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Background: The leuko-glycemic index (LGI), combining white blood cell count
and blood glucose, reflects systemic inflammation and stress hyperglycemia. Its
prognostic value in critically ill stroke patients remains unclear. This study evalu-
ated the association between LGl and mortality using the MIMIC-1V database and
an independent institutional cohort.

Methods: Patients with acute stroke were identified from MIMIC-IV (version 3.1)
and a neurosurgical intensive care unit cohort. LGl was calculated as white blood
cell count (x10°%/L) X blood glucose (mg/dL)/1,000 using measurements within
the first 24 h after ICU admission and categorized into quartiles. The primary out-
come was 28-day mortality. Secondary outcomes included in-hospital mortality
in both cohorts and 365-day mortality in MIMIC-1V. Multivariable Cox models
were used to assess the association between LGl and mortality; in MIMIC-1V,
spline-based analyses further explored the dose—-response pattern, and subgroup
analyses were performed.

Results: A total of 5,267 patients from MIMIC-IV and 424 from the institutional
cohort were included. In MIMIC-IV, after multivariable adjustment, patients in
the highest LGI quartile had more than threefold higher risk of 28-day mortal-
ity compared with the lowest quartile (hazard ratio [HR] 3.259, 95% confidence
interval [Cl] 2.568-4.138; p for trend < 0.001) and higher 365-day mortality (HR
2.703, 95% CI 2.203-3.317; p for trend < 0.001). LGI was also positively associ-
ated with 28-day mortality in the institutional cohort (adjusted HR 1.351, 95%
C11.090-1.675), and in-hospital mortality rates were likewise highest in the top
LGI quartile. Exploratory spline analyses in MIMIC-IV showed that risk increased
steeply from low to moderate LGl and then rose more gradually at higher levels.
Subgroup analyses suggested broadly consistent positive associations across
most clinical strata.

Conclusion: LGl was significantly associated with mortality in critically ill stroke
patients across two independent cohorts and may serve as a simple, readily avail-
able biomarker to aid early risk stratification.

KEYWORDS
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1 Introduction

Stroke is a major type of cerebrovascular disease and, together
with other cardiovascular conditions, remains a leading cause of death
and disability in adults (1). With global population aging, the burden
of both ischemic and hemorrhagic stroke is increasing, and critically
ill stroke patients impose a substantial demand on intensive care
resources. Therefore, simple, low-cost, and easily applicable prognostic
markers are urgently needed to identify high-risk patients and guide
early risk stratification in clinical practice (2-4). Increasing evidence
suggests that both metabolic disturbances and inflammatory responses
play pivotal roles in the progression of acute stroke and its associated
adverse outcomes. Hyperglycemia, leukocytosis, and systemic inflam-
matory activation are common physiological stress responses in criti-
cally ill patients and have each been reported to be associated with
poor neurological recovery and increased mortality (5-7).

The leuko-glycemic index (LGI), calculated as the product of
white blood cell (WBC) and blood glucose level, has emerged as
a composite marker reflecting the interaction between inflamma-
tion and metabolic dysregulation. Prior studies have demon-
strated that LGI is closely associated with unfavorable outcomes
in several acute conditions, including severe infections, trauma,
and cardiovascular disease (8-10). Elevated glucose levels can
enhance leukocyte adhesion, chemotaxis, and oxidative activity,
thereby amplifying the inflammatory cascade and exacerbating
organ injury (11, 12). Given that stroke triggers a complex neuro-
inflammatory response and is frequently accompanied by stress-
induced hyperglycemia (13-15), LGI may serve as a more
comprehensive indicator of disease severity than either parame-
ter alone.

Although LGI has shown prognostic value in other critical ill-
nesses, its relationship with clinical outcomes among critically ill
stroke patients remains uncertain. Existing research primarily focuses
on either hyperglycemia or leukocytosis independently, while studies
evaluating their combined effect through LGI are scarce. Furthermore,
critically ill stroke patients often present with substantial heterogene-
ity in metabolic and inflammatory status, highlighting the need for
reliable, easily obtainable prognostic biomarkers to support early risk
stratification and clinical decision-making (16-18).

In light of these gaps, the present study aimed to investigate the
association between LGI and mortality in critically ill stroke patients
using data from both the Medical Information Mart for Intensive Care
IV (MIMIC-1IV) database and a Chinese institutional cohort. By eval-
uating the association between LGI and short-term (28-day) and long-
term (365-day) all-cause mortality, this study sought to determine
whether LGI could serve as a practical, cost-effective prognostic indi-
cator to identify high-risk patients who may benefit from intensified
monitoring and targeted interventions.

2 Methods and materials
2.1 Study population

This retrospective cohort study investigated critically ill stroke
patients from two independent sources: the MIMIC-IV database and

a Chinese institutional intensive care unit (ICU) cohort. Data from
MIMIC-IV (version 3.1) covered ICU admissions between 2008 and
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2019, whereas the institutional cohort included patients admitted
between October 2023 and September 2025.

In the MIMIC-IV cohort, ICU patients with a primary diagnosis
of acute stroke were identified using International Classification of
Diseases, 9th and 10th Revision (ICD-9/10) codes. Eligible patients
were required to be >18 years old at ICU admission, to have the first
ICU admission during the index hospitalization, and to have docu-
mented WBC and blood glucose values within the first 24 h after ICU
admission to allow calculation of LGI. Patients with pregnancy, active
malignant disease, or missing WBC or blood glucose measurements
within the first 24 h after ICU admission were excluded. After apply-
ing these criteria, 5,267 adult critically ill stroke patients were included
in the final MIMIC-IV cohort. Access to the MIMIC-IV database is
granted to individuals who have completed the Collaborative
Institutional Training Initiative (CITI) program. One author (Yu
Wang; certification number: 70805438) completed the required course
and was granted access, which was used for data extraction in this
study. The MIMIC-IV database contains de-identified electronic
health records from the intensive care units of Beth Israel Deaconess
Medical Center (19), and all personal identifiers have been removed
and replaced with randomly generated codes; therefore, additional
institutional review board approval and individual informed consent
were not required.

For the institutional cohort, we retrospectively screened consecu-
tive patients with acute stroke who were admitted to the neurosurgical
intensive care unit (NICU) of the First Affiliated Hospital of
Chongging Medical University during the study period. The definition
of stroke in the institutional cohort was based on clinicians’ compre-
hensive assessment of imaging findings and clinical features. Cases
were then identified in the electronic medical record system using
diagnostic codes and discharge diagnoses consistent with acute stroke.
The same eligibility criteria as in the MIMIC-IV cohort were applied:
age >18 years at NICU admission; first NICU admission during the
study period; and availability of WBC and blood glucose measure-
ments within the first 24 h after NICU admission. Patients with preg-
nancy, active malignant disease, or missing WBC or blood glucose
measurements within the first 24 h after NICU admission were
excluded. After screening, 424 critically ill stroke patients formed the
institutional cohort. This study was approved by the local ethics com-
mittee, and the requirement for written informed consent was waived
because of its retrospective design and use of anonymized data.

2.2 Data extraction

For the MIMIC-IV cohort, data were extracted using PostgreSQL
(version 13.7.2) and Navicat Premium (version 15) by running
Structured Query Language (SQL) queries. Clinical variables within
the first 24 h after ICU admission were collected and included: demo-
graphic data (age, sex, and height); comorbidities (hypertension, dia-
betes mellitus, myocardial infarction, heart failure, renal disease, liver
disease, and sepsis); vital signs (heart rate, respiratory rate, systolic,
diastolic and mean blood pressure, and body temperature); laboratory
parameters (WBC, hemoglobin, platelet count, blood urea nitrogen,
serum creatinine, serum sodium, potassium, chloride, calcium, anion
gap, bicarbonate, glucose, international normalized ratio [INR], and
activated partial thromboplastin time [aPTT]); and ICU severity and
treatments, including the Glasgow Coma Scale (GCS) score (20) and
the use of vasopressors, insulin therapy, statins, and mechanical ven-
tilation. For the institutional cohort, baseline clinical data were
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retrospectively retrieved from the hospital electronic medical record
system using the same time window (within 24 h of NICU admission)
and, as far as possible, the same variable definitions as in the
MIMIC-IV cohort. Demographics, comorbidities, vital signs, labora-
tory measurements, and treatments were collected in a standardized
format to ensure comparability between the two cohorts.

The LGI was calculated using the formula “LGI = WBC (x10°/L)
x blood glucose (mg/dL)/1000” (8, 9). When multiple WBC or glu-
cose measurements were available within the first 24 h after ICU/
NICU admission, LGI was calculated using the first available (i.e., first
recorded) WBC and the first available blood glucose within that 24-h
window; the two values were not required to be from the same blood
draw or recorded at the identical time. In both cohorts, patients were
categorized into LGI quartiles (Q1-Q4) at admission, with Q1 serving
as the reference group for descriptive analyses and Cox models. To
address missing data in the MIMIC-IV cohort, variables with more
than 20% missingness (height, missing in 54.2% of patients) were
excluded from multivariable modeling, whereas variables with 20% or
less missingness were handled using multiple imputation. Details of
the imputation procedure (variables included, handling of categorical
variables, and key settings) are provided in the Statistical analysis sec-
tion (2.4).

2.3 Clinical outcomes

The primary outcome of this study was all-cause mortality within
28 days after ICU admission. The secondary outcomes included all-
cause mortality within 365 days and in-hospital mortality. Mortality
information in MIMIC-IV was derived from hospital records and
validated date-of-death fields provided in the database documenta-
tion. For the institutional cohort, all-cause mortality data were
extracted from the hospital electronic medical record system and
supplemented by follow-up records. Because long-term (365-day)
follow-up data were not available for the institutional cohort, only the
primary outcome (28-day mortality) was analyzed in this cohort.

