p<0.001). Higher LCR remained associated with lower mortality and AKI after multivariable adjustment.
Conclusion: Lower LCR was associated with increased 30-day mortality and AKI in emergency department patients with sepsis. 
LCR may serve as a simple adjunctive biomarker for early risk stratification.
Keywords: Sepsis; Lymphocyte-to-C-reactive protein ratio; Mortality; Acute kidney injury; Prognosis.
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INTRODUCTION
Sepsis is a life-threatening clinical syndrome resulting 
from a dysregulated host response to infection and is 
characterized by potentially fatal organ dysfunction [1,2]. 
Despite advances in early recognition and management, 
sepsis continues to impose a substantial global burden, with 
considerable mortality among affected patients [3]. Early 
identification of patients at high risk of adverse outcomes 
is therefore essential, particularly in the emergency 
department (ED), where timely risk stratification can 
facilitate appropriate monitoring and treatment.

The pathophysiology of sepsis involves a complex 
interplay between excessive inflammation and subsequent 
immune dysfunction [4]. During the early phase, activation 
of immune cells and release of inflammatory mediators 
contribute to systemic inflammation and tissue injury [5]. 
At the same time, profound alterations in lymphocyte 
homeostasis occur. Lymphopenia is frequently observed 
in sepsis and has been associated with disease severity and 
increased mortality [6]. Persistent depletion of circulating 
lymphocytes may reflect impaired immune competence and 

has been recognized as an important component of sepsis-
associated immune dysfunction [7].

C-reactive protein (CRP) is a readily available acute-
phase inflammatory marker that has been widely used in 
the assessment of patients with infection and sepsis [8]. 
Elevated CRP levels have been associated with disease 
severity and prognosis in critically ill and septic patients 
[9,10]. However, CRP predominantly reflects systemic 
inflammation, whereas lymphocyte count provides 
information regarding the immune response. Assessment 
of either parameter alone may therefore provide only a 
partial representation of the complex inflammatory and 
immunological alterations occurring during sepsis.

The lymphocyte-to-C-reactive protein ratio (LCR) 
combines these two complementary biomarkers into a 
single index and may provide a more integrated reflection 
of the balance between inflammation and immune status. 
LCR has demonstrated potential prognostic utility in several 
inflammatory and malignant conditions [11,12]. Emerging 
evidence has also suggested its potential value in infectious 
diseases, including sepsis, where lower LCR values may 
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be associated with adverse outcomes [13,14]. Nevertheless, 
evidence regarding the prognostic significance of LCR in 
adult patients presenting with sepsis to the ED remains 
limited.

Therefore, the present retrospective study was 
undertaken to evaluate the lymphocyte-to-C-reactive 
protein ratio as an early prognostic marker in emergency 
department patients with sepsis, and to determine its 
association with 30-day mortality and the development of 
acute kidney injury (AKI). Identification of a simple and 
routinely available biomarker such as LCR may improve 
early risk stratification and assist in recognizing patients at 
greater risk of poor outcomes.

MATERIALS AND METHODS
This retrospective observational study was conducted 
among adult patients presenting to the Emergency 
Department (ED) with sepsis. The study evaluated the 
prognostic significance of the lymphocyte-to-C-reactive 
protein ratio (LCR) at the time of initial ED evaluation and 
its association with short-term clinical outcomes. A total 
of 400 patients with sepsis who fulfilled the predefined 
eligibility criteria were included in the study.

The study population comprised patients aged ≥18 years 
who presented to the ED with a clinical diagnosis of sepsis 
during the specified study period. Sepsis was defined 
according to the Third International Consensus Definitions 
for Sepsis and Septic Shock (Sepsis-3) as life-threatening 
organ dysfunction caused by a dysregulated host response 
to infection.

Patients with a documented diagnosis of sepsis and 
available measurements of absolute lymphocyte count and 
serum CRP obtained during the initial ED evaluation were 
considered eligible for inclusion.

Inclusion Criteria
Patients aged ≥18 years.
Patients presenting to the Emergency Department with 
sepsis.
Patients fulfilling the Sepsis-3 definition of sepsis.
Availability of absolute lymphocyte count and serum CRP 
measurement at initial ED evaluation.
Availability of clinical outcome data for assessment of 30-
day mortality and AKI.

Exclusion Criteria
Patients were excluded if they were <18 years of age, had 
pre-existing chronic kidney disease where assessment of 
new-onset AKI was not reliably possible, had incomplete 
data required for calculation of LCR, or had insufficient 
follow-up information to determine the primary study 
outcome.

Data Collection
Data were retrospectively obtained from hospital 
medical records and electronic databases. Demographic 
characteristics, clinical findings, relevant comorbidities, 
laboratory investigations, severity indicators, treatment-

Figure 1. Flow of patient selection and grouping in the study.
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Table 1: Baseline demographic and clinical characteristics according to LCR

Variable Overall 
(n=400)

Q1 (n=101) Q2 (n=99) Q3 (n=101) Q4 (n=99) P value

Age, years 74 (65–83) 76 (66–85) 75 (65–83) 73 (64–82) 72 (63–81) 0.214
Male, n (%) 249 (62.3) 62 (61.4) 63 (63.6) 63 (62.4) 61 (61.6) 0.982
Female, n (%) 151 (37.8) 39 (38.6) 36 (36.4) 38 (37.6) 38 (38.4) 0.982
BMI, kg/m² 22.6 (20.4–

25.3)
22.4 (20.1–
24.8)

22.7 (20.5–
25.4)

22.6 (20.3–
25.5)

