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Background: The D-dimer to lymphocyte ratio (DLR), a novel inflammatory

biomarker, had been shown to be related to adverse outcomes in patients with

various diseases. However, there was limited research on the relationship

between the DLR and adverse outcomes in patients with infectious diseases,

particularly those with sepsis. Therefore, this study aimed to explore the

association between the DLR and in hospital all-cause mortality in elderly

patients with sepsis.

Methods: A total of 1123 patients admitted in intensive care unit (ICU) were

included in this study. The patients were categorized into quartiles (Q1-Q4)

based on their DLR values. The primary outcomes included hospital mortality and

ICU mortality. Kaplan-Meier analysis was conducted to compare all-cause

mortality among the four DLR groups. The association between DLR and all-

cause mortality in patients with sepsis was further elucidated using the receiver

operating characteristic (ROC) curve and Cox proportional hazards

regression analysis.

Results: The study included participants with a median age of 75 (65-84) years,

with 707 (63.0%) being male. The rates of hospital mortality and ICU mortality

were 33.7% and 31.9%, respectively. Kaplan-Meier analysis highlighted a

significantly increased risk of all-cause mortality among patients with elevated

DLR values (log-rank p < 0.001). ROC curve analyses revealed that DLR had a

stronger ability to predict hospital mortality and ICU mortality in patients with

sepsis than D-dimer or Lym. Multivariable Cox proportional hazards analyses

revealed DLR as an independent predictor of hospital death [per 1 SD increase in

DLR: HR (95% CI): 1.098 (1.020-1.181); p = 0.013] and ICU death [per 1 SD

increase in DLR: HR (95% CI): 1.095 (1.017-1.180); p = 0.017] during the

hospital stay.
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Conclusions: A higher DLR value was associated with hospital and ICU all-cause

death in elderly patients with sepsis. This finding demonstrated that the DLR

could be a convenient and useful prognostic marker for sepsis prognosis.
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Introduction

Sepsis, a life-threatening condition characterized by organ

dysfunction resulting from a dysregulated host response to

infection, presented a significant challenge in intensive care unit

(ICU) due to its high morbidity and mortality rates (Singer et al.,

2016). Globally, approximately 30 million individuals were

diagnosed with sepsis annually, with over 5 million succumbing

to the condition (Fleischmann et al., 2016). Sepsis mortality rates

could reach up to 60% in some developing nations, while developed

countries reported rates ranging from 20% to 30% (Fleischmann

et al., 2016; Hotchkiss et al., 2016; Shankar-Hari et al., 2018).

Survivors of sepsis often faced long-term complications, including

heightened long-term mortality, susceptibility to reinfection, and

higher rates of hospital readmission (Prescott et al., 2016). The

rapid progression and high mortality of sepsis contributed to its

substantial socioeconomic burden, posing clinical challenges in its

management (Prescott et al., 2016). To enhance patient outcomes in

sepsis, it was imperative for researchers to identify accurate

predictive factors that can inform therapy decisions. Previous

studies had identified several prognostic factors such as soluble

intercellular adhesion molecule 1 (sICAM-1), High-Mobility Group

Box 1 (HMGB1), Prokineticin 2, Plasminogen Activator Inhibitor-1

(PAI-1), and claudin-5 (CLDN-5) (Hoshino et al., 2017; Brück et al.,

2021; Yu et al., 2022; He et al., 2024). However, most of them were

too expensive to carry out well in clinical practice. Thus, identify

appliable prognostic factors for the sepsis remained challenging.

Although numerous studies had delved into the pathogenesis of

sepsis, the precise mechanism remained unclear (Font et al., 2020;

Liu et al., 2022). After the onset of sepsis, the function of T cells, B

cells, and other immune cells (such as monocytes and

macrophages) gradually declined due to persistent inflammatory

stimulation and the release of cytokines (Kappelmayer et al., 2024).

In this immunosuppressive state, the ability of immune cells to clear

infections diminishes, allowing pathogens to persist and stimulate

the coagulation system (Jacobi, 2022). Additionally, microthrombus

formation caused by coagulopathy could hinder the arrival of

immune cells at the site of infection, further weakening the

immune response (Samuels et al., 2018). There was a complex

interaction between immunosuppression and coagulation

mechanisms in sepsis, with both contributing to disease

progression and deterioration (Ge et al., 2024). Previous research
02
had demonstrated that patients with sepsis experienced various

degrees of coagulation dysfunction (Amaral et al., 2004; Semeraro

et al., 2010). D-dimer, a coagulation factor, significantly increased

during sepsis onset and had been utilized as a marker for sepsis

severity (Han et al., 2021). Most studies suggested that coagulation

activation, as reflected by elevated D-dimer levels, significantly

contributed to the outcome of sepsis (Rodelo et al., 2012).

Lymphocyte, as immune-inflammatory cell, played a crucial role

in reflecting immune ability and inflammatory status (Martıńez-

Lostao et al., 2015). Lymphopenia, a common feature of sepsis-

induced immunosuppression, hindered microbial clearance and

predisposed individuals to serious infections, which were a

leading cause of sepsis-related mortality (Drewry et al., 2014).

Several studies had reported a decrease in peripheral blood

lymphocyte count in sepsis patients, with lymphopenia identified

as a risk factor for poor prognosis in sepsis (Cilloniz et al., 2021).

Notably, the D-dimer to lymphocyte ratio (DLR), a newly

inflammatory composite marker, had exhibited predictive efficacy

in evaluating mortality among patients diagnosed with Coronavirus

Disease 2019 (COVID-19), ST-segment elevation myocardial

infarction (STEMI), acute aortic dissection, and assessing the

likelihood of liver metastasis in colorectal cancer patients (Peng

et al., 2022; Lu et al., 2023; Xu et al., 2023; Cao et al., 2024). Despite

these correlations, it remained uncertain whether DLR could

predict adverse outcomes in patients with sepsis. Therefore, our

study aimed to investigate the prognostic value of DLR regarding

the risk of in hospital all-cause mortality in elderly patients

with sepsis.
Methods

Study population

This was a retrospective cohort study conducted on elderly

patients with sepsis hospitalized at the ICU of the Affiliated Hospital

of Jiangsu University between January 2015 and November 2023.