2.4 Statistical analysis

Continuous variables were summarized as medians with inter-
quartile ranges (IQR), while categorical variables were presented as
counts and percentages. The Kolmogorov-Smirnov test was applied
to assess the normality of continuous variables. Group comparisons
were performed using the Kruskal-Wallis test for continuous variables
and Pearson’s chi-square test or Fisher’s exact test for categorical vari-
ables, as appropriate. Baseline characteristics across LGI quartiles were
compared separately in the MIMIC-IV and institutional cohorts.

Kaplan-Meier survival curves were constructed to compare the
incidence of 28-day and 365-day mortality across LGI quartiles in the
MIMIC-IV cohort, and differences among groups were assessed using
log-rank tests. For the institutional cohort, Kaplan-Meier curves for
28-day mortality across LGI quartiles were also generated. Cox pro-
portional hazards regression models were used in both cohorts to
estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for
the association between LGI and mortality outcomes. In these models,
LGI was analyzed both as a continuous variable and as a categorical
variable based on quartiles, with Q1 serving as the reference group.
Potential confounders were identified based on univariable analyses
(p <0.05) and clinical relevance. Three Cox proportional hazards
models were constructed: Model 1 was unadjusted; Model 2 was
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adjusted for age and sex; Model 3 was further adjusted for GCS score
and mechanical ventilation. The extent of missing data for each study
MIMIC-IV
Supplementary Table 1. In the institutional cohort, there were no

variable in the cohort is summarized in
missing values for the variables included in the analyses; therefore, no
imputation was performed and all analyses were conducted using
complete data in the institutional cohort. As described above, in the
MIMIC-IV cohort, variables with more than 20% missingness (e.g.,
height) were not included in the multivariable models. For variables
with 20% or less missingness in the MIMIC-IV cohort, multiple impu-
tation by chained equations (MICE) was performed using the mice
package (version 3.15.0) in R (21). The imputation model included all
variables listed in Table 1 (demographics, vital signs, laboratory tests,
comorbidities, and treatments) as well as the outcome variables (28-
day and 365-day mortality status and time-to-event) to make the
Missing at Random (MAR) assumption more plausible. Predictive
Mean Matching (PMM) was used for continuous variables and logistic
regression for binary categorical variables. Five imputed datasets were
generated, with the imputation process running for 10 iterations per
dataset to achieve convergence. The results from analyses conducted
on each imputed dataset were pooled using Rubin’s rules to obtain
final parameter estimates and standard errors. As a sensitivity analysis,
we additionally performed a complete-case analysis in the MIMIC-IV
cohort, restricting Models 1-3 to the same complete-case subset
defined by complete data on all covariates included in Model 3; results
are reported in Supplementary Table 2. The proportional hazards
assumption was assessed using Schoenfeld residual plots and
Schoenfeld residual-based tests. For the LGI term in the primary
28-day mortality Cox model (Model 3) with LGI entered as a continu-
ous term, the Schoenfeld residual-based test was not significant in
either cohort (MIMIC-IV: p = 0.111; institutional cohort: p = 0.794;
Supplementary Figure 2).

In the MIMIC-IV cohort, additional analyses were undertaken to
describe the shape of the association between LGI and mortality.
Restricted cubic spline (RCS) functions with four knots (at the 5th,
35th, 65th, and 95th percentiles of the LGI distribution) were fitted in
Cox models for 28-day and 365-day mortality to visualize the dose-
response pattern without imposing a specific functional form. In addi-
tion, a piecewise Cox proportional hazards model with a single
data-driven change point (K) was fitted to provide a parsimonious
summary of the association in lower and higher LGI ranges; the esti-
mated change point was treated as a statistical approximation that aids
interpretation rather than as a precise biological threshold. Linear and
piecewise models were compared using log-likelihood ratio tests.
Nonlinear and threshold-effect analyses were not applied to the insti-
tutional cohort because of its smaller sample size.

Trend tests across LGI quartiles were performed by entering the
quartile number as a continuous variable in the regression model.
Prespecified subgroup analyses were conducted in the MIMIC-IV
cohort to evaluate the robustness of the association between LGI and
mortality across strata of age (<65 vs. >65 years), sex, GCS score (<8
vs. >8), history of myocardial infarction, diabetes mellitus, vasopres-
sor use, insulin therapy, and mechanical ventilation. Interaction
terms between LGI and each subgroup variable were examined using
likelihood ratio tests to investigate whether the association differed
across subgroups. To further assess robustness within the main expo-
sure range, key subgroup analyses were repeated in sensitivity analy-
ses restricted to patients with LGI values below the estimated change
points identified in the piecewise Cox models. Interaction analyses
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TABLE 1 Characteristics and outcomes of participants categorized by LGl in the MIMIC-IV cohort.

Categories

Overall (N = 5,267)

Q1 (N =1,316)

Q2 (N = 1,316)

Q3 (N = 1,316)

Q4 (N =1,319)

LGI 1.36 (0.91-2.07) 0.69 (0.55-0.80) 1.13 (1.02-1.24) 1.65 (1.50-1.84) 2.77 (2.35-3.58) <0.001
Demographic
Age (years) 73.00 (62.00-82.00) 73.00 (62.00-83.00) 73.00 (62.00-83.00) 72.00 (62.00-82.00) 72.00 (63.00-81.00) 0.677
Male, 1 (%) 2,782.00 (52.82%) 653.00 (49.62%) 707.00 (53.72%) 732.00 (55.62%) 690.00 (52.31%) 0.018
Clinical severity
GCS 15.00 (13.00-15.00) 15.00 (13.00-15.00) 15.00 (13.00-15.00) 14.00 (13.00-15.00) 15.00 (12.00-15.00) 0.014
Vital signs
Heart rate, beats/min 79.68 (70.92-90.08) 76.17 (67.42-86.83) 77.45 (69.70-86.80) 81.23 (73.34-91.62) 84.29 (75.39-95.00) < 0.001
SBP, mmHg 121.38 (108.50-135.17) 122.50 (109.72-135.10) 122.74 (109.28-136.74) 121.16 (108.42-135.02) 119.00 (107.29-134.21) <0.001
DBP, mmHg 64.96 (57.36-74.12) 66.50 (58.59-75.55) 65.49 (57.67-74.91) 64.58 (57.29-73.59) 63.28 (56.26-72.00) <0.001
MBP, mmHg 79.10 (71.25-88.38) 80.81 (72.36-89.67) 79.90 (71.04-89.36) 78.69 (71.13-87.66) 77.60 (70.20-86.85) <0.001
RR, breaths/min 18.36 (16.41-20.71) 17.91 (16.15-19.88) 17.96 (16.25-19.96) 18.48 (16.49-20.84) 19.30 (17.00-22.08) <0.001
Temperature, °C 36.81 (36.61-37.07) 36.76 (36.60-36.97) 36.79 (36.60-37.03) 36.83 (36.61-37.11) 36.86 (36.62-37.17) <0.001
Laboratory tests
Hemoglobin, g/dL 10.96 (9.45-12.50) 10.85 (9.30-12.50) 10.99 (9.50-12.55) 11.05 (9.60-12.50) 10.96 (9.28-12.53) 0.138
Platelet count, 10°/L 193.50 (148.00-250.67) 174.50 (131.75-221.00) 193.63 (147.59-245.00) 199.00 (154.00-256.34) 214.00 (159.67-274.00) <0.001
WBC, 10°/L 10.45 (7.70-13.90) 6.50 (5.35-7.60) 9.36 (8.10-10.80) 12.10 (10.40-14.00) 16.20 (13.30-20.00) <0.001
Anion gap, mmol/L 14.00 (12.00-16.00) 13.00 (11.00-15.00) 13.50 (11.84-15.50) 14.00 (12.00-16.00) 15.00 (13.00-17.33) <0.001
Bicarbonate, mmol/L 23.00 (21.00-25.50) 24.00 (22.00-26.00) 23.88 (21.67-26.00) 23.00 (21.00-25.33) 22.00 (19.50-24.50) <0.001
BUN, mmol/L 6.78 (4.82-11.07) 6.25 (4.49-10.00) 6.43 (4.64-10.00) 6.60 (5.00-10.53) 8.21 (5.53-13.45) <0.001
Serum creatinine, pmol/L 88.4 (66.3-129.9) 79.6 (61.9-118.5) 84.0 (66.3-120.2) 88.4 (66.3-128.2) 97.2 (70.7-152.0) <0.001
Calcium, mmol/L 2.12 (2.01-2.23) 2.15 (2.02-2.25) 2.15 (2.03-2.25) 2.11 (2.00-2.23) 2.11 (2.00-2.22) <0.001
Chloride, mmol/L 104.67 (101.00-108.00) 105.00 (102.00-108.00) 104.90 (101.50-107.50) 105.00 (101.00-108.00) 104.33 (100.50-108.00) 0.097
Glucose, mg/dL 128.00 (106.00-159.33) 102.00 (91.50-115.63) 119.00 (105.00-137.00) 136.00 (118.50-158.50) 179.50 (144.50-228.00) <0.001
Sodium, mmol/L 139.00 (137.00-141.50) 140.00 (137.00-142.00) 139.00 (137.00-141.00) 139.00 (136.67-141.00) 139.00 (136.00-141.50) <0.001
Potassium, mmol/L 4.10 (3.77-4.45) 4.00 (3.70-4.35) 4.05 (3.75-4.40) 4.10 (3.80-4.50) 4.15 (3.80-4.57) <0.001
INR 1.20 (1.10-1.43) 1.20 (1.10-1.40) 1.20 (1.10-1.40) 1.23 (1.10-1.40) 1.25 (1.10-1.50) <0.001
aPTT,s 30.70 (27.10-38.13) 31.30 (27.90-38.90) 30.40 (27.13-36.20) 30.30 (26.88-37.32) 30.80 (26.65-40.10) <0.001