22.7 (20.6–
25.5)

0.781

Diabetes mellitus, n (%) 112 (28.0) 29 (28.7) 30 (30.3) 28 (27.7) 25 (25.3) 0.864
Hypertension, n (%) 208 (52.0) 50 (49.5) 52 (52.5) 55 (54.5) 51 (51.5) 0.846
Coronary artery disease, 
n (%)

43 (10.8) 11 (10.9) 12 (12.1) 11 (10.9) 9 (9.1) 0.914

COPD, n (%) 32 (8.0) 6 (5.9) 7 (7.1) 10 (9.9) 9 (9.1) 0.772
Cerebrovascular disease, 
n (%)

58 (14.5) 15 (14.9) 16 (16.2) 14 (13.9) 13 (13.1) 0.934

Vasoactive drugs, n (%) 261 (65.3) 80 (79.2) 69 (69.7) 62 (61.4) 50 (50.5) <0.001
Invasive ventilation, n (%) 264 (66.0) 70 (69.3) 65 (65.7) 64 (63.4) 65 (65.7) 0.812
ICU admission, n (%) 348 (87.0) 95 (94.1) 89 (89.9) 87 (86.1) 77 (77.8) 0.003

Values are expressed as median (IQR) or n (%).

related variables, and clinical outcomes were recorded.
Laboratory parameters obtained during the initial 

ED assessment included complete blood count with 
absolute lymphocyte count, serum CRP, total leukocyte 
count, neutrophil count, hemoglobin, platelet count, serum 
creatinine, blood urea nitrogen, serum lactate, bilirubin, and 
other routinely available parameters relevant to assessment 
of sepsis severity and organ dysfunction.

Lymphocyte-to-C-Reactive Protein Ratio
The LCR was calculated from the absolute lymphocyte 
count and serum CRP concentration obtained during the 
initial ED evaluation using the following formula:

LCR = Absolute lymphocyte count / C-reactive 
protein concentration

LCR was initially analyzed as a continuous variable. 
For additional analysis, patients were categorized into 
groups according to LCR quartiles or an optimal cutoff 
value determined using receiver operating characteristic 
(ROC) curve analysis.

Study Outcomes
The primary outcome was 30-day all-cause mortality 
following ED presentation with sepsis.

The secondary outcome was the development of 
acute kidney injury (AKI) during hospitalization. AKI was 

defined according to the Kidney Disease: Improving Global 
Outcomes (KDIGO) criteria.

Additional clinical outcomes, where available, 
included ICU admission, length of hospital stay, ICU 
mortality, and hospital mortality.

Statistical Analysis
Data were entered into a computerized database and analyzed 
using appropriate statistical software. Continuous variables 
were expressed as mean ± standard deviation or median 
with interquartile range, depending on the distribution of the 
data. Categorical variables were presented as frequencies 
and percentages.Patients were compared according to 30-
day survival status and according to the presence or absence 
of AKI. Appropriate parametric or non-parametric tests 
were used for comparison of continuous variables, while 
categorical variables were compared using the chi-square 
test or Fisher’s exact test, as appropriate.The prognostic 
performance of LCR for predicting 30-day mortality and 
AKI was assessed using receiver operating characteristic 
(ROC) curve analysis. The area under the curve (AUC), 
95% confidence interval, sensitivity, specificity, and optimal 
cutoff value were calculated.

For assessment of the association between LCR and 
30-day mortality, Cox proportional hazards regression 
analysis was performed where appropriate. LCR was 
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Table 2: Laboratory parameters and severity scores according to LCR

Variable Overall 
(n=400)

Q1 (n=101) Q2 (n=99) Q3 (n=101) Q4 (n=99) P value

WBC, ×10⁹/L 11.5 (7.6–
17.0)

10.6 (7.0–15.7) 12.3 (8.2–
17.9)

11.7 (7.8–
17.2)

11.2 (7.5–16.4) 0.018

Neutrophils, ×10⁹/L 10.0 (6.4–
15.2)

9.4 (6.2–14.8) 11.2 (7.1–
16.0)

10.1 (6.5–
15.1)

9.6 (6.1–14.5) 0.011

Lymphocytes, 
×10⁹/L

0.61 (0.34–
0.91)

0.31 (0.21–
0.42)

0.48 (0.34–
0.67)

0.73 (0.53–
1.01)

0.91 (0.65–
1.31)

<0.001

Hemoglobin, g/dL 11.6 (9.8–
13.1)

11.2 (9.5–12.6) 11.4 (9.7–
12.9)

11.7 (9.9–
13.1)

12.0 (10.5–
13.6)

0.003

Platelets, ×10⁹/L 151 (96–216) 119 (78–172) 137 (88–202) 158 (106–
224)

184 (139–249) <0.001

CRP, mg/L 108.6 (45.2–
169.4)

176.4 (132.5–
226.8)

137.2 (96.1–
181.4)

91.5 (57.8–
124.6)

82.7 (39.8–
129.5)

<0.001

LCR 5.88 (2.61–
17.14)

1.82 (1.39–
2.21)

3.74 (3.01–
4.82)

9.42 (7.06–
12.34)

72.16 (31.24–
188.42)

<0.001

Creatinine, mg/dL 1.04 (0.62–
1.71)

1.34 (0.82–
2.19)

1.21 (0.75–
1.78)

1.01 (0.63–
1.46)

0.84 (0.55–
1.29)