Patients who met the criteria for sepsis at the time of ICU admission

were eligible for enrollment. Sepsis was defined according to the

diagnostic criteria of Sepsis 3.0 (Font et al., 2020) (defined as

lifethreatening organ dysfunction caused by a dysregulated host

response to infection, with organ dysfunction identified as an acute
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change in total SOFA score ≥ 2 points). Only data from the patient’s

first admission was used if they had multiple admission records.

Exclusion criteria were applied, excluding patients under 18 years

old, patients with an ICU length of stay less than 24h, patients with

chronic kidney disease (CKD), patients with hepatic cirrhosis,

patients with other comorbidities that might cause lymphopenia,

such as malignant tumors, malnutrition, HIV infection,

autoimmune diseases, immunosuppressive drugs, cytotoxic

agents. Additionally, patients with insufficient data for analysis

were also excluded. Following these criteria, a total of 1,123

elderly patients with sepsis hospitalized at the ICU were included

in this retrospective cohort study. All patients were initially

admitted to the ICU, and of these, 780 were subsequently

transferred from the ICU to the general ward. The study protocol

was approved by the ethics committee of the Affiliated Hospital of

Jiangsu University (No. KY2023K1007), and the requirement for

informed consent was waived because of its retrospective design.
Data collection

The clinical variables utilized in this research were acquired from

the electronic medical records. These variables could be divided into

seven main groups: (1) demographics, such as age, gender, body mass

index (BMI), and smoking status. (2) comorbidities, including

hypertension, diabetes, coronary artery disease, chronic obstructive

pulmonary disease (COPD), and cerebral infarction. (3) infection

pathogens, including Gram-positive bacterial infection, Gram-negative

bacterial infection, fungal infection, and viral infection; another group of

patients was categorized as “others” because a pathogen was not

identified. Gram-positive bacterial infections, Gram-negative bacterial

infections, and fungal infections were detected using matrix assisted

laser desorption ionization-time of flight mass spectrometry (MALDI-

TOF MS), while viral infections were detected using quantitative

fluorescence RT-PCR technology. (4) infection locations, including

multisite infection, lower respiratory infection, gastrointestinal

infection, intra-abdominal infection, genitourinary tract infection,

bacteremia, and skin and soft tissue infection. (5) laboratory

indicators, including white blood cell (WBC), neutrophil (Neu),

lymphocyte (Lym), monocyte (Mon), hemoglobin (Hb), platelet

(PLT), C-reactive protein (CRP), total bilirubin (Tbil), alanine

transaminase (ALT), aspartate aminotransferase (AST), albumin,

glucose, creatinine, blood urea nitrogen (BUN), uric acid, D-dimer,

potassium, and lactate. (6) severity of illness scores, such as the Acute

Physiology and Chronic Health Evaluation II (APACHE II) score and

SOFA score. (7) treatments, including continuous renal replacement

therapy (CRRT), vasoactive drugs, and invasive ventilation. Follow-up

duration commenced on the date of admission and concluded on the

date of discharge. All laboratory indicators and disease severity scores

were derived from data collected within the initial 24 hours after the

patient’s admission to the ICU. The DLR was calculated using the

following formula: DLR = {D-dimer (mg/L)}/{lymphocyte count (10^9 \

cells/L)}. Subsequently, patients were divided into four groups based on

their DLR quartile ranges: [Q1: (DLR ≤ 3.23, ≤ 25th percentile); Q2

(3.23 < DLR ≤ 8.18, 25th-50th percentile); Q3 (8.18 < DLR ≤ 20.12,

50th-75th percentile); Q4 (DLR > 20.12, > 75th percentile)].
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Clinical outcomes

The primary outcome of this study was in hospital all-cause

mortality. Of these, hospital death included ICU death and general

ward inpatient death. Secondary outcomes comprised the

occurrence of acute kidney injury (AKI) and the ICU and

hospital length of stay (LOS). AKI was defined by the 2012

Kidney Disease: Improving Global Outcomes Clinical Practice

Guidelines (KDIGO) (Kellum et al., 2013).
Statistical analysis

Statistical analysis was conducted using SPSS version 26.0,

MedCalc 20, GraphPad Prism 10.0, and R software version 4.1.3.

Continuous variables were presented as mean ± standard deviation

(SD) or median (interquartile range (IQR)) and analyzed using the

Student’s t-test or the Mann-Whitney U test. Number (percentage)

and chi-square tests were employed to describe and compare

categorical variables. The correlations between DLR and the

severity of illness scores were assessed using Spearman’s analysis.

Kaplan-Meier survival analysis was used to estimate all-cause

mortality among groups based on different levels of the DLR, and

their differences were assessed through log-rank tests. Additionally,

the predictive value of the DLR on mortality was assessed by the area

under the receiver operating characteristic curve (AUROC). The

association between the DLR and primary outcome was assessed with

univariable and multivariable Cox proportional hazard models. For

each outcome and exposure (SHR as either a continuous variable or a

categorical variable), three models were implemented. Model 1 was

an unadjusted analysis. model 2 was adjusted for age, gender, BMI,

smoking, hypertension, diabetes, WBC, Neu, PLT, CRP, Alb; model 3

was adjusted for age, gender, BMI, smoking, hypertension, diabetes,

WBC, Neu, PLT, CRP, Alb, creatinine, BUN, uric acid, lactate,

APACHE II score, and SOFA score. Furthermore, restricted cubic

spline (RCS) regression with three knots (10th, 50th, and 90th

percentiles) was applied to analyze the non-linearity association

between DLR and hospital and ICU all-cause death. Further

stratified analyses were performed based on age (≤65 or >65),

gender (male or female), smoking (yes or no), hypertension (yes or

no), diabetes (yes or no), lactate level (≤2.0 or >2.0), and AKI (yes or

no) to examine the consistency of the prognostic value of the DLR for

primary outcomes. The interaction between DLR and stratified

variables was further tested. To assess the association between the

DLR and secondary outcomes, multivariate binary logistic or linear

regression analysis was employed. A p-value of less than 0.05 was

considered statistically significant.
Results

Study population

The patient screening process was illustrated in Figure 1. A total

of 1123 elderly patients with sepsis were included in the final

analyses. The cohort had a median age of 75 (IQR: 65-84) years,
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with 707 (63.0%) being male. Among the participants, 579 (51.3%)