(Continued)
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TABLE 1 (Continued)

Categories

Comorbidities

Overall (N = 5,267)

Q1 (N = 1,316)

Q2 (N = 1,316)

Q3 (N =1,316)

Q4 (N =1,319)

ML, n (%) 389.00 (7.39%) 53.00 (4.03%) 81.00 (6.16%) 105.00 (7.98%) 150.00 (11.37%) <0.001
HE n (%) 1,620.00 (30.76%) 371.00 (28.19%) 375.00 (28.50%) 419.00 (31.84%) 455.00 (34.50%) <0.001
Hypertension, 1 (%) 2,696.00 (51.19%) 641.00 (48.71%) 710.00 (53.95%) 699.00 (53.12%) 646.00 (48.98%) 0.008
LD, n (%) 233.00 (4.42%) 87.00 (6.61%) 41.00 (3.12%) 55.00 (4.18%) 50.00 (3.79%) <0.001
DM, n (%) 1,905.00 (36.17%) 471.00 (35.79%) 449.00 (34.12%) 486.00 (36.93%) 499.00 (37.83%) 0.223
RD, 1 (%) 2,010.00 (38.16%) 429.00 (32.60%) 439.00 (33.36%) 509.00 (38.68%) 633.00 (47.99%) <0.001
Sepsis, 1 (%) 588.00 (11.16%) 83.00 (6.31%) 114.00 (8.66%) 138.00 (10.49%) 253.00 (19.18%) <0.001
Treatment
Statin, 71 (%) 1,018.00 (19.33%) 251.00 (19.07%) 267.00 (20.29%) 269.00 (20.44%) 231.00 (17.51%) 0.198
Vasopressor, 1 (%) 1,995.00 (37.88%) 315.00 (23.94%) 486.00 (36.93%) 554.00 (42.10%) 640.00 (48.52%) <0.001
Insulin, 1 (%) 218.00 (4.14%) 23.00 (1.75%) 27.00 (2.05%) 50.00 (3.80%) 118.00 (8.95%) <0.001
MV, 1 (%) 3,276.00 (62.20%) 657.00 (49.92%) 791.00 (60.11%) 905.00 (68.77%) 923.00 (69.98%) <0.001
Outcomes
28-day mortality, n (%) 707.00 (13.42%) 88.00 (6.69%) 121.00 (9.19%) 187.00 (14.21%) 311.00 (23.58%) <0.001
365-day mortality, 1 (%) 850.00 (16.14%) 128.00 (9.73%) 156.00 (11.85%) 217.00 (16.49%) 349.00 (26.46%) <0.001
Hospital mortality, n (%) 312.00 (5.92%) 63.00 (4.79%) 67.00 (5.09%) 81.00 (6.16%) 101.00 (7.66%) 0.008
LOS hospital, days 7.12 (3.98-12.67) 5.93 (3.14-10.88) 7.05 (4.03-12.43) 7.64 (4.59-12.92) 7.90 (4.47-13.98) <0.001

LGI, leuko-glycemic index; GCS, Glasgow Coma Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; RR, respiratory rate; WBC, white blood cell; BUN, blood urea nitrogen; INR, international normalized ratio; aPTT, activated

partial thromboplastin time; LOS, length of stay; MI, myocardial infarction; HE, heart failure; LD, liver disease; DM, diabetes mellitus; RD, renal disease; MV, mechanical ventilation.
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(A)

in the MIMIC-IV (n = 6645)

Patients with a diagnosis of acute stroke during the first ICU admission

Excluded:
- Age < 18 years (n =0)

- Active malignancy or pregnancy (n = 1153)
- Missing white blood cell count or glucose data on
the first day of admission (n = 225)

[ Analysis Cohort (n = 5267)

l

Quartile 1

(n=1316) (n=1316) (n=1316)

Quartile 2 } Quartile 3 ]

Quartile 4
(n=1319)

(B)

admission in the institutional cohort (n = 434)

Patients with a diagnosis of acute stroke during the first NICU

Excluded:
- Age < 18 years (n = 0)

- Active malignancy or pregnancy (n =9)
- Missing white blood cell count or glucose data on
the first day of admission (n = 1)

Analysis Cohort (n =424)

Quartile 1
(n=106)

Quartile 2
(n=106)

Quartile 3
(n=106)

Quartile 4
(n=106)

FIGURE 1

unit.

Flowchart of patient selection in the MIMIC-IV cohort (A) and in the institutional cohort (B). ICU, intensive care unit; NICU, neurosurgical intensive care

were considered exploratory, and no formal adjustment for multiple
comparisons was performed. All analyses were conducted using R
software (version 4.2.3) and SPSS 22.0 (IBM Corp., Armonk, NY,
USA). Two-sided p values < 0.05 were considered statistically
significant.

3 Results

3.1 Comparison of patients’ baseline
information

A total of 5,267 adult critically ill stroke patients from the
MIMIC-IV cohort and 424 patients from the institutional cohort at a
Chinese neurosurgical ICU were included in the final analysis
(Figure 1). In both cohorts, baseline characteristics were compared
across LGI quartiles (Q1-Q4), as summarized in Table 1 (MIMIC-IV
cohort) and Table 2 (institutional cohort). Details of missingness for
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the MIMIC-IV
Supplementary Table 1. In the institutional cohort, no missing data

variables  in cohort are provided in
were observed for the variables analyzed.

In the MIMIC-IV cohort (Table 1), higher LGI quartiles were asso-
ciated with a progressively more adverse clinical profile. Patients in
Q3-Q4 had higher heart rates and respiratory rates and slightly lower
systolic, diastolic, and mean blood pressures compared with those in
QI. Laboratory parameters showed a stepwise increase in WBC, blood
glucose, blood urea nitrogen, serum creatinine, anion gap, and platelet
count across LGI categories, accompanied by lower bicarbonate levels.
The prevalence of major comorbidities, including myocardial infarc-
tion, heart failure, renal disease, and sepsis, also increased with rising
LGI. Consistently, the use of vasopressors, insulin, and mechanical
ventilation was more frequent in the higher LGI groups, and patients
in Q4 experienced the highest in-hospital, 28-day, and 365-day mortal-
ity rates, as well as the longest hospital length of stay.

In the institutional cohort (Table 2), the overall median LGI at
admission was 1.13 (IQR 0.80-1.72). Age and sex distribution were
broadly similar across LGI quartiles. However, higher LGI was
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TABLE 2 Characteristics and outcomes of participants categorized by LGl in the institutional cohort.

Categories Overall (N = 424) Q1 (N = 106) Q2 (N = 106) Q3 (N = 106) Q4 (N = 106)
LGI 1.13 (0.80-1.72) 0.60 (0.50-0.70) 0.97 (0.90-1.04) 1.42 (1.28-1.53) 2.23 (1.95-2.99) <0.001
Demographic
Age (years) 60.00 (52.00-69.00) 57.00 (50.00-68.00) 61.00 (53.00-72.00) 61.50 (53.00-70.00) 59.00 (52.00-69.00) 0.062
Male, 11 (%) 207.00 (48.82%) 55.00 (51.89%) 52.00 (49.06%) 51.00 (48.11%) 49.00 (46.23%) 0.871
Clinical severity
GCS 13.00 (11.00-14.00) 13.00 (11.00-15.00) 13.00 (12.00-15.00) 13.00 (11.00-14.00) 12.00 (8.00-14.00) <0.001
Vital signs
Heart rate, beats/min 79.00 (70.00-89.00) 77.00 (70.00-87.00) 78.00 (66.00-88.00) 78.00 (70.00-89.00) 82.50 (73.00-94.00) 0.050
SBP, mmHg 144.00 (131.00-159.00) 139.50 (127.00-156.00) 142.50 (127.00-157.00) 143.50 (133.00-159.00) 150.50 (135.00-166.00) 0.006
DBP, mmHg 86.00 (76.00-96.00) 87.00 (77.00-96.00) 83.00 (74.00-92.00) 85.50 (79.00-93.00) 87.00 (76.00-99.00) 0.194
MBP, mmHg 105.17 (95.33-116.00) 105.33 (93.33-112.33) 101.00 (93.00-113.33) 105.00 (97.33-116.67) 107.50 (97.67-118.00) 0.049
RR, breaths/min 18.00 (16.00-20.00) 19.00 (17.00-20.00) 18.00 (16.00-20.00) 17.00 (15.00-20.00) 18.00 (15.00-20.00) 0.185
Temperature, °C 36.50 (36.40-36.70) 36.50 (36.40-36.70) 36.50 (36.40-36.70) 36.50 (36.50-36.70) 36.55 (36.40-36.70) 0.518
Laboratory tests
Hemoglobin, g/dL 13.25 (12.10-14.40) 13.20 (12.20-14.30) 13.15 (12.00-14.40) 13.35 (12.10-14.30) 13.50 (12.20-14.60) 0.776
Platelet count, 10%/L 202.00 (164.00-245.00) 188.00 (151.00-240.00) 182.50 (145.00-228.00) 208.50 (174.00-253.00) 221.50 (182.00-265.00) <0.001
WBC, 10%/L 8.80 (6.80-11.68) 6.02 (5.18-6.98) 8.32 (6.71-9.20) 10.35 (8.78-11.59) 14.20 (11.69-17.35) <0.001
Anion gap, mmol/L 15.30 (13.30-17.20) 14.05 (11.80-15.80) 15.00 (13.10-16.80) 15.30 (13.40-17.10) 17.10 (15.10-19.30) <0.001
Bicarbonate, mmol/L 23.00 (21.00-25.10) 23.90 (22.10-25.90) 22.90 (21.20-24.90) 22.65 (21.10-25.10) 21.90 (20.00-24.60) <0.001
BUN, mmol/L 5.10 (4.00-6.20) 5.10 (3.90-6.00) 4.80 (3.70-6.50) 5.40 (4.20-6.40) 4.90 (4.20-6.00) 0.237
Serum creatinine, pmol/L 61.00 (50.00-74.00) 64.00 (54.00-74.00) 57.00 (51.00-73.00) 61.00 (51.00-75.00) 60.50 (48.00-74.00) 0.274
Calcium, mmol/L 2.24 (2.16-2.31) 2.23 (2.17-2.30) 2.24 (2.16-2.31) 2.24 (2.14-2.31) 2.24 (2.17-2.32) 0.899
Chloride, mmol/L 105.00 (102.00-107.00) 105.00 (103.00-108.00) 105.00 (103.00-108.00) 104.00 (102.00-107.00) 103.00 (101.00-106.00) <0.001
Glucose, mg/dL 126.00 (104.40-160.20) 94.50 (86.40-106.20) 117.00 (108.00-133.20) 131.40 (126.00-154.80) 180.00 (145.80-219.60) <0.001
Sodium, mmol/L 139.50 (137.00-141.00) 140.00 (138.00-142.00) 140.00 (137.00-141.00) 139.00 (137.00-141.00) 139.00 (137.00-141.00) 0.339
Potassium, mmol/L 3.80 (3.50-4.00) 3.90 (3.60-4.10) 3.90 (3.60-4.10) 3.70 (3.50-4.00) 3.75 (3.40-4.00) 0.016
INR 1.00 (0.95-1.05) 0.98 (0.94-1.03) 1.02 (0.96-1.06) 1.01 (0.95-1.06) 1.00 (0.95-1.07) 0.050
aPTT, s 31.70 (28.50-34.85) 33.00 (30.40-36.70) 31.75 (28.80-34.40) 32.15 (29.30-35.80) 29.70 (25.80-32.10) <0.001
Comorbidities
ML 1 (%) 13.00 (3.07%) 3.00 (2.83%) 3.00 (2.83%) 2.00 (1.89%) 5.00 (4.72%) 0.680
HE n (%) 9.00 (2.12%) 1.00 (0.94%) 1.00 (0.94%) 2.00 (1.89%) 5.00 (4.72%) 0.181
Hypertension, 1 (%) 232.00 (54.72%) 50.00 (47.17%) 49.00 (46.23%) 65.00 (61.32%) 68.00 (64.15%) 0.011