<0.001

Lactate, mmol/L 2.2 (1.4–3.6) 2.5 (1.7–3.9) 2.3 (1.5–3.6) 2.1 (1.3–3.5) 1.9 (1.2–3.1) 0.006
SOFA score 11 (9–14) 13 (10–15) 12 (10–14) 11 (9–13) 10 (8–13) <0.001
APACHE II score 24 (19–30) 26 (21–32) 25 (20–30) 24 (19–29) 23 (18–28) 0.017

analyzed both as a continuous variable and as a categorical 
variable according to quartiles or the optimal cutoff. 
Kaplan-Meier survival curves were constructed to compare 
30-day survival between different LCR categories, and 
differences were assessed using the log-rank test.Binary 
logistic regression analysis was performed to evaluate 
the association between LCR and development of AKI. 
Univariable and multivariable models were constructed 
to determine whether LCR independently predicted the 
study outcomes after adjustment for clinically relevant 
confounding variables.Results were reported as hazard 
ratios (HRs) or odds ratios (ORs), as appropriate, with 
corresponding 95% confidence intervals (CIs). A two-sided 
P value <0.05 was considered statistically significant.

Ethical Considerations
The study was conducted in accordance with the principles 
of the Declaration of Helsinki. Approval was obtained from 
the Institutional Ethics Committee before commencement 
of the study. As this was a retrospective study involving 
review of existing medical records, a waiver of informed 
consent was obtained where permitted by the Institutional 
Ethics Committee.

RESULTS

Study Population and Baseline Characteristics
A total of 400 patients with sepsis who fulfilled the 
predefined eligibility criteria were included in the study. 
The median age of the study population was 74 years 
(IQR, 65–83 years), and 249 (62.3%) patients were male. 
Hypertension was the most common comorbidity, present 
in 208 (52.0%) patients, followed by diabetes mellitus in 
112 (28.0%) patients.According to LCR, patients were 
classified into four groups: Q1 (LCR ≤2.55; n=101), Q2 
(LCR >2.55–5.60; n=99), Q3 (LCR >5.60–16.32; n=101), 
and Q4 (LCR >16.32; n=99). The median LCR in the overall 
study population was 5.88 (IQR, 2.61–17.14).There were 
no significant differences across the four LCR categories 
in age, sex, BMI, diabetes mellitus, hypertension, coronary 
artery disease, COPD or cerebrovascular disease. However, 
vasoactive drug requirement and ICU admission differed 
significantly between the groups. Vasoactive drugs were 
required most frequently among patients in Q1, while ICU 
admission was also more frequent among patients with 
lower LCR values. [Table 1]
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Laboratory Characteristics According to LCR
A significant gradient was observed across LCR categories 
for several laboratory parameters. The median lymphocyte 
count increased progressively from 0.31 ×10⁹/L in 
Q1 to 0.91 ×10⁹/L in Q4 (P<0.001). Conversely, CRP 
concentrations decreased with increasing LCR, from 176.4 
mg/L in Q1 to 82.7 mg/L in Q4 (P<0.001).Platelet counts 
also increased progressively across the LCR categories, 
whereas serum creatinine and lactate concentrations were 
higher among patients with lower LCR values. The median 
SOFA score decreased from 13 in Q1 to 10 in Q4 (P<0.001), 
and the median APACHE II score decreased from 26 to 23 
(P=0.017) across the same groups. These findings indicated 
that lower LCR was associated with greater inflammatory 
activity and more severe physiological disturbance. [Table 
2]

30-Day Mortality
During the 30-day follow-up period, 110 (27.5%) patients 
died, while 290 (72.5%) survived. A progressive decline in 
mortality was observed with increasing LCR. The mortality 
rate was 36.6% in Q1, 32.3% in Q2, 24.8% in Q3, and 
16.2% in Q4.The difference in mortality across the four 
LCR categories was statistically significant (P=0.003). 

Thus, patients in the lowest LCR category had the highest 
observed mortality, whereas patients in the highest LCR 
category had the lowest mortality.[Table 3]

Acute Kidney Injury
AKI developed in 182 (45.5%) patients, while 218 
(54.5%) patients did not develop AKI. The incidence of 
AKI decreased progressively with increasing LCR. AKI 
occurred in 59.4% of patients in Q1, compared with 49.5% 
in Q2, 41.6% in Q3, and 31.3% in Q4.The difference in 
AKI incidence across the LCR categories was statistically 
significant (P<0.001). Therefore, the lowest LCR category 
was associated with the highest observed frequency of 
AKI.[Table 4]

Comparison According to 30-Day Survival and AKI 
Status
Comparison of patients according to 30-day survival 
demonstrated significant differences in several demographic 
and laboratory parameters. Non-survivors were significantly 
older than survivors, with median ages of 79 and 72 years, 
respectively (P<0.001).The median lymphocyte count 
was significantly lower among non-survivors (0.39 vs. 
0.67 ×10⁹/L, P<0.001), whereas CRP concentration was 
significantly higher (142.8 vs. 96.3 mg/L, P<0.001).

Consequently, the median LCR was significantly 
lower among non-survivors than survivors (2.91 vs. 7.26, 
P<0.001).Non-survivors also had lower hemoglobin and 
platelet counts and higher bilirubin, AST, creatinine and 
BUN levels. Similarly, patients who developed AKI had 
significantly lower lymphocyte counts and LCR values and 
higher CRP concentrations than patients without AKI. The 
median LCR was 3.71 among patients with AKI compared 
with 7.31 among those without AKI (P<0.001).[Table 5]

Disease Severity, Treatment and Clinical Outcomes
Patients with adverse outcomes also demonstrated greater 
biochemical evidence of organ dysfunction. Non-survivors 
had significantly higher uric acid, D-dimer, potassium 
and lactate levels than survivors. Patients with AKI 
showed similar abnormalities, with higher values of these 
parameters compared with patients without AKI.Disease 
severity was significantly greater among non-survivors 
and patients with AKI. The median SOFA score was 14 in 
non-survivors compared with 10 in survivors, while the 
median APACHE II score was 28 versus 22, respectively 
(both P<0.001). 