had hypertension, 309 (27.5%) had diabetes, 116 (10.3%) had

coronary artery disease, 87 (7.7%) had COPD, and 161 (14.3%)

had cerebral infarction. Infection pathogens were detected in 48% of

the patients, with Gram-negative bacteria (29.8) being the most

prevalent, followed by Gram-positive bacteria (12.1%), fungi

(6.9%), and viruses (5.3%). The median DLR for all participants

was 8.18 (IQR: 3.23-20.12). The rates of hospital mortality and ICU

mortality were 33.7% and 31.9%, respectively. A detailed summary

of baseline and clinical characteristics was presented in Table 1.
Baseline characteristics

Baseline characteristics categorized according to quartiles of the

DLR were outlined in Table 1. The median DLR values for each

quartile were 1.74 (IQR: 1.00-2.42), 5.25 (IQR: 4.08-6.53), 12.57

(IQR: 9.00-15.38), and 37.01 (IQR: 26.91-67.66), respectively.

Patients in the highest DLR quartile tended to be elder and

female, with a higher prevalence of Gram-negative bacteria and

fungus. They also exhibited elevated levels of CRP, Tbil, ALT, AST,

creatinine, BUN, uric acid, D-dimer, and lactate, along with lower

levels of BMI, Lym, Mon, Hb, PLT, and Alb. Additionally, they

presented with higher severity scores, and a higher proportion

required CRRT, and vasoactive drugs compared to the lower DLR

groups. Spearman’s correlation analysis revealed positive

correlations between DLR and APACHE II score (0.112, p <

0.001) as well as between DLR and SOFA score (0.132, p < 0.001)

(Supplementary Figure 1). With increasing DLR, there was a

gradual rise in the 30-day mortality (14.2% vs. 23.1% vs. 31.3%

vs. 43.9%, p < 0.001), 60-day mortality (17.8% vs. 27.0% vs. 39.9%

vs. 48.9%, p < 0.001), ICU mortality (17.8% vs. 24.9% vs. 37.7% vs.

47.4%, p < 0.001), and hospital mortality (18.9% vs. 26.3% vs. 40.2%

vs. 49.6%, p < 0.001). Given the better association of the Q4 group
Frontiers in Cellular and Infection Microbiology 04
with all-cause mortality, we furthered compared the difference

between Q4 and Q1-3. This analysis revealed consistent results

across different grouping approaches (Supplementary Table 1).
Association between the all-cause
mortality and DLR

The Kaplan-Meier survival analysis curves for assessing the

incidence of 30-day mortality among groups based on the quartile

groupings of the DLR were shown in Figure 2A. There was a

statistically significant difference in 30-day mortality rate in the

groups (log-rank test, p <0.001). Similar results were observed for

the prediction of 60-daymortality (log-rank test, p <0.001) (Figure 2B).

Additionally, Figures 3A, B indicated an increasing trend in all-cause

mortality with higher DLR. ROC curve analyses were performed to

assess the predictive value of DLR, Lym, and D-dimer in all-cause

mortality (Figures 4A, B). The results indicated that the AUC of the

DLR for predicting hospital mortality and ICU mortality was 0.667

(95%CI: 0.635-0.700) and 0.661 (95%CI: 0.627-0.694), respectively.

Furthermore, the ROC curve analysis demonstrated that the DLR

outperformed Lym (p for comparison = 0.009 for hospital death; p for

comparison = 0.010 for ICU death) or D-dimer (p for comparison

< 0.001 for hospital death; p for comparison < 0.001 for ICU death).

Similar results were observed in predicting hospital death and ICU

death among elderly patients (aged ≥ 65 years) (Figures 4C, D).

Supplementary Table 2 presented the outcomes of univariate COX

regression analysis assessing the risk of all-cause death in elderly

patients with sepsis and variables with a significance level of p < 0.05 in

the univariate analysis, and factors influencing prognosis suggested by

clinicians were considered as independent variables for univariate

COX regression analysis. The influential factors included age, male,

BMI, smoking, hypertension, diabetes, WBC, Neu, PLT, CRP, Alb,

creatinine, BUN, uric acid, lactate, APACHE II score, and SOFA score.
FIGURE 1

Flow of included patients through the trial. DLR, D-dimer to lymphocyte ratio; ICU, Intensive Care Unit.
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TABLE 1 Characteristics and outcomes of participants categorized by DLR.

Variables Overall Q1 group
(DLR ≤ 3.23)

Q2 group (3.23<DLR
≤ 8.18)

Q3 group
(8.18<DLR
≤ 20.12)

Q4 group
(DLR>20.12)

p-value

N 1123 281 281 281 280

Age, years 75 (65-84) 74 (60-83) 75 (64-84) 77 (68-85) 77 (66-85) 0.020

Male, n (%) 707 (63.0) 183 (65.1) 171 (60.9) 194 (69.0) 159 (56.8) 0.018

BMI, kg/m2 22.49 (20.08-25.21) 23.12 (20.31-25.98) 22.65 (20.02-25.62) 22.22 (19.85-24.63) 22.04 (20.22-24.81) 0.014

Smoking, n (%) 229 (20.4) 54 (19.2) 60 (21.4) 65 (23.1) 50 (17.9) 0.433

Comorbidities, n (%)