(Continued)
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LGI, leuko-glycemic index; GCS, Glasgow Coma Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; RR, respiratory rate; WBC, white blood cell; BUN, blood urea nitrogen; INR, international normalized ratio; aPT'T, activated

partial thromboplastin time; LOS, length of stay; MI, myocardial infarction; HE heart failure; LD, liver disease; DM, diabetes mellitus; RD, renal disease; MV, mechanical ventilation.
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associated with more pronounced physiological and biochemical
derangements. Patients in Q3-Q4 had higher WBC counts, blood
glucose levels, and anion gap values and lower bicarbonate concentra-
tions compared with those in Q1, and heart rate as well as systolic and
mean blood pressure tended to be higher in the upper LGI quartiles.
The prevalence of hypertension and diabetes mellitus tended to be
higher in the upper LGI quartiles, with the highest proportions
observed in Q4. The use of vasopressors and insulin therapy was also
more frequent in patients with higher LGI, particularly in Q4.
Consistent with these patterns, 28-day mortality, in-hospital mortality,
and hospital length of stay were highest in Q4.

3.2 Survival analysis

Kaplan-Meier survival curves based on LGI quartiles in the
MIMIC-IV cohort are presented in Figure 2. The incidence of the
primary outcome differed significantly across LGI groups. Over the
first 28 days of follow-up, patients with higher LGI values showed pro-
gressively lower survival probabilities, with 28-day mortality increas-
ing stepwise from Q1 to Q4 (log-rank p < 0.001; Figure 2A). A similar
pattern was observed for long-term outcomes. During 365 days of
follow-up, the Kaplan-Meier curves continued to diverge across LGI
quartiles, and patients in the highest LGI group (Q4) experienced the
poorest survival, whereas those in the lowest LGI group (Q1) had the
most favorable prognosis (log-rank p < 0.001; Figure 2B). In the insti-
tutional cohort, Kaplan-Meier curves for 28-day mortality across LGI
quartiles (Supplementary Figure 1) showed a similar pattern, with
progressively lower survival in higher LGI groups.

3.3 Association between LGl and outcome
events

The proportional hazards assumption was assessed using
Schoenfeld residual plots. For the primary 28-day mortality Cox
model (Model 3) with LGI entered as a continuous term, the
Schoenfeld residual diagnostics suggested no meaningful violation of
cohort
(Supplementary Figure 2); the Schoenfeld residual-based test for the
LGI term was not significant in the MIMIC-IV cohort (p = 0.111) or
the institutional cohort (p = 0.794). In the MIMIC-IV cohort, higher
LGI levels were consistently associated with increased risks of both

the proportional hazards assumption in either

28-day and 365-day all-cause mortality, as summarized in Table 3 and
depicted in Figures 3A,B. Crude 28-day mortality increased from
6.69% in Q1 to 23.58% in Q4, and 365-day mortality from 9.73 to
26.46%, with the highest event rates consistently observed in the Q4
group. When LGI was modeled as a continuous variable, each 1-unit
increase in LGI was associated with a higher hazard of death in the
fully adjusted Cox model (Model 3) for both 28-day mortality (HR
1.179, 95% CI 1.150-1.209, p < 0.001) and 365-day mortality (HR
1.169,95% CI 1.142-1.197, p < 0.001). Compared with patients in the
lowest LGI quartile (Q1), those in higher quartiles had progressively
elevated risks of death. In Model 3, the HRs for 28-day mortality were
1.244 (95% CI 0.945-1.638) for Q2, 1.834 (95% CI 1.420-2.367) for
Q3, and 3.259 (95% CI 2.568-4.138) for Q4 (p for trend < 0.001). A
similar graded pattern was observed for 365-day mortality, with HRs
of 1.143 (95% CI 0.904-1.445) for Q2, 1.561 (95% CI 1.252-1.946)
for Q3, and 2.703 (95% CI 2.203-3.317) for Q4 (p for trend < 0.001).
In a complete-case sensitivity analysis of the MIMIC-IV cohort
(n =3,764; 71.46% of the original cohort), the association between

frontiersin.org


https://doi.org/10.3389/fmed.2026.1755389
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wang et al.

p for trend

O
|
=
(o]
w
9
=
S
o
S
¢

Continuous

28-day mortality in the MIMIC-1V cohort

Characteristic

TABLE 3 Cox proportional hazards models for all-cause mortality.

- =] = - = = - | =
o | o | @ S| o | @ o | o | F
el =A== 21218
vV | V| V vV | V|V Vv | Vv
Al E | A x| x| x EN NN
g8 pEg&5 §z2¢g
2|~ N R | @ D
19T Tl 8 & =
| L A |
— | \O | © ~ | O | o0
S| 8| ¢ = | 9| o I B R
| = nn | n N«
el g aiags ol d =
o | N ] | | N
A —~ | n ©o | < | o 28| X
Qe S| =N n|wn | ®
2158 553 gz
¥ | S| 9 S| | ¥ S| K| ¥
© | & | @ Q| a9
REBN T 223
NN o |
aN | O | O n | n |
o | Iy | —~
— | mn | NN | N
ISR | <A 123
(sl el e \a’ I NE RS
o || © | o = NS F
S | n | o0 ~ | = | O
Q| N R | W BN
NN - _ =]~ NN
* | F | o~ ~| ~ | =~ ~| ~| ~
LTI R| = || o | | I~
Nmm n | o | T o | oen |y
® | x| 2 non KEEINVEEN
=T TT T STy
bS] w INEES RS = ]
nl 38X N | ©| o S| © | ©
S| S| @ Q| DD ol
i i A = S| S| S S| S| S
=2 e SARCARC) SARCARC)
w | o | T T 9| o o | = | Q
SR = o | ¥ = S| o |
w | a9 NN o | wn
RET L B N i Rt g
V| L WL L | V| L v | V| W
Q| O Q| O | Q Q| O
S| g g a2 g g s 8| 8
L | L | L v | Vv W L | V| L
e | e S R L T B
Sl &g el g8 & Sl e 8
L | V| WL L | | L L | L W
|| & X | & & | 2| &
* | ¥ | * * | % | % * | ¥ | ®
LI N AR AR A
S | n | — | O | Ix D | O |
= =] S| N D ® | | I
N QA Q| = = *® x|
T7 sl T A Tle T T
| ool Q9lalu|lalf|la|lxw|o
LIRSS 293883
Slalal8l2l2lalll2 22
|22 ||z ||z
m0\0\>m~c\mmo~
o N N|Z| NNl O S o =0
e T I e B R R B O e B B IR
R BT O R I B I e I B B B B B
= S
= =
f -
s 7]
=
) £
< ]
b <
£ c
> £
2 >
_— -
S =
< S
g 5
= i
i B A B Aol B B B e B B i
9| 9| 0| ' O| @ ©| O O w| @
I IR IR
2l =2l=2m =2 226|222

Frontiers in Medicine

Model 1: unadjusted. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex, Glasgow Coma Scale, and mechanical ventilation. *p < 0.05. For the institutional cohort, quartile-based estimates should be interpreted with caution because of the relatively small sample

size and limited number of events.