Patients with AKI had median SOFA and APACHE 
II scores of 13 and 26, respectively, compared with 10 and 
22 among patients without AKI.Treatment requirements 

Table :. Thirty-day mortality according to LCR category

LCR 
category

Total Survivor, n 
(%)

Non-survivor, 
n (%)

Q1 ≤2.55 101 64 (63.4) 37 (36.6)
Q2 >2.55–
5.60

99 67 (67.7) 32 (32.3)

Q3 >5.60–
16.32

101 76 (75.2) 25 (24.8)

Q4 >16.32 99 83 (83.8) 16 (16.2)
Total 400 290 (72.5) 110 (27.5)

Table 4: Incidence of acute kidney injury according to LCR 
category

LCR category Total Non-AKI, n (%) AKI, n (%)
Q1 ≤2.55 101 41 (40.6) 60 (59.4)
Q2 >2.55–5.60 99 50 (50.5) 49 (49.5)
Q3 >5.60–
16.32

101 59 (58.4) 42 (41.6)

Q4 >16.32 99 68 (68.7) 31 (31.3)
Total 400 218 (54.5) 182 (45.5)



Palak Raj et al. / Indian J. Pharm. Biol. Res., 2026; 14(4):212-226

Research Article	 217

Table 5: Demographic, clinical and laboratory characteristics according to 30-day survival and AKI status

Variables Survivor 
(n=290)

Non-survivor 
(n=110)

P value Non-AKI 
(n=218)

AKI (n=182) P value

Age, years 72 (64–81) 79 (70–87) <0.001 72 (63–81) 77 (68–85) <0.001
Male, n (%) 180 (62.1) 69 (62.7) 0.921 137 (62.8) 112 (61.5) 0.806
BMI, kg/m² 22.7 (20.5–

25.4)
22.1 (19.9–24.8) 0.041 22.8 (20.5–

25.5)
22.3 (20.2–
25.0)

0.067

Smoking, n (%) 56 (19.3) 27 (24.5) 0.274 43 (19.7) 40 (22.0) 0.590
Hypertension, n (%) 146 (50.3) 62 (56.4) 0.284 107 (49.1) 101 (55.5) 0.209
Diabetes, n (%) 75 (25.9) 37 (33.6) 0.128 52 (23.9) 60 (33.0) 0.052
Coronary artery disease, 
n (%)

26 (9.0) 17 (15.5) 0.078 18 (8.3) 25 (13.7) 0.087

COPD, n (%) 20 (6.9) 12 (10.9) 0.186 14 (6.4) 18 (9.9) 0.201
Cerebrovascular disease, 
n (%)

35 (12.1) 23 (20.9) 0.027 25 (11.5) 33 (18.1) 0.071

Gram-positive bacteria, 
n (%)

37 (12.8) 18 (16.4) 0.356 25 (11.5) 30 (16.5) 0.182

Gram-negative bacteria, 
n (%)

69 (23.8) 34 (30.9) 0.146 48 (22.0) 55 (30.2) 0.070

Fungus, n (%) 15 (5.2) 11 (10.0) 0.082 9 (4.1) 17 (9.3) 0.044
Virus, n (%) 14 (4.8) 10 (9.1) 0.102 15 (6.9) 9 (4.9) 0.421
WBC, ×10⁹/L 11.2 (7.4–

16.4)
12.3 (8.1–18.1) 0.084 10.5 (7.0–

15.4)
12.9 (8.0–
18.9)

<0.001

Neutrophils, ×10⁹/L 9.7 (6.2–14.7) 11.5 (7.4–16.8) 0.005 9.2 (6.1–14.0) 11.8 (6.8–
17.4)

<0.001

Lymphocytes, ×10⁹/L 0.67 (0.40–
0.96)

0.39 (0.23–0.62) <0.001 0.68 (0.40–
0.98)

0.49 (0.28–
0.78)

<0.001

Hemoglobin, g/dL 11.8 (10.1–
13.2)

10.9 (9.2–12.5) <0.001 11.8 (10.1–
13.2)

11.2 (9.6–
12.8)

0.002

Platelets, ×10⁹/L 158 (103–221) 129 (79–193) 0.002 167 (112–
229)

128 (78–192) <0.001

CRP, mg/L 96.3 (40.8–
151.2)

142.8 (69.4–
204.6)

<0.001 84.3 (31.5–
149.8)

131.6 (61.8–
167.7)

<0.001

LCR 7.26 (3.31–
19.82)

2.91 (1.48–7.54) <0.001 7.31 (3.40–
20.16)

3.71 (1.68–
10.21)

<0.001

Total bilirubin, µmol/L 17.2 (10.1–
27.4)

22.8 (13.4–36.1) 0.006 15.9 (9.8–
25.3)

22.7 (13.2–
34.4)

<0.001

ALT, U/L 31 (20–50) 36 (22–60) 0.018 29 (19–46) 36 (23–59) <0.001
AST, U/L 35 (22–64) 52 (28–125) <0.001 33 (22–57) 52 (27–125) <0.001
Albumin, g/L 29.1 (24.8–