Hypertension 579 (51.3) 163 (58.0) 153 (54.4) 132 (47.0) 131 (46.8) 0.015

Diabetes 309 (27.5) 88 (31.3) 89 (31.7) 63 (22.4) 69 (24.6) 0.026

Coronary artery disease 116 (10.3) 27 (9.6) 28 (10.0) 32 (11.4) 29 (10.4) 0.914

COPD 87 (7.7) 26 (9.3) 21 (7.5) 26 (9.3) 14 (5.0) 0.190

Cerebral infarction 161 (14.3) 53 (18.9) 39 (13.9) 40 (14.2) 29 (10.4) 0.039

Infection pathogens, n (%)

Gram-positive bacteria 136 (12.1) 35 (12.5) 33 (11.7) 40 (14.2) 28 (10.0) 0.488

Gram-negative bacteria 335 (29.8) 60 (21.4) 78 (27.8) 87 (31.0) 110 (39.3) <0.001

Fungus 77 (6.9) 18 (6.4) 10 (3.6) 21 (7.5) 28 (10.0) 0.025

Virus 60 (5.3) 22 (7.8) 11 (3.9) 13 (4.6) 14 (5.0) 0.178

Others 515 (45.9) 146 (52.0) 149 (53.0) 120 (42.7) 100 (35.7) <0.001

Infection sites, n (%)

Multisite Infection 120 (10.7) 35 (12.5) 23 (8.2) 34 (12.1) 28 (10.0) 0.322

Lower respiratory infection 436 (38.8) 111 (39.5) 99 (35.2) 106 (37.7) 120 (42.9) 0.303

Gastrointestinal infection 11 (1.0) 3 (1.1) 2 (0.7) 4 (1.4) 1 (0.4) 0.571

Intra-abdominal infection 392 (34.9) 93 (33.1) 105 (37.4) 89 (31.7) 105 (37.5) 0.351

Genitourinary
tract infection

69 (6.1) 19 (6.8) 22 (7.8) 19 (6.8) 9 (3.2) 0.115

Bacteremia 10 (0.9) 4 (1.4) 1 (0.4) 3 (1.1) 2 (0.7) 0.570

Skin and soft
tissue infection

85 (7.6) 18 (6.4) 22 (7.8) 24 (8.5) 21 (7.5) 0.813

Laboratory tests

WBC *109/L 11.4 (7.4-17.1) 11.5 (8.2-17.6) 11.4 (7.9-16.6) 12.0 (6.9-16.9) 10.6 (6.5-17.3) 0.175

Neu *109/L 10.1 (6.3-15.5) 9.8 (6.5-15.3) 9.9 (6.6-15.0) 10.7 (6.3-16.1) 9.8 (6.0-16.3) 0.823

Lym *109/L 0.6 (0.3-0.9) 1.0 (0.6-1.4) 0.6 (0.4-1.0) 0.5 (0.3-0.6) 0.3 (0.2-0.4) <0.001

Mon *109/L 0.4 (0.2-0.7) 0.6 (0.3-0.8) 0.5 (0.3-0.7) 0.4 (0.2-0.6) 0.3 (0.2-0.5) <0.001

Hb, g/dL 115 (97-130) 119 (104-134) 116 (95-133) 112 (99-129) 110 (93-125) <0.001

PLT *109/L 149 (95-214) 194 (133-262) 161 (114-225) 135 (89-193) 109 (68-166) <0.001

CRP, mg/L 104.2 (42.0-163.2) 76.8 (18.4-120.8) 99.9 (36.4-166.0) 115.0 (54.3-178.4) 124.5 (64.1-187.6) <0.001

Tbil, mmol/L 17.4 (10.9-28.2) 13.3 (8.2-22.1) 16.8 (10.5-27.1) 18.6 (12.1-30.3) 21.0 (13.4-35.8) <0.001

ALT, U/L 32.0 (21.0-56.0) 30.0 (20.0-48.6) 30.0 (20.0-50.1) 33.0 (22.0-61.1) 37.0 (23.0-85.8) <0.001

AST, U/L 38.1 (23.9-73.0) 30.3 (20.0-58.6) 35.0 (24.0-62.5) 44.0 (25.9-89.5) 52.5 (29.3-164.0) <0.001

(Continued)
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Multivariable COX regression analysis was employed to examine the

association between DLR and all-cause death, as outlined in Table 2.

In three models, whether increased by 1 unit or 1 SD, the DLR was

significantly correlated with hospital death and ICU death. The risk of

hospital death for DLR Q2, Q3, and Q4 was higher than DLR Q1,

indicating an increasing trend with DLR [Q1 vs. Q2: HR (95%CI):

1.281 (0.882-1.860); Q3: HR (95%CI): 1.463 (1.018-2.102); Q4: HR

(95%CI): 1.787 (1.239-2.578); p for trend=0.001] (Figure 5A). Similar

results were observed in the Cox proportional risk analysis of DLR and

ICU death [Q1 vs. Q2: HR (95%CI): 1.284 (0.875-1.885); Q3: HR (95%

CI): 1.468 (1.010-2.135); Q4: HR (95%CI): 1.786 (1.224-2.604); p for

trend=0.002] (Figure 5B).