09

10.3389/fmed.2026.1755389

LGI and mortality remained consistent (Supplementary Table 2). In
the fully adjusted model (Model 3), the HRs for 28-day mortality
across LGI quartiles were 1.288 (95% CI 0.933-1.777) for Q2, 1.894
(95% CI 1.406-2.551) for Q3, and 3.020 (95% CI 2.277-4.006) for Q4
(p for trend < 0.001). Similarly, the HRs for 365-day mortality were
1.147 (95% CI 0.878-1.500) for Q2, 1.502 (95% CI 1.166-1.935) for
Q3, and 2.414 (95% CI 1.904-3.061) for Q4 (p for trend < 0.001).

In the institutional cohort, the direction of association between
LGI and 28-day mortality was concordant with that observed in the
MIMIC-IV cohort (Table 3). In the fully adjusted model (Model 3),
LGI as a continuous variable remained significantly associated with
28-day mortality (HR 1.351, 95% CI 1.090-1.675, p < 0.05). Using Q1
as the reference, patients in Q4 had a markedly higher risk of 28-day
death (HR 4.374, 95% CI 1.270-15.063), while HRs for Q2 and Q3
were 1.542 (95% CI 0.367-6.477) and 1.646 (95% CI 0.419-6.466),
respectively (p for trend = 0.004). Although the CIs were wider than
in the MIMIC-IV cohort—reflecting the smaller sample size and
fewer events—the overall pattern supported a positive, dose-response
relationship between LGI and short-term mortality in the external
cohort. Because long-term (365-day) follow-up data were not available
for the institutional cohort, only the primary outcome of 28-day all-
cause mortality was evaluated in this cohort. In the institutional
cohort, quartile-based estimates warrant cautious interpretation given
the relatively small sample size and limited events.

To further describe the association between LGI and mortality,
RCS analyses were performed in the MIMIC-IV cohort (Figures 3C,D).
These analyses revealed a positive but nonlinear association between
LGI and mortality, with risk rising steeply from low to moderate LGI
levels and then increasing more gradually at higher levels. In the
piecewise Cox proportional hazards models with a single change
point, the estimated inflection points were 2.89 for 28-day mortality
and 3.00 for 365-day mortality (Table 4). Below these points, LGI
showed a strong association with mortality (28-day mortality: HR
1.95, 95% CI 1.77-2.15; 365-day mortality: HR 1.72, 95% CI 1.58-
1.88; both p < 0.001), whereas above these inflection points the slope
of the association was markedly attenuated (28-day mortality: HR
1.05, 95% CI 1.00-1.11, p = 0.045; 365-day mortality: HR 1.06, 95%
CI 1.02-1.11, p = 0.009). The log-likelihood ratio tests indicated that
the two-segment models provided a significantly better fit than a
single linear term for LGI (both p < 0.001).

3.4 Subgroup analysis

To evaluate the robustness of the association between LGI and
mortality and to explore potential effect modification, subgroup
analyses with interaction tests were performed in the MIMIC-IV
cohort, stratified by age, sex, GCS score, history of myocardial infarc-
tion, diabetes mellitus, vasopressor use, insulin therapy, and mechan-
ical ventilation status (Figures 4, 5). For 28-day mortality, higher LGI
was consistently associated with an increased risk of death across all
strata, with HR remaining above 1.0 in each subgroup. The strength
of this association varied, with statistically significant effect modifica-
tion observed for age (p for interaction < 0.001), sex (p for interac-
tion = 0.009), diabetes mellitus (p for interaction = 0.006), and
insulin therapy (p for interaction = 0.048). In general, the association
between LGI and 28-day mortality appeared stronger among younger
patients (<65 years), men, individuals without diabetes, and those
receiving insulin therapy. No significant effect modification was
detected for GCS score, myocardial infarction, vasopressor use, or
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Kaplan—Meier survival curves for 28-day (A) and 365-day (B) all-cause mortality according to LGl quartiles in the MIMIC-IV cohort. The table below
each panel shows the number of patients at risk at different time points. LGI, leuko-glycemic index.
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Association between LGl and all-cause mortality in critically ill patients with acute stroke in the MIMIC-IV cohort. (A) Comparison of 28-day all-cause
mortality across LGl quartiles. (B) Comparison of 365-day all-cause mortality across LGl quartiles. (C,D) Restricted cubic spline (RCS) curves showing
the adjusted HR for all-cause mortality across the continuous LGl range. The vertical dashed lines indicate the inflection points identified by the
piecewise Cox regression models with a single change point (Table 4), overlaid on the RCS curves for visual reference. Solid lines represent the fully
adjusted HR, shaded areas represent 95% Cl, and the horizontal dashed line indicates the reference HR of 1.0. (C) RCS for 28-day mortality. (D) RCS for
365-day mortality. LGI, leuko-glycemic index; HR, hazard ratio; Cl, confidence interval.
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TABLE 4 Threshold effect analysis in the MIMIC-IV cohort.

10.3389/fmed.2026.1755389

Model/Segment 28-day mortality 365-day mortality
Cox model with LGI as a linear term 1.18 (1.15-1.21) p < 0.001 1.17 (1.15-1.20) p < 0.001
Inflection point (K) in piecewise Cox model 2.89 3.00
<K 1.95 (1.77-2.15) p < 0.001 1.72 (1.58-1.88) p < 0.001
>K 1.05 (1.00-1.11) p = 0.045 1.06 (1.02-1.11) p = 0.009
log-likelihood ratio test p<0.001 p<0.001
Subgroup 28-day mortality HR (95% CI) P for interaction
Overall 707/5267 1.18 (1.15, 1.21) -
Age <0.001
<65 140/1550 1.36 (1.26, 1.48) e a—
>65 567/3717 1.17 (1.14, 1.20) ——
Sex 0.009
Female 352/2485 1.16 (1.12, 1.19) —e—
Male 355/2782 1.22 (1.18, 1.26) —a—
Glasgow Coma Scale 0.074
3-8 167/533 1.11 (1.03, 1.19) —
9-15 540/4734 1.18 (1.16, 1.21) -—
Diabetes mellitus 0.006
No 455/3362 1.24 (1.19, 1.29) —e
Yes 252/1905 1.16 (1.12, 1.19) ——
Insulin therapy 0.048
No 667/5049 1.17 (1.15, 1.20) --—
Yes 40/218 1.41 (1.21, 1.64) _———
Mechanical ventilation 0.276
No 125/1991 1.16 (1.09, 1.22) —
Yes 582/3276 1.19 (1.16, 1.22) ——
Myocardial infarction 0.153
No 632/4878 1.18 (1.15, 1.20) —
Yes 75/389 1.27 (1.12, 1.44) —_—
Vasopressor use 0.276
No 296/3272 1.17 (1.13, 1.21) ——
Yes 411/1995 1.20 (1.15, 1.26) —
[ I I T I |
1.0 1.1 12 1.4 1.6 1.8
FIGURE 4
Subgroup analysis of the association between LGl and 28-day all-cause mortality in the MIMIC-IV cohort. The HR represents the risk per 1-unit increase
in the leuko-glycemic index (LGI) within each subgroup. Estimates are HRs and 95% Cls derived from Cox proportional hazards regression models
(Model 2, as defined in Methods). In each subgroup analysis, the subgroup variable was not additionally adjusted for. The p value for interaction tests
whether the association between LGl and 28-day mortality differs across categories of age (<65 vs. >65 years), sex, GCS score (<8 vs. >8), myocardial
infarction, diabetes mellitus, vasopressor use, insulin therapy, or mechanical ventilation. LGI, leuko-glycemic index; HR, hazard ratio; Cl, confidence
interval.

mechanical ventilation status with respect to 28-day mortality (all p
for interaction > 0.05).

For 365-day all-cause mortality, elevated LGI was likewise associ-
ated with higher risk in all examined subgroups. Significant effect
modification was again noted for age (p for interaction = 0.001), sex
(p for interaction = 0.006), and diabetes mellitus (p for interac-
tion = 0.029), with a generally stronger association in younger
patients, men, and those without diabetes, whereas no statistically
significant effect modification was found for GCS score, myocardial
infarction, vasopressor use, mechanical ventilation, or insulin therapy
(all p for interaction > 0.05).
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Because the number of patients with very high LGI values above
the estimated change points from the threshold-effect analysis
(approximately 2.89 for 28-day mortality and 3.00 for 365-day mortal-
ity) was limited, additional sensitivity analyses were conducted by
restricting the MIMIC-IV cohort to patients with LGI values below
these change points (Supplementary Figures 3, 4). Within this main
exposure range, the overall positive association between LGI and both
28-day and 365-day mortality remained evident, and in many sub-
groups the HRs continued to suggest higher risk with increasing LGI,
although in some strata the estimates were closer to unity or even
slightly below 1.0. For 28-day mortality, the effect modification by age,
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Subgroup 365-day mortality  HR (95% CI) P for interaction
Overall 850/5267 1.17 (1.15, 1.20) -