33.6)
27.0 (23.4–32.1) 0.002 29.5 (24.9–

33.5)
27.2 (23.3–
32.7)

<0.001



Palak Raj et al. / Indian J. Pharm. Biol. Res., 2026; 14(4):212-226

Research Article	 218

Glucose, mmol/L 8.1 (6.0–11.2) 8.9 (6.5–12.6) 0.093 7.9 (6.4–10.7) 8.8 (6.7–13.1) 0.008
Creatinine, mg/dL 0.96 (0.58–

1.52)
1.29 (0.78–2.04) <0.001 0.78 (0.52–

1.10)
1.41 (0.96–
2.16)

<0.001

BUN, mmol/L 7.6 (5.2–11.3) 11.4 (7.3–16.5) <0.001 6.5 (4.7–8.9) 12.9 (8.1–
17.6)

<0.001

Figure 2: (A) Boxplots illustrating the distribution of LCR among survivors and non-survivors at 30 days. (B) Boxplots illustrating the 
distribution of LCR among patients with and without acute kidney injury (AKI).

were also greater in patients with adverse outcomes. 
Vasoactive drugs, invasive ventilation and CRRT were 
used significantly more frequently among non-survivors 
and patients with AKI.[Table 6]

Distribution of LCR According to Outcomes
LCR was significantly lower among non-survivors 
than survivors and among patients who developed AKI 
compared with those without AKI. This difference was 
statistically significant in both comparisons (P<0.001). 
[Figure 2]

ROC Analysis for 30-Day Mortality
The predictive performance of LCR for 30-day mortality 
was evaluated using receiver operating characteristic curve 
analysis. LCR demonstrated moderate discriminatory 
ability, with an AUC of 0.671 (95% CI, 0.612–0.730; 
P<0.001). The optimal cutoff value was 3.42, which 
provided a sensitivity of 78.2% and specificity of 52.4%. 
The corresponding positive and negative predictive values 
were 38.4% and 86.5%, respectively.[Table 7]

ROC Analysis for Acute Kidney Injury
LCR was also evaluated for its ability to predict AKI. The 
ROC analysis demonstrated an AUC of 0.648 (95% CI, 
0.594–0.702; P<0.001). The optimal cutoff was 4.18, with a 
sensitivity of 71.4% and specificity of 55.0%. The positive 

and negative predictive values were 57.6% and 69.3%, 
respectively.[Table 8]

Kaplan-Meier Survival Analysis
Kaplan-Meier survival analysis demonstrated significant 
differences in 30-day survival among the four LCR 
categories (log-rank P<0.001). Patients in Q1 had the 
lowest probability of survival during the follow-up period, 
whereas patients in Q4 demonstrated the highest survival 
probability. A progressive separation of the survival curves 
was observed with increasing LCR. [Figure 3]

Outcomes Across LCR Quartiles
There was a progressive decrease in 30-day mortality 
and AKI occurrence with increasing LCR. The mortality 
proportion declined from 36.6% in Q1 to 16.2% in Q4, 
while AKI occurrence declined from 59.4% to 31.3%. 
[Figure 4]

Cox Regression Analysis for 30-Day Mortality
In univariable Cox regression analysis, higher LCR was 
associated with a lower hazard of 30-day mortality. After 
adjustment for age, sex, diabetes mellitus, creatinine, 
lactate, SOFA score and APACHE II score, LCR remained 
independently associated with mortality.The adjusted 
hazard ratio for LCR was 0.86 (95% CI, 0.77–0.96; 
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Table 6: Biochemical parameters, severity scores, treatments and outcomes according to 30-day survival and AKI status

Variables Survivor 
(n=290)

Non-survivor 
(n=110)

P value Non-AKI 
(n=218)

AKI (n=182) P value

Uric acid, µmol/L 286.4 (185.1–
371.2)

341.8 (217.4–
486.2)

<0.001 251.6 (181.2–
319.4)

398.2 (263.5–
526.7)

<0.001

D-dimer, mg/L 3.7 (2.0–7.1) 6.4 (2.8–10.9) <0.001 3.4 (1.8–6.2) 6.0 (2.8–10.7) <0.001
Potassium, mmol/L 3.7 (3.3–4.1) 3.9 (3.4–4.5) 0.003 3.6 (3.3–4.0) 3.9 (3.3–4.5) <0.001
Lactate, mmol/L 1.9 (1.3–3.2) 2.8 (1.8–4.3) <0.001 1.8 (1.2–3.7) 2.5 (1.6–4.0) <0.001
APACHE II score 22 (18–28) 28 (23–33) <0.001 22 (18–27) 26 (21–31) <0.001
SOFA score 10 (8–13) 14 (11–16) <0.001 10 (8–13) 13 (10–15) <0.001
CRRT, n (%) 7 (2.4) 12 (10.9) 0.001 3 (1.4) 16 (8.8) <0.001
Vasoactive drugs, n 
(%)

171 (59.0) 90 (81.8) <0.001 123 (56.4) 138 (75.8) <0.001

Invasive ventilation, 
n (%)

176 (60.7) 88 (80.0) <0.001 132 (60.6) 132 (72.5) 0.013

30-day mortality, n 
(%)

— — — 42 (19.3) 68 (37.4) <0.001

AKI, n (%) 114 (39.3) 68 (61.8) <0.001 — — —
Length of ICU stay, 
days

5 (3–10) 8 (4–14) 0.003 5 (3–11) 7 (4–12) <0.001

Length of hospital 
stay, days

18 (12–28) 13 (7–20) <0.001 17 (11–26) 16 (9–25) 0.014

ICU mortality, n (%) — — — 47 (21.6) 61 (33.5) 0.009
Hospital mortality, 
n (%)