After adjusting for possible confounding factors, RCS curve was

performed (Supplementary Figure 2). We confirmed that the

correlation between DLR and hospital death and ICU death was
Frontiers in Cellular and Infection Microbiology 06
nonlinear after adjusting age, male, BMI, smoking, hypertension,

diabetes, WBC, Neu, PLT, CRP, Alb, creatinine, BUN, uric acid,

lactate, APACHE II score, and SOFA score. We calculated the

infection point as 22.5 using two-piecewise linear regression and a

recursive algorithm (Supplementary Table 3). DLR was positively

correlated with hospital death and ICU death to the left of the

infection point. There was no increased mortality on the right of the

infection point as DLR increased.
Subgroup analysis

To further analyzed the relationship between DLR and all-cause

mortality in elderly patients with sepsis, we categorized the population

based on age (≤65 or >65), gender (male or female), smoking (yes or
TABLE 1 Continued

Variables Overall Q1 group
(DLR ≤ 3.23)

Q2 group (3.23<DLR
≤ 8.18)

Q3 group
(8.18<DLR
≤ 20.12)

Q4 group
(DLR>20.12)

p-value

Laboratory tests

Alb, g/L 28.2 (24.2-33.2) 31.6 (27.0-36.0) 27.9 (23.8-32.6) 27.1 (24.2-31.7) 27.4 (22.9-31.2) <0.001

Glucose, mmol/L 8.2 (6.6-11.8) 7.9 (6.4-10.9) 8.4 (6.6-12.8) 8.5 (6.7-12.0) 8.2 (6.5-11.7) 0.150

Creatinine, mmol/L 92.6 (63.7-153.1) 78.4 (55.6-117.5) 86.3 (58.8-145.8) 99.4 (63.5-154.4) 126.0 (78.2-201.1) <0.001

BUN, mmol/L 8.89 (6.04-13.95) 7.16 (5.27-10.44) 8.32 (5.62-12.66) 9.64 (6.42-15.11) 11.83 (7.20-18.60) <0.001

Uric acid, mmol/L 286.9 (192.3-411.7) 274.4 (189.0-371.0) 287.8 (190.0-412.1) 264.7 (179.2-381.8) 327.6 (231.0-477.9) <0.001

D-dimer, mg/L 4.2 (2.1-8.4) 1.5 (0.9-2.4) 3.3 (2.2-4.9) 5.8 (3.8-8.6) 11.8 (8.0-21.5) <0.001

Potassium, mmol/L 3.7 (3.3-4.2) 3.6 (3.3-4.0) 3.8 (3.3-4.2) 3.7 (3.3-4.2) 3.7 (3.3-4.3) 0.252

Lactate, mmol/L 2.1 (1.4-3.6) 1.8 (1.2-2.4) 2.1 (1.4-3.1) 2.2 (1.4-4.1) 2.8 (1.9-5.0) <0.001

DLR 8.18 (3.23-20.12) 1.74 (1.00-2.42) 5.25 (4.08-6.53) 12.57 (9.90-15.38) 37.01 (26.91-67.66) <0.001

Severity scoring

APACHE II score 25 (19-30) 24 (19-30) 25 (18-29) 25 (19-29) 27 (22-33) <0.001

SOFA score 12 (10-14) 11 (9-13) 12 (9-14) 12 (10-14) 13 (11-15) <0.001

Treatments

CRRT, n (%) 78 (6.9) 8 (2.8) 16 (5.7) 20 (7.1) 34 (12.1) <0.001

Vasoactive drug, n (%) 748 (66.6) 133 (47.3) 167 (59.4) 216 (76.9) 232 (82.9) <0.001

Invasive ventilation, n (%) 752 (67.0) 174 (61.9) 181 (64.4) 200 (71.2) 197 (70.4) 0.051

Endpoints

30-day mortality, n (%) 316 (28.1) 40 (14.2) 65 (23.1) 88 (31.3) 123 (43.9) <0.001

60-day mortality, n (%) 375 (33.4) 50 (17.8) 76 (27.0) 112 (39.9) 137 (48.9) <0.001

AKI, n (%) 512 (45.6) 80 (28.5) 117 (41.6) 133 (47.3) 182 (65.0) <0.001

ICU length of stay, days 6 (3-12) 6 (3-11) 5 (3-11) 6 (3-13) 6 (3-12) 0.120

Hospital length of stay, days 16 (11-25) 16 (11-24) 17 (11-26) 18 (11-28) 16 (10-24) 0.162

ICU mortality, n (%) 358 (31.9) 50 (17.8) 70 (24.9) 106 (37.7) 132 (47.4) <0.001

Hospital mortality, n (%) 379 (33.7) 53 (18.9) 74 (26.3) 113 (40.2) 139 (49.6) <0.001
fro
DLR, D-dimer to lymphocyte ratio; BMI, body mass index; COPD, chronic obstructive pulmonary disease; WBC, white blood cell count; Neu, neutrophil; Lym, lymphocyte; Mon, monocyte; Hb,
hemoglobin; PLT, platelet; CRP, C-reactive protein; Tbil, total bilirubin; ALT, alanine transaminase; AST, aspartate aminotransferase; Alb, albumin; BUN, blood urea nitroge; APACHE II, Acute
Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; CRRT, continuous renal replacement therapy; AKI, Acute kidney injury; ICU, Intensive Care Unit.
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no), hypertension (yes or no), diabetes (yes or no), lactate (≤2.0 or

>2.0), and AKI (yes or no). Multivariable Cox regression analysis

revealed no significant interactions between age, gender, smoking,

hypertension, diabetes, lactate, and AKI for all-cause mortality (all p

for interaction > 0.05) (Tables 3, 4). Although no interaction was

found between DLR and lactate, statistical significance was observed

only among patients with lactate level > 2.0 mmol/L.
Association between DLR and
secondary outcomes

Univariate analysis revealed that the highest DLR group was

significantly associated with an increased risk of AKI occurrence
Frontiers in Cellular and Infection Microbiology 07
when compared to the other groups (28.5% vs. 41.6% vs. 47.3% vs.

65.0%, p < 0.001). However, the analysis of ICU and hospital length of

stay (LOS) among the four groups did not reveal significant differences

(Table 1). After adjusting for confounding factors (age, male, BMI,

smoking, hypertension, diabetes, WBC, Neu, PLT, CRP, Alb, BUN,

lactate, APACHE II score, and SOFA score), the results indicated that

an increase of either 1 unit or 1 SD in DLR was significantly and

positively correlated with AKI occurrence (Supplementary Table 4).
Discussion

This was the first investigation to examine the connection

between DLR and sepsis prognosis in our knowledge. The
FIGURE 2

Kaplan-Meier curves showing cumulative probability of all-cause mortality according to groups at 30 days (A), and 60 days (B). DLR quartiles: Q1
group (DLR ≤ 3.23); Q2 group (3.23<DLR ≤ 8.18); Q3 group (8.18<DLR ≤ 20.12); Q4 group (DLR>20.12).
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findings suggested that elevated DLR was significantly associated

with higher hospital mortality and ICU mortality even after

adjustment for confounding variables. Moreover, the ROC curve

analyses revealed that DLR had the best predictive value with a

higher area under the curve than D-dimer or Lym for predict

hospital mortality and ICU mortality. These results indicated that

the DLR was an independent risk factor of poor prognosis in elderly

patients with sepsis.