Age 0.001
<65 169/1550 1.34 (1.24, 1.44) —
>65 681/3717 1.16 (1.13, 1.19) ——
Sex 0.006
Female 420/2485 1.15(1.12, 1.18) —-—
Male 430/2782 1.22 (1.18, 1.26) —a—
Glasgow Coma Scale 0.123
3-8 184/533 1.11 (1.04, 1.19) —
9-15 666/4734 1.17 (1.15, 1.20) --—
Diabetes mellitus 0.029
No 545/3362 1.22 (1.17, 1.26) ——
Yes 305/1905 1.15(1.12, 1.19) —a—
Insulin therapy 0.109
No 797/5049 1.17(1.14,1.19) —
Yes 53/218 1.34 (1.16, 1.54) —_——
Mechanical ventilation 0.243
No 212/1991 1.15 (1.10, 1.20) ——
Yes 638/3276 1.18 (1.15, 1.21) —-—
Myocardial infarction 0.169
No 765/4878 1.17 (1.14, 1.20) —-—
Yes 85/389 1.25 (1.10, 1.41) —_—
Vasopressor use 0.349
No 376/3272 1.16 (1.12, 1.20) —a—
Yes 474/1995 1.19 (1.14, 1.24) —a—
[ I T | T |
1.0 1.1 12 1.4 1.6 1.8
FIGURE 5
Subgroup analysis of the association between LGl and 365-day all-cause mortality in the MIMIC-IV cohort. The HR represents the risk per 1-unit increase
in the leuko-glycemic index (LGI) within each subgroup. Estimates are HRs and 95% Cls derived from Cox proportional hazards regression models (model
2, as defined in Methods). In each subgroup analysis, the subgroup variable was not additionally adjusted for. The p value for interaction tests whether the
association between LGl and 365-day mortality differs across categories of age (<65 vs. >65 years), sex, GCS score (<8 vs. >8), myocardial infarction,
diabetes mellitus, vasopressor use, insulin therapy, or mechanical ventilation. LG, leuko-glycemic index; HR, hazard ratio; Cl, confidence interval.

sex, diabetes mellitus, and insulin therapy that was statistically signifi-
cant in the primary analyses was no longer statistically significant in
the restricted analyses, whereas interactions with GCS score and vaso-
pressor use reached nominal significance. For 365-day mortality, after
restriction to LGI values below the change point, interaction terms for
age and sex were no longer statistically significant, whereas the inter-
action with diabetes mellitus remained significant, with the direction
of effect differing from the primary analysis, and interaction p values
for insulin therapy and vasopressor use were also < 0.05. These shifts
in p for interaction likely reflect the reduced number of events and
narrower exposure range in the restricted cohort and therefore should
be interpreted cautiously. Overall, despite some inconsistencies in
interaction patterns, the subgroup and sensitivity analyses support
LGI as a robust prognostic marker in critically ill stroke patients, while
suggesting potential heterogeneity of effects across demographic and
metabolic strata. All interaction analyses were considered exploratory,
and no formal adjustment for multiple comparisons was performed.

4 Discussion

In this study, we found that LGI was significantly associated with
mortality in critically ill stroke patients across two independent
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cohorts. Our findings indicate that elevated LGI is significantly asso-
ciated with higher 28-day and 365-day all-cause mortality after mul-
tivariable adjustment, supporting its value as a practical marker
reflecting combined inflammatory burden and stress hyperglycemia.
In descriptive analyses, in-hospital mortality was also highest in the
top LGI quartile in both cohorts. Notably, the LGI-mortality associa-
tion was not strictly linear; instead, it followed a nonlinear pattern,
with risk rising steeply from low to moderate LGI values and then
increasing more gradually at higher levels. It should be noted that the
inflection points identified in the threshold analyses represent statis-
tical approximations rather than exact biological cutoffs, and are
intended to facilitate clinical interpretation of the nonlinear patterns
observed in the spline models. In our data, these inflection points
were located around LGI values of 2.9-3.0, roughly corresponding to
the higher end of the LGI distribution, suggesting that most of the
prognostic information is concentrated within a moderate range of
LGI values before risk begins to plateau. At very low LGI values, the
confidence intervals were wide and encompassed unity, suggesting
limited precision of the risk estimates in this extreme range. Findings
from the external institutional cohort were directionally consistent,
with higher LGI associated with higher 28-day and in-hospital mor-
tality and a significant effect when modeled continuously; however,
only the top LGI quartile reached statistical significance and confi-
dence intervals were wide, reflecting the small sample size and
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limited events, so estimates from this cohort should be interpreted
with caution. Collectively, these data suggest that LGI may be a useful
tool for early risk stratification in critically ill stroke patients, a setting
in which accessible and reliable prognostic indicators remain limited.

LGI has recently emerged as a composite biomarker that inte-
grates information on systemic inflammation and glycemic distur-
bance and has been linked to prognosis in conditions such as
coronary artery disease, COVID-19, and trauma (8-10, 22).
Conceptually, LGI captures two central components of the acute
stress response—leukocytosis and hyperglycemia—which often occur
simultaneously and interact biologically. Observational studies have
shown that both elevated WBC and stress hyperglycemia are associ-
ated with worse outcomes after stroke, including larger infarct vol-
umes, higher rates of hemorrhagic transformation, poorer functional
recovery, and greater short- and long-term mortality (23-26). From
a mechanistic perspective, leukocytosis reflects activation of innate
immunity and cytokine cascades; infiltrating neutrophils and mono-
cytes can promote microvascular plugging, endothelial dysfunction,
and release of reactive oxygen species and proteolytic enzymes,
thereby intensifying secondary brain injury and peri-infarct inflam-
mation (27). Meanwhile, hyperglycemia amplifies oxidative stress,
enhances leukocyte adhesion and migration, and exacerbates blood-
brain barrier disruption and cerebral edema (28-32). Importantly,
these two processes may reinforce each other: inflammation induces
insulin resistance and neuroendocrine stress activation, whereas
hyperglycemia amplifies inflammatory signaling and leukocyte adhe-
sion, forming a vicious cycle. Thus, the association between LGI and
mortality observed in our study is biologically plausible and supports
the idea that LGI reflects the synergistic inflammatory-metabolic
burden after acute stroke, providing an integrated marker of systemic
stress that is particularly relevant in critically ill patients.

Beyond reflecting two parallel stress pathways, an elevated LGI
may also indicate a pathophysiological milieu in which inflamma-
tion and dysglycemia mutually reinforce each other after acute
stroke. Systemic inflammatory activation can trigger neuroendo-
crine responses and cytokine-mediated insulin resistance, promot-
ing stress hyperglycemia (33-36), whereas hyperglycemia further
potentiates inflammatory signaling (37, 38), creating a self-amplify-
ing cycle. This interaction may accelerate ischemic and hemorrhagic
injury through several mechanisms: heightened pro-thrombotic
tendency and platelet activation, impaired microcirculatory perfu-
sion, and greater vulnerability of the blood-brain barrier to oxida-
(39-42). addition,
leukocyte-endothelial interactions and glucose-driven metabolic

tive and inflammatory damage In
toxicity may worsen cerebral edema, increase intracranial pressure,
and predispose to secondary complications such as infection or
multi-organ dysfunction in the ICU setting (43-45). Therefore, LGI
likely serves not only as a composite snapshot of acute physiological
stress but also as a surrogate of the intertwined inflammatory-met-
abolic cascade that contributes to early neurological deterioration
and long-term mortality. These mechanistic considerations provide
a rationale for the heterogeneity of the LGI-mortality association
observed across clinical subgroups.

Subgroup analyses suggested that the prognostic effect of LGI on
mortality was not entirely uniform across patient strata (Figures 4, 5).
For both 28-day and 365-day mortality, the positive association
between LGI and risk of death was present in all examined sub-
groups, but tended to be stronger in younger patients (<65 years), in
men, and in patients without diabetes mellitus, with statistically
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significant interactions for age, sex, and diabetes mellitus. In addition,
for 28-day mortality the association appeared more pronounced
among patients receiving insulin therapy. No meaningful effect modi-
fication was observed for GCS score, history of myocardial infarction,
vasopressor use, or mechanical ventilation status. Taken together,
these findings reinforce LGI as a broadly useful marker while suggest-
ing that its risk signal may be especially strong in younger, male,
nondiabetic, and insulin-treated patients; however, these apparent
differences should be interpreted cautiously because several sub-
groups, particularly those defined by specific treatments, contained
relatively few events, which limits the precision of the interaction
estimates. From a clinical standpoint, our results highlight LGI as a
potentially useful and easily accessible tool for identifying high-risk
patients among those admitted to the ICU with stroke. Because LGI
is calculated from WBC and blood glucose measurements that are
universally available in emergency and critical care settings, it could
be readily incorporated into existing assessment protocols without
additional cost or testing burden. Patients with markedly elevated
LGI might benefit from closer monitoring, more aggressive manage-
ment of hyperglycemia and systemic inflammation, and heightened
vigilance for secondary complications. At the same time, LGI should
not be regarded as a stand-alone diagnostic criterion but rather as a
complementary marker that adds incremental prognostic informa-
tion to clinical judgment, imaging findings, and validated severity
scores. Future work is needed to determine whether interventions
that modulate components of LGI—such as optimized glycemic con-
trol or targeted anti-inflammatory strategies—can translate into
improved outcomes in this high-risk population. These patterns were
generally preserved in sensitivity analyses restricted to patients with
LGI the
(Supplementary Figures 3, 4). Within this main exposure range, the

values  below estimated  change  points
overall pattern of a positive association between LGI and both 28-day
and 365-day mortality was preserved, with hazard ratios generally
above 1.0 across most examined subgroups, whereas several interaction
terms that were statistically significant in the full cohort lost signifi-
cance and a few new nominal interactions emerged. This behavior sug-
gests that at least part of the apparent effect modification by age, sex,
diabetes mellitus, insulin therapy, and vasopressor therapy may be
driven by patients with extreme LGI values in the full cohort and by
the reduced number of outcome events within certain strata in the
restricted analyses, both of which make the interaction estimates less
stable. Accordingly, all subgroup findings should be regarded as explor-
atory and hypothesis-generating rather than definitive.