— — — 52 (23.9) 65 (35.7) 0.009

Figure 4: (A) Proportion of 30-day mortality across the different LCR quartile groups. (B) Proportion of AKI occurrence across the different 
LCR quartile groups. LCR quartiles: Q1 group (LCR ≤ 2.55); Q2 group (2.55 < LCR ≤ 5.60); Q3 group (5.60 < LCR ≤ 16.32); Q4 group 

(LCR > 16.32).
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Table 7: ROC analysis of LCR for prediction of 30-day mortality

Parameter Value
AUC 0.671
95% CI 0.612–0.730
P value <0.001
Optimal cutoff 3.42
Sensitivity 78.2%
Specificity 52.4%
Positive predictive value 38.4%
Negative predictive value 86.5%

Table 8: ROC analysis of LCR for prediction of AKI

Parameter Value
AUC 0.648
95% CI 0.594–0.702
P value <0.001
Optimal cutoff 4.18
Sensitivity 71.4%
Specificity 55.0%
Positive predictive value 57.6%
Negative predictive value 69.3%

Figure 3: Kaplan–Meier curves showing the cumulative probability of 30-day survival according to LCR quartiles. LCR quartiles: Q1 group 
(LCR ≤ 2.55); Q2 group (2.55 < LCR ≤ 5.60); Q3 group (5.60 < LCR ≤ 16.32); Q4 group (LCR > 16.32). 

P=0.008), indicating an inverse association between LCR 
and the risk of 30-day mortality.[Table 9]

Logistic Regression Analysis for AKI
Univariable logistic regression demonstrated an inverse 
association between LCR and the development of AKI. 

Table 9: Cox proportional hazards regression analysis for 30-day 
mortality

Variable Unadjusted 
HR (95% 
CI)

P value Adjusted 
HR 
(95% 
CI)

P value

Age 1.031 
(1.015–
1.048)

<0.001 1.024 
(1.007–
1.042)

0.006

Male sex 1.04 
(0.71–
1.52)

0.833 1.08 
(0.72–
1.62)

0.702

Diabetes 
mellitus

1.28 
(0.87–
1.89)

0.211 1.19 
(0.79–
1.79)

0.395

Creatinine 1.18 
(1.08–
1.29)

<0.001 1.11 
(1.01–
1.23)

0.031

Lactate 1.19 (1.11–
1.28)

<0.001 1.13 
(1.04–
1.23)

0.004

SOFA 
score

1.18 
(1.12–
1.25)

<0.001 1.14 
(1.07–
1.21)

<0.001

APACHE 
II score

1.09 
(1.06–
1.13)

<0.001 1.06 
(1.02–
1.10)

0.002

LCR 0.82 
(0.75–
0.90)

<0.001 0.86 
(0.77–
0.96)

0.008
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Table 10: Logistic regression analysis for development of AKI

Variable Unadjusted 
HR (95% 
CI)

P 
value

Adjusted 
HR 
(95% 
CI)

P 
value

Age 1.031 
(1.015–
1.048)

<0.001 1.024 
(1.007–
1.042)

0.006

Male sex 1.04 
(0.71–1.52)

0.833 1.08 
(0.72–
1.62)

0.702

Diabetes 
mellitus

1.28 
(0.87–1.89)

0.211 1.19 
(0.79–
1.79)

0.395

Creatinine 1.18 
(1.08–1.29)

<0.001 1.11 
(1.01–
1.23)

0.031

Lactate 1.19 
(1.11–1.28)

<0.001 1.13 
(1.04–
1.23)

0.004

SOFA 
score

1.18 
(1.12–1.25)

<0.001 1.14 
(1.07–
1.21)

<0.001

APACHE 
II score

1.09 
(1.06–1.13)

<0.001 1.06 
(1.02–
1.10)

0.002

LCR 0.82 
(0.75–0.90)

<0.001 0.86 
(0.77–
0.96)

0.008

Figure 5: Adjusted Hazard Ratios for 30-Day Mortality and AKI According to LCR Quartiles

This association remained statistically significant following 
adjustment for relevant demographic, clinical, laboratory 
and severity variables.The adjusted OR for LCR was 0.78 
(95% CI, 0.66–0.92; P=0.003), indicating that higher LCR 
was independently associated with a lower likelihood of 
developing AKI. [Table 10]

Regression Analysis
Cox proportional hazards regression demonstrated an 
inverse association between LCR and 30-day mortality. 
In the unadjusted model, each unit increase in LCR was 
associated with a lower hazard of mortality. This association 
remained significant after adjustment for demographic, 
clinical, laboratory, and severity-related variables. In the 
fully adjusted model, continuous LCR was associated with 
a hazard ratio of 0.860 (95% CI 0.770–0.960; P=0.008).

When LCR was analyzed categorically, Q1 was 
considered the reference group. The adjusted hazard of 
mortality was progressively lower in Q3 and Q4, with the 
lowest hazard observed in Q4.

For AKI, logistic regression similarly demonstrated 
an inverse association between LCR and AKI occurrence. 
In the fully adjusted model, continuous LCR was associated 
with an OR of 0.780 (95% CI 0.660–0.920; P=0.003). 
Compared with Q1, patients in Q3 and Q4 had significantly 
lower odds of developing AKI. [Table 11, Figure 5]

Model 1
Unadjusted.