Sepsis is a disease that occurs when the body’s response to an

infection becomes imbalanced, leading to organ dysfunction

(Huang et al., 2019). Numerous studies had demonstrated strong

associations between sepsis and various factors, including tissue

damage, abnormal coagulation function, immune dysfunction,

systemic inflammation, and genetic polymorphisms (Huang et al.,

2019). Among these dysregulations, coagulopathy played a crucial

role in the pathogenesis of sepsis-related dysregulated host response

to infections (Semeraro et al., 2012; Mayer et al., 2015). Recent

evidence suggested that acute disseminated intravascular

coagulation (DIC) occured in approximately 25-50% of sepsis

patients, significantly increasing the risk of mortality (Zeerleder

et al., 2005; Voves et al., 2006; Gando et al., 2019; Patel et al., 2019).

One of the most sensitive measures of coagulation, fibrin fragment

D-dimer, was formed when plasmin cleaved insoluble fibrin, and its

elevated levels predicted a higher risk of thrombosis (Chapin and

Hajjar, 2015). Inflammatory cytokines released during sepsis

enhanced the degradation of cross-linked fibrin polymers, leading

to increased production of D-dimer (Fiusa et al., 2015). Elevated

levels of D-dimer and fibrinogen degradation producted rapidly

occur after DIC initiation, which can complicate sepsis (Trimaille

et al., 2020). Several studies had demonstrated a significant

association between D-dimer levels and poor outcomes in sepsis

patients. For example, Rodelo et al. found that low D-dimer levels

were associated with reduced survival in sepsis patients (Rodelo

et al., 2012). Tang et al. observed a higher 28-day mortality rate in
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sepsis patients with elevated D-dimer levels during hospitalization

(Tang et al., 2023). Schupp et al. reported that high D-dimer (> 30

mg/L) were associated with the highest risk of 30-day all-cause

mortality in sepsis patients (Schupp et al., 2023). Moreover, Meini

et al. demonstrated that D-dimer can help stratify the risk of in-

hospital mortality and complications in patients with invasive

infections caused by the Gram-negative bacteria Neisseria

meningitidis (Meini et al., 2021). Another study involving 268

sepsis patients suggested that an emergency department

admission D-dimer level > 500 µg/ml independently associated

with an increased short-term mortality rate (Innocenti et al., 2019).

Lymphocyte, essential components of the human immune

system, played a crucial role in sepsis (Drewry et al., 2014).

During pathogen infection, antigen-presenting cells recognized

microbial antigens and presented them to T cells. CD4+ T cells

then secreted cytokines that aided phagocytic cells in eliminating

intracellular bacteria (Stearns-Kurosawa et al., 2011). Lymphocyte

count declined significantly due to apoptosis in patients with sepsis

(Le Tulzo et al., 2002). When sepsis occurs, pro-inflammatory

factors and high mobility group box-1 protein (HMGB1)

passively released from dead cells cause the up-regulation of

programmed death-ligand 1 (PD-L1) through Toll-like

Receptor 2 (TLR2) on neutrophils. The binding of PD-L1

and PD-1 on lymphocytes leads to increased apoptosis of

lymphocytes and immune dysfunction, eventually resulting in the

occurrence of sepsis immunosuppression (Liu et al., 2024). This

lymphopenia was a common characteristic of sepsis-induced

immunosuppression, hindering microbial clearance and

increasing susceptibility to severe infections (Drewry et al., 2014).

The severity and duration of lymphopenia were associated with

worse clinical outcomes, including higher mortality rates (Wang

et al., 2022). A meta-analysis of eight studies revealed that sepsis

patients who died had significantly lower absolute lymphocyte

counts compared to those who survived (Yang et al., 2024). These
FIGURE 3

(A) The prevalence of hospital mortality ratio among different quartiles of DLR. (B) The prevalence of ICU mortality ratio among different quartiles of
DLR. DLR quartiles: Q1 group (DLR ≤ 3.23); Q2 group (3.23<DLR ≤ 8.18); Q3 group (8.18<DLR ≤ 20.12); Q4 group (DLR>20.12). DLR, D-dimer to
lymphocyte ratio; ICU, Intensive Care Unit.
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findings suggested that the absolute lymphocyte count could

potentially serve as an indicator for predicting the prognosis of

sepsis patients. In a prospective study involving 92 ICU-admitted

sepsis patients, a decrease in the absolute lymphocyte count at

baseline was linked to increased mortality rates (Chung et al., 2015).

Another study utilizing data from the MIMIC-IV database, which

included 1027 patients, reported that a decrease in the absolute

lymphocyte count at baseline was associated with a higher incidence

of 90-day mortality (Liu et al., 2023). Cilloniz et al. found that

lymphopenia independently correlated with an increased risk of

ICU admission, as well as higher in-hospital and 30-day mortality

in sepsis patients (Cilloniz et al., 2021).

Numerous studies had highlighted the role of DLR in predicting

outcomes in various diseases. For instance, studies had shown that a

high admission DLR could serve as a robust predictor for increased
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in-hospital mortality among patients with acute aortic dissection

(Xu et al., 2023). Similarly, a retrospective cohort study found that

DLR could aid physicians in assessing the risk of liver metastasis in

patients with colorectal cancer, predicting patient prognosis, and

guiding treatment decisions more effectively (Lu et al., 2023).