Several limitations of this study should be acknowledged. First,
the retrospective observational design inherently limits causal infer-
ence, and residual confounding cannot be excluded despite extensive
multivariable adjustment and subgroup analyses. Important variables
such as detailed stroke subtype classification, baseline neurological
severity scores, hematoma volume, and information on pre-hospital
management were not available or not systematically recorded in the
databases used, and as with all database studies, misclassification of
diagnoses and comorbidities based on coding or documentation
errors may have occurred. Second, LGI was evaluated only at admis-
sion, without examining dynamic changes or their prognostic signifi-
cance. Future studies should explore alternative summaries (e.g., peak
or mean values) to further assess robustness. Third, given the limited
number of death events in the institutional cohort, we intentionally
applied a parsimonious multivariable model; nevertheless, reduced
statistical power and potential overfitting cannot be completely
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excluded. Fourth, both cohorts were derived from tertiary care cen-
ters, and our findings may not be fully generalizable to less severely ill
stroke populations or other healthcare systems. Fifth, the subgroup
analyses assumed a linear relationship between LGI and mortality
within strata, whereas the overall relationship was nonlinear, which
may affect the interpretation of interaction terms.

5 Conclusion

LGI was significantly associated with mortality in critically ill
stroke patients across two independent cohorts. As a simple and read-
ily available biomarker, LGI may aid early risk stratification and iden-
tify patients at higher risk who warrant closer clinical attention.
Prospective multicenter studies should validate its clinical utility.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Medical Ethics
Committee of the First Affiliated Hospital of Chongqing Medical
University. The studies were conducted in accordance with the local
legislation and institutional requirements. The ethics committee/insti-
tutional review board waived the requirement of written informed
consent for participation from the participants or the participants’
legal guardians/next of kin because written informed consent was
waived because this was a retrospective study using de-identified/ano-
nymized data collected from existing electronic medical records,
posing minimal risk to participants.

Author contributions

YW: Conceptualization, Data curation, Formal analysis,
Methodology, Writing — original draft. WW: Conceptualization, Data
curation, Formal analysis, Methodology, Writing - original draft. XS:
Writing - review & editing, Data curation, Investigation. XY:
Visualization, Writing - review & editing, Formal analysis. JC:
Writing — review & editing, Visualization. DX: Conceptualization,
Project administration, Supervision, Writing — review & editing.

References

1. Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG. Global, regional,
and national burden of stroke and its risk factors, 1990-2019: a systematic analysis for the
global burden of disease study 2019. Lancet Neurol. (2021) 20:795-820. doi: 10.1016/
$1474-4422(21)00252-0

2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al.
Global burden of cardiovascular diseases and risk factors, 1990-2019. ] Am Coll Cardiol.
(2020) 76:2982-3021. doi: 10.1016/j.jacc.2020.11.010

Frontiers in Medicine

14

10.3389/fmed.2026.1755389

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Acknowledgments

The authors would like to thank all the healthcare professionals
and staff at the First Affiliated Hospital of Chongqing Medical
University for their valuable assistance.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2026.1755389/
full#supplementary-material

3. Zhao D, Liu J, Wang M, Zhang X, Zhou M. Epidemiology of cardiovascular disease in
China: current features and implications. Nat Rev Cardiol. (2018) 16:203-12. doi: 10.1038/
$41569-018-0119-4

4.Zhang Y, Wu E Sun ], Xu C, Yang Q Wang G. Serum albumin cor-
rected anion gap levels are associated with poor prognosis in patients
with acute ischemic stroke. Sci Rep. (2025) 15:15. doi: 10.1038/s41598-025-
00380-0

frontiersin.org


https://doi.org/10.3389/fmed.2026.1755389
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2026.1755389/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2026.1755389/full#supplementary-material
https://doi.org/10.1016/s1474-4422(21)00252-0
https://doi.org/10.1016/s1474-4422(21)00252-0
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1038/s41569-018-0119-4
https://doi.org/10.1038/s41569-018-0119-4
https://doi.org/10.1038/s41598-025-00380-0
https://doi.org/10.1038/s41598-025-00380-0

Wang et al.

5. Endres M, Moro MA, Nolte CH, Dames C, Buckwalter MS, Meisel A. Immune path-
ways in etiology, acute phase, and chronic sequelae of ischemic stroke. Circ Res. (2022)
130:1167-86. doi: 10.1161/circresaha.121.319994

6. You S, Ou Z, Zhang W, Zheng D, Zhong C, Dong X, et al. Combined utility of white
blood cell count and blood glucose for predicting in-hospital outcomes in acute ischemic
stroke. ] Neuroinflammation. (2019) 16:16. doi: 10.1186/s12974-019-1422-7

7. Muscari A, Falcone R, Recinella G, Faccioli L, Forti P, Pastore Trossello M, et al.
Prognostic significance of diabetes and stress hyperglycemia in acute stroke patients.
Diabetol Metab Syndr. (2022) 14:126. doi: 10.1186/s13098-022-00896-9

8. Seoane LA, Burgos L, Espinoza JC, Furmento JE Benzadén MN, Vrancic JM, et al.
Prognostic value of the Leuko-Glycaemic index in the postoperative period of coronary
artery bypass grafting. Braz ] Cardiovasc Surg. (2021) 36:484-91. doi:
10.21470/1678-9741-2020-0349

9. Ramos-Hernandez WM, Soto LF, Del Rosario-Trinidad M, Farfan-Morales CN, De
Jestis-Gonzilez LA, Martinez-Mier G, et al. Leukocyte glucose index as a novel biomarker
for COVID-19 severity. Sci Rep. (2022) 12:14956. doi: 10.1038/s41598-022-18786-5

10. Sadeghi R, Dizaji SR, Vazirizadeh-Mahabadi M, Sarveazad A, Forouzannia SA.
Prognostic value of the Leuko-glycemic index in acute myocardial infarction; a systematic
review and meta-analysis. Arch Acad Emerg Med. (2023) 11:16. doi: 10.22037/aaem.
v11il.1915

11. Chen X, Xie N, Feng L, Huang Y, Wu Y, Zhu H, et al. Oxidative stress in diabetes
mellitus and its complications: from pathophysiology to therapeutic strategies. Chin Med
J. (2024) 138:15-27. doi: 10.1097/cm9.0000000000003230

12. ChengS$, Li Y, Sun X, Liu Z, Guo L, Wu J, et al. The impact of glucose metabolism on
inflammatory processes in sepsis-induced acute lung injury. Front Immunol. (2024) 15:15.
doi: 10.3389/fimmu.2024.1508985

13. Won SJ, Zhang Y, Butler NJ, Kim K, Mocanu E, Nzoutchoum OT, et al. Stress hyper-
glycemia exacerbates inflammatory brain injury after stroke. bioRxiv. (2024). doi:
10.1101/2024.05.14.594195

14. Villa R, Ferrari F, Moretti A. Hyperglycemia in acute ischemic stroke: physiopatho-
logical and therapeutic complexity. Neural Regen Res. (2022) 17:292-9. doi:
10.4103/1673-5374.317959

15. Yue Y, Li P, Sun Z, Wang X, Li Z, Zhang Y. Unveiling the role of stress hyperglycemia
in predicting mortality for critically ill hemorrhagic stroke patients: insights from
MIMIC-1V. Front Endocrinol. (2025) 16:16. doi: 10.3389/fend0.2025.1558352

16. Li S, Wang W, Qian Q, Guo Z, Lin E, Lin W, et al. Metabolic and immune heterogene-
ity in stroke: insights into subtype identification and biomarker discovery. PLoS One.
(2025) 20:0323172. doi: 10.1371/journal.pone.0323172

17. Gerdanovics A, Stanescu IC, Mirza CM, Dogaru GB, Nicula CA, Boarescu P-M, et al.
Proinflammatory risk factors in patients with ischemic stroke: a systematic review and
meta-analysis. Antioxidants. (2025) 14:1229. doi: 10.3390/antiox14101229

18. Zhang Y, Yin X, Liu T, Ji W, Wang G. Association between the stress hyperglycemia
ratio and mortality in patients with acute ischemic stroke. Sci Rep. (2024) 14:14. doi:
10.1038/541598-024-71778-5

19. Johnson AEW, Bulgarelli L, Shen L, Gayles A, Shammout A, Horng S, et al.
MIMIC-1V, a freely accessible electronic health record dataset. Scientific Data. (2023)
10:10. doi: 10.1038/s41597-022-01899-x

20. Weir CJ. The prognostic value of the components of the Glasgow coma scale following
acute stroke. Q/M. (2003) 96:67-74. doi: 10.1093/qjmed/hcg008

21. Austin PC, White IR, Lee DS, van Buuren S. Missing data in clinical research: a tutorial
on multiple imputation. Can J Cardiol. (2021) 37:1322-31. doi: 10.1016/j.cjca.2020.11.010

22. Shen H, Guo W, Zhang J, Mei Q, Liu A, Liu J. Association between leuko-glycemic
index and mortality in critically ill patients with non-traumatic subarachnoid hemor-
rhage: analysis of the MIMIC-IV database. Front Neurol. (2025) 16:16. doi: 10.3389/
fneur.2025.1537585

23. Lau LH, Lew J, Borschmann K, Thijs V, Ekinci EI Prevalence of diabetes and its
effects on stroke outcomes: a meta-analysis and literature review. J Diabetes Invest. (2018)
10:780-92. doi: 10.1111/jdi.12932

24. Lee S-J, Hwang Y-H, Hong JM, Choi JW, Yoon BS, Kang D-H, et al. Impact of varying

levels of hyperglycemia on clinicoradiographic outcomes after endovascular reperfusion
treatment. Sci Rep. (2018) 8:8. doi: 10.1038/s41598-018-28175-6