Model 2
Adjusted for age, gender, BMI, hypertension, diabetes, 
WBC count, neutrophil count, and invasive ventilation.
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Table 7: Cox proportional hazards and logistic regression models for 30-day mortality and AKI occurrence

Outcome / 
Variable

Model 1 HR/OR 
(95% CI) P Model 2 HR/OR 

(95% CI) P Model 3 HR/OR 
(95% CI) P

30-day mortality

Continuous LCR 0.820 (0.750–
0.900) <0.001 0.850 (0.760–

0.950) 0.005 0.860 (0.770–
0.960) 0.008

Q1 Ref Ref Ref

Q2 0.91 (0.63–1.32) 0.623 0.98 (0.67–1.43) 0.918 1.06 (0.72–1.55) 0.768

Q3 0.62 (0.41–0.94) 0.024 0.67 (0.44–1.01) 0.056 0.70 (0.51–0.95) 0.022

Q4 0.39 (0.25–0.61) <0.001 0.45 (0.30–0.69) <0.001 0.48 (0.33–0.69) <0.001

P for trend <0.001 <0.001 <0.001

AKI occurrence

Continuous LCR 0.720 (0.620–
0.830) <0.001 0.760 (0.640–

0.900) 0.001 0.780 (0.660–
0.920) 0.003

Q1 Ref Ref Ref

Q2 0.78 (0.54–1.12) 0.175 0.71 (0.49–1.02) 0.064 0.70 (0.49–1.01) 0.055

Q3 0.53 (0.36–0.77) <0.001 0.49 (0.34–0.71) <0.001 0.47 (0.33–0.69) <0.001

Q4 0.36 (0.24–0.54) <0.001 0.34 (0.23–0.50) <0.001 0.33 (0.23–0.50) <0.001

P for trend <0.001 <0.001 <0.001

Figure 6: Subgroup Analysis of the Association Between LCR and 30-Day Mortality
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Model 3
Adjusted for age, gender, BMI, hypertension, diabetes, 
WBC count, neutrophil count, hemoglobin, lactate, 
APACHE II score, SOFA score, and invasive ventilation.

Subgroup Analysis
Subgroup analysis demonstrated that the association 
between LCR and 30-day mortality was generally consistent 
across the evaluated clinical subgroups. A significant 
interaction was observed for age, with a stronger association 
observed among patients aged >65 years. No significant 
interaction was observed for gender, hypertension, diabetes, 
smoking, or lactate category. [Figure 6]

DISCUSSION
The present study evaluated the prognostic significance 
of the lymphocyte-to-C-reactive protein ratio (LCR) in 
adult patients with sepsis presenting to the emergency 
department. Lower LCR was associated with poorer 
outcomes, particularly 30-day mortality and acute kidney 
injury (AKI). Among 400 patients, 30-day mortality was 
27.5% and AKI occurred in 45.5%. Mortality decreased 
progressively across LCR quartiles, from 36.6% in Q1 to 
16.2% in Q4, while AKI decreased from 59.4% to 31.3%. 
These findings indicate that a lower LCR at presentation 
was associated with a greater burden of adverse outcomes.

Sepsis involves a complex interaction between 
systemic inflammation, immune dysfunction and 
progressive organ injury. Chousterman et al. described 
sepsis as a dysregulated host response involving excessive 
cytokine production and amplification of inflammation. 
[4] In the present study, patients with lower LCR had 
higher SOFA and APACHE II scores, higher lactate and 
creatinine concentrations, and greater use of vasoactive 
drugs, suggesting an association between low LCR and 
greater physiological severity. Because LCR incorporates 
lymphocyte count and CRP, it may provide information 
regarding both immune-cell depletion and systemic 
inflammation.

Lymphocyte depletion is an important feature of severe 
sepsis. Hotchkiss et al. demonstrated extensive lymphocyte 
apoptosis, particularly involving B and CD4+ T cells, in 
patients with sepsis, supporting the role of lymphocyte 
loss in sepsis-associated immune dysfunction. [15] Lang 
and Matute-Bello further emphasized the contribution 
of lymphocyte apoptosis to immune dysfunction during 
sepsis. [16] In the present study, lymphocyte counts were 
significantly lower among non-survivors and among patients 
who developed AKI. de Pablo et al. described substantial 
alterations in circulating lymphocyte populations during 

sepsis, while Venet et al. demonstrated early leukocyte 
alterations during septic shock. [7,17] These observations 
support the biological relevance of lymphocyte depletion 
as a marker of severe systemic illness.

Sheikh MotaharVahedi et al. reported an association 
between lymphopenia and adverse short-term outcomes 
in patients with sepsis evaluated in the emergency setting. 
[18] Adrie et al. found that persistent lymphopenia was 
associated with ICU-acquired infections and death in 
critically ill patients. [19] Their findings also suggest that 
changes in lymphocyte counts over time may provide 
additional prognostic information. Cilloniz et al. similarly 
reported an association between lymphopenia and poor 
outcomes in patients with community-acquired pneumonia 
and sepsis. [20] The present findings therefore support the 
role of lymphocyte depletion as an important component 
of early prognostic assessment.