Furthermore, recent research demonstrated that DLR was a

valuable predictor for the occurrence of major adverse cardiac

events (MACEs) in patients with STEMI during hospitalization

and long-term follow-up after percutaneous coronary intervention

(PCI) (Cao et al., 2024). Peng et al. also suggested that DLR had a

greater AUC compared to D-dimer or lymphocytes individually for

predicting COVID-19-related mortality, indicating that combining

D-dimer and lymphocytes might offer superior insights into the

condition of COVID-19 patients (Peng et al., 2022). However, no

studies had explored the relationship between DLR and clinical
FIGURE 4

(A) ROC curve analysis of the DLR to predict hospital mortality and comparison of the AUC between the DLR, Lym, and D-dimer. p value is =0.009
(DLR v.s. Lym), and p value is <0.001 (DLR v.s. D-dimer); (B) ROC curve analysis of the DLR to predict ICU mortality and comparison of the AUC
between the DLR, Lym, and D-dimer. p value is =0.010 (DLR v.s. Lym), and p value is <0.001 (DLR v.s. D-dimer); (C) ROC curve analysis of the DLR
to predict hospital mortality in elderly patients (aged ≥65 years) and comparison of the AUC between the DLR, Lym, and D-dimer. p value is =0.009
(DLR v.s. Lym), and p value is <0.001 (DLR v.s. D-dimer); (D) ROC curve analysis of the DLR to predict ICU mortality in elderly patients (aged ≥65
years) and comparison of the AUC between the DLR, Lym, and D-dimer. p value is =0.010 (DLR v.s. Lym), and p value is <0.001 (DLR v.s. D-dimer).
DLR, D-dimer to lymphocyte ratio; Lym, lymphocyte; ICU, Intensive Care Unit; ROC, receiver operating characteristic curve.
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TABLE 2 Cox proportional hazard ratios (HR) for all-cause mortality.

2 Model 3

e P for trend HR (95% CI) p-value P for trend

1.002 (1.000-1.004) 0.013

1.098 (1.020-1.181) 0.013

<0.001 0.001

Ref

1.281 (0.882-1.860) 0.193

1.463 (1.018-2.102) 0.039

1.787 (1.239-2.578) 0.002

1.002 (1.000-1.004) 0.017

1.095 (1.017-1.180) 0.017

<0.001 0.002

Ref

1.284 (0.875-1.885) 0.202

1.468 (1.010-2.135) 0.044

1.786 (1.224-2.604) 0.003

score,and SOFA score.
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Variables
Model 1 Model

HR (95% CI) p-value P for trend HR (95% CI) p-valu

Hospital mortality

Continuous
variable per unit

1.005 (1.003-1.006) <0.001 1.004 (1.002-1.005) <0.001

Continuous
variable per SD

1.211 (1.138-1.289) <0.001 1.158 (1.083-1.283) <0.001

Quartilea <0.001

Q1 group Ref Ref

Q2 group 1.428 (1.003-2.034) 0.048 1.331 (0.925-1.917) 0.124

Q3 group 1.997 (1.441-2.769) <0.001 1.605 (1.134-2.272) 0.008

Q4 group 2.942 (2.142-4.041) <0.001 2.349 (1.658-3.327) <0.001

ICU mortality

Continuous
variable per unit

1.005 (1.003-1.006) <0.001 1.004 (1.002-1.005) <0.001

Continuous
variable per SD

1.211 (1.137-1.290) <0.001 1.158 (1.082-1.240) <0.001

Quartilea <0.001

Q1 group Ref Ref

Q2 group 1.425 (0.990-2.050) 0.056 1.331 (0.915-1.935) 0.135

Q3 group 1.989 (1.420-2.785) <0.001 1.608 (1.124-2.299) 0.009

Q4 group 2.941 (2.122-4.075) <0.001 2.359 (1.649-3.374) <0.001

Model 1: unadjusted.
Model 2: adjusted for age, gender, BMI, smoking, hypertension, diabetes, WBC, Neu, PLT, CRP, Alb.
Model 3: adjusted for age, gender, BMI, Smoking, hypertension, diabetes, WBC, Neu, PLT, CRP, Alb, creatinine, BUN, uric acid, lactate, APACHE I
aDLR: Q1 group (DLR ≤ 3.23); Q2 group (3.23<DLR ≤ 8.18); Q3 group (8.18<DLR ≤ 20.12); Q4 group (DLR>20.12).
DLR, D-dimer to lymphocyte ratio; BMI, body mass index; WBC, white blood cell; Neu, neutrophil; PLT, platelet; CRP, C-reactive protein; Alb, albumi
Failure Assessment; ICU, Intensive Care Unit.
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prognosis in elderly patients with sepsis. In our study, we discovered

that DLR had a better ability to predict all-cause mortality in

patients with sepsis than D-dimer or lymphocyte. Additionally,

heightened DLR in sepsis patients were found to be correlated with

an elevated risk of all-cause mortality. These findings suggested that
Frontiers in Cellular and Infection Microbiology 11
early elevation of DLRmight be useful in identifying elderly patients

with sepsis at high risk of poor outcomes.

Furthermore, our study delved into risk stratification among

various subgroups. Subgroup analysis indicated that the predictive

value of DLR for in hospital all-cause mortality remained consistent
FIGURE 5

(A, B) Hazard ratios (95% CIs) for hospital/ICU mortality according to DLR quartiles after adjusting for age, gender, BMI, Smoking, hypertension,
diabetes, WBC, Neu, PLT, CRP, Alb, creatinine, BUN, uric acid, lactate, APACHE II score,and SOFA score. Error bars indicate 95% CIs. The first quartile
is the reference. DLR quartiles: Q1 group (DLR ≤ 3.23); Q2 group (3.23<DLR ≤ 8.18); Q3 group (8.18<DLR ≤ 20.12); Q4 group (DLR>20.12). DLR, D-
dimer to lymphocyte ratio; BMI, body mass index; WBC, white blood cell; Neu, neutrophil; PLT, platelet; CRP, C-reactive protein; Alb, albumin; BUN,
blood urea nitroge; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; ICU, Intensive
Care Unit.
TABLE 3 Subgroup analysis regarding the influence of different DLR in the hospital mortality.