25. Alabdali MM, Alrasheed AS, Alghirash FA, Almagboul TM, Alhashim A, Aljaafari
DT, et al. Stress hyperglycemia as a prognostic Indicator of the clinical outcomes in
patients with stroke: a comprehensive literature review. Biomedicine. (2025) 13:13. doi:
10.3390/biomedicines13081834

Frontiers in Medicine

15

10.3389/fmed.2026.1755389

26. Broccolini A, Feng J, He C, San H, Zhan M, Zhang H, et al. The influence of stress
hyperglycemia on consciousness disturbance and short- and long-term outcomes in
stroke patients without documented diabetes: differences between ischemic and hemor-
rhagic stroke. PLoS One. (2025) 20:€0331077. doi: 10.1371/journal.pone.0331077

27. Alsbrook DL, Di Napoli M, Bhatia K, Biller J, Andalib S, Hinduja A, et al.
Neuroinflammation in acute ischemic and hemorrhagic stroke. Curr Neurol Neurosci Rep.
(2023) 23:407-31. doi: 10.1007/s11910-023-01282-2

28. LiY, Liu Y, Liu S, Gao M, Wang W, Chen K, et al. Diabetic vascular diseases: molecu-
lar mechanisms and therapeutic strategies. Signal Transduct Target Ther. (2023) 8:152.
doi: 10.1038/541392-023-01400-z

29. Yang D-R, Wang M-Y, Zhang C-L, Wang Y. Endothelial dysfunction in vascular com-
plications of diabetes: a comprehensive review of mechanisms and implications. Front
Endocrinol. (2024) 15:15. doi: 10.3389/fendo.2024.1359255

30. Venkat P, Chopp M, Chen J. Blood-brain barrier disruption, vascular impairment,
and ischemia/reperfusion damage in diabetic stroke. ] Am Heart Assoc. (2017) 6:e005819.
doi: 10.1161/jaha.117.005819

31. Shukla V, Shakya AK, Perez-Pinzon MA, Dave KR. Cerebral ischemic damage in
diabetes: an inflammatory perspective. ] Neuroinflammation. (2017) 14:14. doi: 10.1186/
§12974-016-0774-5

32. Li WA, Moore-Langston S, Chakraborty T, Rafols JA, Conti AC, Ding Y.
Hyperglycemia in stroke and possible treatments. Neurol Res. (2013) 35:479-91. doi:
10.1179/1743132813y.0000000209

33. Al-Hassani I, Khan NA, Elmenyar E, Al-Hassani A, Rizoli S, Al-Thani H, et al. The
interaction and implication of stress-induced hyperglycemia and cytokine release follow-
ing traumatic injury: a structured scoping review. Diagnostics. (2024) 14:2649. doi:
10.3390/diagnostics14232649

34. Kim S, Park ES, Chen PR, Kim E. Dysregulated hypothalamic-pituitary-adrenal Axis
is associated with increased inflammation and worse outcomes after ischemic stroke in
diabetic mice. Front Immunol. (2022) 13:13. doi: 10.3389/fimmu.2022.864858

35. Singer M, De Santis V, Vitale D, Jeffcoate W. Multiorgan failure is an adaptive, endo-
crine-mediated, metabolic response to overwhelming systemic inflammation. Lancet.
(2004) 364:545-8. doi: 10.1016/s0140-6736(04)16815-3

36. Alam A, Hana Z, Jin Z, Suen KC, Ma D. Surgery, neuroinflammation and cognitive
impairment.  EBioMedicine.  (2018)  37:547-56. doi:  10.1016/j.ebiom.2018.
10.021

37. Badillo-Garcia LE, Liu Q, Ziebner K, Balduff M, Sevastyanova T, Schmuttermaier C,
et al. Hyperglycemia amplifies TLR-mediated inflammatory response of M(IL4) macro-
phages to dyslipidemic ligands. J Leukoc Biol. (2024) 116:197-204. doi: 10.1093/
jleuko/qiae050

38. Arcambal A, Tailé ], Rondeau P, Viranaicken W, Meilhac O, Gonthier M-P.
Hyperglycemia modulates redox, inflammatory and vasoactive markers through specific
signaling pathways in cerebral endothelial cells: insights on insulin protective action. Free
Radic Biol Med. (2019) 130:59-70. doi: 10.1016/j.freeradbiomed.2018.10.430

39. Li X, Weber NC, Cohn DM, Hollmann MW, DeVries JH, Hermanides J, et al. Effects
of hyperglycemia and diabetes mellitus on coagulation and hemostasis. J Clin Med. (2021)
10:2419. doi: 10.3390/jcm10112419

40. Joya A, Plaza-Garcia S, Padro D, Aguado L, Iglesias L, Garbizu M, et al. Multimodal
imaging of the role of hyperglycemia following experimental subarachnoid hemorrhage.
] Cereb Blood Flow Metab. (2023) 44:726-41. doi: 10.1177/0271678x231197946

41. Sonneville R, Vanhorebeek I, den Hertog HM, Chrétien F, Annane D, Sharshar T,
et al. Critical illness-induced dysglycemia and the brain. Intensive Care Med. (2014)
41:192-202. doi: 10.1007/s00134-014-3577-0

42. Raza A, Saleem S, Imran S, Rahman S, Haroon M, Razzaq A, et al. From metabolic
dysregulation to neurodegenerative pathology: the role of hyperglycemia, oxidative stress,
and blood-brain barrier breakdown in T2D-driven Alzheimer’s disease. Metab Brain Dis.
(2025) 40:276. doi: 10.1007/s11011-025-01700-z

43. Mizuma A, You JS, Yenari MA. Targeting reperfusion injury in the age of
mechanical thrombectomy. Stroke. (2018) 49:1796-802. doi: 10.1161/
strokeaha.117.017286

44. Marcell Laszl6 J, Hortobagyi T. Hemorrhagic transformation of ischemic stroke. Vasc
Dis Therap. (2017) 2:1-25. doi: 10.15761/vdt.1000130

45. Sun J, Chen J, Shen Y, Yao X, Sun H, Chen B, et al. Diabetes mellitus-driven pulmo-
nary injury: multidimensional mechanisms linking metabolic dysregulation to gut-lung
axis and promising therapies. Front Pharmacol. (2025) 16:16. doi: 10.3389/
fphar.2025.1689522

frontiersin.org


https://doi.org/10.3389/fmed.2026.1755389
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1161/circresaha.121.319994
https://doi.org/10.1186/s12974-019-1422-7
https://doi.org/10.1186/s13098-022-00896-9
https://doi.org/10.21470/1678-9741-2020-0349
https://doi.org/10.1038/s41598-022-18786-5
https://doi.org/10.22037/aaem.v11i1.1915
https://doi.org/10.22037/aaem.v11i1.1915
https://doi.org/10.1097/cm9.0000000000003230
https://doi.org/10.3389/fimmu.2024.1508985
https://doi.org/10.1101/2024.05.14.594195
https://doi.org/10.4103/1673-5374.317959
https://doi.org/10.3389/fendo.2025.1558352
https://doi.org/10.1371/journal.pone.0323172
https://doi.org/10.3390/antiox14101229
https://doi.org/10.1038/s41598-024-71778-5
https://doi.org/10.1038/s41597-022-01899-x
https://doi.org/10.1093/qjmed/hcg008
https://doi.org/10.1016/j.cjca.2020.11.010
https://doi.org/10.3389/fneur.2025.1537585
https://doi.org/10.3389/fneur.2025.1537585
https://doi.org/10.1111/jdi.12932
https://doi.org/10.1038/s41598-018-28175-6
https://doi.org/10.3390/biomedicines13081834
https://doi.org/10.1371/journal.pone.0331077
https://doi.org/10.1007/s11910-023-01282-2
https://doi.org/10.1038/s41392-023-01400-z
https://doi.org/10.3389/fendo.2024.1359255
https://doi.org/10.1161/jaha.117.005819
https://doi.org/10.1186/s12974-016-0774-5
https://doi.org/10.1186/s12974-016-0774-5
https://doi.org/10.1179/1743132813y.0000000209
https://doi.org/10.3390/diagnostics14232649
https://doi.org/10.3389/fimmu.2022.864858
https://doi.org/10.1016/s0140-6736(04)16815-3
https://doi.org/10.1016/j.ebiom.2018.10.021
https://doi.org/10.1016/j.ebiom.2018.10.021
https://doi.org/10.1093/jleuko/qiae050
https://doi.org/10.1093/jleuko/qiae050
https://doi.org/10.1016/j.freeradbiomed.2018.10.430
https://doi.org/10.3390/jcm10112419
https://doi.org/10.1177/0271678x231197946
https://doi.org/10.1007/s00134-014-3577-0
https://doi.org/10.1007/s11011-025-01700-z
https://doi.org/10.1161/strokeaha.117.017286
https://doi.org/10.1161/strokeaha.117.017286
https://doi.org/10.15761/vdt.1000130
https://doi.org/10.3389/fphar.2025.1689522
https://doi.org/10.3389/fphar.2025.1689522

	Association of leuko-glycemic index with mortality in critically ill stroke patients: analysis from the MIMIC-IV database and an institutional cohort
	1 Introduction
	2 Methods and materials
	2.1 Study population
	2.2 Data extraction
	2.3 Clinical outcomes
	2.4 Statistical analysis

	3 Results
	3.1 Comparison of patients’ baseline information
	3.2 Survival analysis
	3.3 Association between LGI and outcome events
	3.4 Subgroup analysis

	4 Discussion
	5 Conclusion

	Acknowledgments
	References