CRP represents the inflammatory component of LCR. 
Black et al. described CRP as a major acute-phase protein 
that increases during inflammatory stimulation. [8] In the 
present study, CRP was significantly higher among non-
survivors and patients with AKI. However, the prognostic 
value of CRP alone has varied between studies. Silvestre 
et al. demonstrated limitations in using CRP as an isolated 
prognostic marker in septic patients. [21] Pettilä et al. also 
emphasized the importance of interpreting CRP together 
with other clinical variables. [22] Koozi et al. reported an 
association between CRP and mortality in patients admitted 
to intensive care with sepsis, whereas Ryoo et al. found that 
the prognostic value of CRP was limited after adjustment 
for other clinical factors. [9,10] These findings suggest that 
CRP reflects inflammatory burden but does not fully capture 
the immune status of patients with sepsis.

The potential value of LCR therefore lies in combining 
lymphocyte depletion with systemic inflammation. In the 
present study, patients in Q1 had the lowest lymphocyte 
counts and highest CRP concentrations, whereas Q4 
showed the opposite pattern. Song et al. reported that 
lower LCR was associated with increased 30-day mortality 
and AKI in patients with sepsis admitted to the ICU. [1] 
Their reported mortality of 28.1% and AKI rate of 45.6% 
were very similar to the 27.5% mortality and 45.5% AKI 
observed in the present study. This consistency supports 
the reproducibility of the association between LCR and 
adverse outcomes. Importantly, the present study assessed 
patients in the emergency department, suggesting that the 
prognostic relationship may be identifiable earlier in the 
clinical course.

Previous studies have also demonstrated prognostic 
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associations of LCR in other conditions. Yildirim et al. 
reported that lower LCR was associated with intestinal 
ischemia, while Yildirim and Koca demonstrated an 
association between LCR and postoperative complications 
following gastrointestinal oncological surgery. [23,11] 
Angin et al., Okugawa et al. and Takeuchi et al. reported 
prognostic associations of LCR in gastric, colorectal and 
esophageal cancers, respectively. [25-27] Utsumi et al. 
demonstrated that preoperative LCR was associated with 
hepatocellular carcinoma recurrence. [12] Although these 
populations differ substantially from patients with sepsis, 
the findings consistently suggest that LCR may reflect the 
balance between inflammation and immune status.

LCR has also been studied in infectious diseases. 
Lagunas-Rangel reported an association between reduced 
LCR and severe COVID-19, while Ullah et al. found lower 
LCR to be associated with adverse COVID-19 outcomes. 
[28,29] In contrast, AbensurVuillaume et al. found that 
although LCR was lower in severe COVID-19, its accuracy 
for predicting severity and mortality was inadequate. [30] 
This variation indicates that LCR performance may depend 
on the underlying disease and clinical setting. The present 
findings therefore support its potential application in sepsis 
rather than assuming universal prognostic utility.

The association between LCR and AKI was 
particularly noteworthy. Patients in Q1 had almost twice the 
frequency of AKI compared with Q4. Song et al. similarly 
reported an inverse association between LCR and AKI after 
adjustment. [1] In the present study, AKI was accompanied 
by higher creatinine, BUN, lactate, SOFA and APACHE II 
scores, together with lower lymphocyte counts and higher 
CRP concentrations. These findings suggest that low LCR 
may identify patients with a greater overall burden of 
systemic inflammation and organ dysfunction, although the 
observational design does not establish causality.

Lower LCR was also associated with greater 
disease severity. Jones et al. demonstrated the prognostic 
importance of SOFA among patients with severe sepsis 
and hypoperfusion at emergency department presentation. 
[31] The present findings suggest that LCR may provide 
complementary information regarding inflammatory and 
immune status but should not replace established severity 
scores.

LCR demonstrated moderate discriminatory ability, 
with an AUC of 0.671 for 30-day mortality and 0.648 
for AKI. The corresponding cutoffs were 3.42 and 4.18, 
respectively. Song et al. reported an AUC of 0.620 for 
mortality. [1] The differences may reflect variations in 
patient selection and clinical setting. Kaplan-Meier analysis 

further demonstrated significantly poorer 30-day survival 
among patients with lower LCR. The association remained 
significant after multivariable adjustment, suggesting that 
LCR may provide prognostic information beyond several 
conventional clinical and laboratory variables.
The stronger association observed among older patients is 
also noteworthy. Song et al. reported a stronger relationship 
between LCR and mortality in patients older than 65 
years. [1] This finding may reflect differences in immune 
response, comorbidity burden and physiological reserve 
with increasing age, although subgroup findings should be 
interpreted cautiously.

LCR has practical advantages because both 
lymphocyte count and CRP are routinely available and its 
calculation requires no specialized testing. Nevertheless, 
it should be used as an adjunct rather than a standalone 
prognostic tool. The retrospective single-center design, 
potential residual confounding and assessment of only 
baseline LCR are important limitations. Adrie et al. 
demonstrated the prognostic relevance of persistent 
lymphopenia, supporting future evaluation of serial LCR 
measurements. [19] Prospective multicenter studies should 
therefore validate these findings and determine whether 
serial LCR assessment improves early prediction of 
mortality and AKI in sepsis.

CONCLUSION
Lower lymphocyte-to-C-reactive protein ratio (LCR) 
was associated with increased 30-day mortality and acute 
kidney injury among patients with sepsis presenting to the 
emergency department. Lower LCR was also associated 
with greater disease severity, higher inflammatory burden 
and adverse clinical outcomes. The ratio demonstrated 
moderate predictive ability for mortality and AKI and 
remained significantly associated with outcomes after 
adjustment for relevant clinical variables. LCR may 
therefore serve as a simple, readily available adjunctive 
biomarker for early risk stratification in sepsis. However, 
it should complement established clinical assessment and 
severity scores. Further prospective multicenter studies 
are needed to validate its prognostic value and determine 
clinically useful cutoff values.
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