Subgroups No. hospital mortality/No. patients HR (95% CI) p-value P for interaction

Age 0.697

>65 315/840 1.005 (1.003-1.006) <0.001

≤65 64/283 1.005 (1.001-1.010) 0.029

Gender 0.606

Male 251/707 1.005 (1.003-1.007) <0.001

Female 128/416 1.004 (1.001-1.007) 0.002

Smoking 0.081

Yes 87/229 1.010 (1.005-1.015) <0.001

No 291/893 1.004 (1.003-1.006) <0.001

Hypertension 0.940

Yes 211/579 1.005 (1.003-1.007) <0.001

No 168/544 1.005 (1.003-1.007) <0.001

Diabetes 0.621

Yes 111/309 1.004 (1.002-1.007) 0.001

(Continued)
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across male and female patients. However, we did not observe a

significant association between DLR and in hospital all-cause

mortality among patients with hypertension or diabetes included

in the study. This discrepancy might be attributed to reverse

causality, wherein patients diagnosed with these comorbidities

were more likely to have received appropriate treatment or

adopted healthier lifestyle habits. Moreover, our study revealed
Frontiers in Cellular and Infection Microbiology 12
that the association between DLR and all-cause mortality appeared

to be more pronounced in patients with lactate levels exceeding 2.0

mmol/L, suggesting that hyperlactatemia may influence the

predictive performance of DLR for all-cause mortality. Thus,

maintaining optimal lactate levels could mitigate adverse clinical

outcomes in sepsis patients. The APACHE II score or SOFA score

were widely utilized indicators for assessing the severity of sepsis
TABLE 3 Continued

Subgroups No. hospital mortality/No. patients HR (95% CI) p-value P for interaction

No 268/814 1.005 (1.003-1.007) <0.001

Lactate 0.866

>2.0 277/616 1.004 (1.002-1.005) <0.001

≤2.0 102/507 1.005 (1.000-1.010) 0.058

AKI 0.368

Yes 223/512 1.003 (1.002-1.005) <0.001

No 156/611 1.006 (1.002-1.009) 0.003
DLR, D-dimer to lymphocyte ratio; AKI, Acute kidney injury.
TABLE 4 Subgroup analysis regarding the influence of different DLR in the ICU mortality.

Subgroups No. ICU mortality/No. patients HR (95% CI) p-value P for interaction

Age 0.793

>65 297/840 1.005 (1.003-1.006) <0.001

≤65 61/283 1.005 (1.000-1.010) 0.039

Gender 0.606

Male 238/707 1.005 (1.003-1.007) <0.001

Female 120/416 1.004 (1.002-1.007) 0.002

Smoking 0.076

Yes 84/229 1.010 (1.005-1.015) <0.001

No 273/893 1.004 (1.003-1.006) <0.001

Hypertension 0.962

Yes 199/579 1.005 (1.003-1.007) <0.001

No 159/544 1.005 (1.002-1.007) <0.001

Diabetes 0.598

Yes 104/309 1.004 (1.002-1.007) 0.001

No 254/814 1.005 (1.003-1.007) <0.001

Lactate 0.899

>2.0 266/616 1.004 (1.002-1.005) <0.001

≤2.0 92/507 1.004 (0.998-1.010) 0.168

AKI 0.455

Yes 212/512 1.004 (1.002-1.005) <0.001

No 146/611 1.005 (1.001-1.009) 0.007
DLR, D-dimer to lymphocyte ratio; AKI, Acute kidney injury; ICU, Intensive Care Unit.
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patients (Tekin et al., 2024). A high APACHE II score or SOFA

score indicated severe infection that required aggressive anti-

infection treatment (Liu et al., 2016; Liu et al., 2022). Our study

indicated a positive correlation between DLR and the APACHE II

score or SOFA score. In relation to secondary outcomes, an elevated

DLR at the time of ICU admission emerged as a valuable

inflammatory marker for evaluating the risk of AKI occurrence in

elderly patients with sepsis. Consequently, it was crucial to provide

timely intervention for patients with a high DLR value to prevent

further deterioration.

This study had several limitations. Firstly, selection and

confounding biases were challenging to avoid despite our best

efforts to account for possible confounders and conduct subgroup

analysis, which was an inherent drawback of retrospective

investigations. Secondly, we only recorded the hospital all-cause

mortality without conducting follow-up after discharge; therefore,

the association between the DLR and long-term adverse events

remained unknown in such populations. Thirdly, our study only

examined DLR within 24 hours of ICU admission in patients with

sepsis and failed to evaluate the dynamic effect of DLR. Fourth,

sepsis can present with a wide variety of clinical features, influenced

by patient demographics, underlying health conditions, and

infection types. This variability can affect the immune response

and overall clinical trajectory, which may impact the prognostic

significance of DLR. Moreover, due to the complex interplay of

multiple factors contributing to sepsis outcomes, certain

unmeasured confounders, such as the timing of clinical

intervention, severity of organ dysfunction, and treatment

protocols, were not accounted for in the analysis and may impact

the relationship between DLR and outcomes. Furthermore, the

study focused on elderly patients with sepsis from China, and the

association may not be fully generalizable to the general population

or disease population. To overcome these limitations, more

comprehensive data from broader studies with larger sample sizes

and extended follow-up will be necessary to validate our findings

and improve our understanding of the association between DLR

and prognosis in elderly patients with sepsis.
Conclusion

The findings from our study suggested that DLR served as a

valuable indicator for predicting the risk of in hospital all-cause

mortality and AKI occurrence in elderly patients with sepsis. Hence,

incorporating DLR measurements into clinical practice could prove

beneficial for assessing risk and predicting prognosis within this

cohort. It’s imperative for future research endeavors to investigate

whether interventions aimed at modulating DLR could enhance

clinical outcomes for these patients.
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