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Background: This study aimed to develop and validate a risk prediction model for stroke within 90 days in patients with septic shock 
and to identify independent risk factors.
Methods: A retrospective, single-center study was performed, including 2127 septic shock patients admitted to Dongyang City 
People’s Hospital from June 2016 to December 2024. Clinical variables were selected using LASSO regression, and the prediction 
model was established by multivariate logistic regression. Internal validation was conducted using nomogram, calibration curves, ROC 
curves, and decision curve analysis (DCA).
Results: Seven variables (age, hypertension, ALB, TC, Cr, TBIL, and WBC) were screened by LASSO regression. Multivariate 
analysis confirmed that age, hypertension, ALB, TC, and TBIL were independent risk factors. These factors may reflect age-related 
vascular vulnerability, chronic hypertension-related cerebrovascular damage, and metabolic or hepatic dysfunction associated with 
stroke risk in septic shock. The model showed good predictive performance, with AUCs of 0.754 and 0.76 in the modeling and testing 
cohorts, respectively. Calibration and DCA curves confirmed satisfactory discrimination, calibration, and clinical utility.
Conclusion: This prediction model demonstrates favorable performance for stroke risk stratification in septic shock patients. It may 
allow early identification of high-risk individuals, enabling timely intervention to reduce stroke-related mortality and disability.
Keywords: stroke, LASSO, sepsis

Introduction
Sepsis, defined as life-threatening organ dysfunction triggered by infection, remains a critical challenge in critical care 
medicine, affecting millions of patients globally each year. With a mortality rate of 25%-30% and long-term cognitive 
impairment common among survivors, sepsis imposes immense clinical and societal burdens.1,2 Global estimates indicate 
that, in 2017 alone, there were 48.9 million sepsis cases, resulting in 11 million deaths—accounting for nearly one-fifth 
of all global deaths that year.3 In China, sepsis contributes to approximately 1 million deaths annually, with 
a standardized mortality rate of 66.7 per 100,000 people.4 A multicenter study across 44 Chinese ICUs further 
highlighted the severity of the issue, reporting that sepsis affects one-fifth of ICU admissions, with a 90-day mortality 
rate of 35.5%.5 These figures underscore sepsis as not only a medical priority but also a pressing public health concern.

Stroke, characterized by acute neurological dysfunction due to cerebrovascular damage, shares similar daunting 
epidemiological profiles. As the second leading cause of death worldwide,6 it is the primary cause of adult mortality and 
disability in China. However, barriers to timely care persist, making risk stratification and targeted intervention crucial 
for reducing stroke-related morbidity, mortality, and socioeconomic costs.7
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Emerging evidence has revealed a strong bidirectional link between sepsis and stroke. Notably, this study focuses 
specifically on post-discharge stroke, which differs from in-hospital stroke in terms of pathophysiological mechanisms and 
clinical management priorities. Stroke incidence tends to decrease with age, and traditional cardiovascular risk factors fail to 
fully explain this shift.8 Mechanistically, both inflammatory and metabolic pathways bridge these conditions: inflammatory 
markers such as interleukin-6 (IL-6) and troponin T (TNT) are key mediators. IL-6 is an independent predictor of stroke 
recurrence and poor outcomes,9 whereas elevated TNT levels in sepsis patients correlate with disease severity and adverse 
stroke prognosis.10,11 Beyond inflammation, metabolic dysregulation plays a pivotal role in vascular injury and subsequent 
stroke risk. Sepsis induced systemic metabolic reprogramming includes dysregulated lipid metabolism, altered amino acid 
pathways, and accumulation of oxidative stress-related metabolites.12,13 These metabolic alterations impair vascular endothe
lial function, promote oxidative stress and thrombosis, and exacerbate neurovascular damage, collectively increasing stroke 
vulnerability. Clinically, sepsis increases the risk of ischemic stroke by 3-fold and hemorrhagic stroke by 7-fold,14 and septic 
shock survivors face a 1.64-fold greater risk of stroke within 5 years post-discharge than does the general population.15

To date, existing research on sepsis-related complications has focused primarily on generalized analyses of post-infection 
outcomes,16,17 with limited attention to stroke as a specific endpoint. Few studies have constructed targeted risk prediction 
models for post-discharge stroke in septic shock patients, and those available lack comprehensive integration of clinical 
variables and metabolic correlates. Additionally, prior models often fail to distinguish post-discharge stroke from in-hospital 
events, limiting their clinical utility for long-term follow-up and intervention. Therefore, this study intends to incorporate more 
comprehensive clinical variables based on the hospital data platform and adopt LASSO regression (suitable for high- 
dimensional data screening and dimensionality reduction) to develop a risk prediction model for stroke within 90 days after 
septic shock. By identifying independent risk factors, this study aimed to provide a practical risk assessment tool for clinical 
practice, facilitate early intervention in high-risk patients reduce stroke-related mortality and disability, and alleviate the 
economic burden on families and society and thus holding significant clinical and public health significance.

Materials and Methods
Study Population and Data Collection
A retrospective, single-center study was conducted. Clinical data were collected from patients with septic shock admitted 
to Dongyang City Peaple’s Hospital from June 2016 to December 2024 using the hospital’s data platform. All 
information was verified, corrected, and supplemented via electronic medical records. The diagnosis of septic shock 
was based on the 2016 Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) issued by the 
Society of Critical Care Medicine (SCCM) and the European Society of Intensive Care Medicine (ESICM). Inclusion 
criteria: (a) suspected or confirmed infection with a Sequential Organ Failure Assessment (SOFA) score ≥ 2; (b) 
circulatory failure with blood lactic acid (lac) level > 2 mmol/L; (c) requirement for vasoactive agents to maintain 
a mean arterial pressure (MAP) ≥ 65 mmHg. Exclusion criteria: (a) age < 18; (b) in-hospital death; (c) a history of stroke 
or cerebral infarction; (d) long-term chronic inflammatory diseases. This study was approved by the Institutional Ethics 
Committee of Dongyang City Peaple’s Hospital. The study was conducted in accordance with the principles of the 
Declaration of Helsinki and its subsequent amendments. All patients were followed up by reviewing hospitalization 
records and telephone interviews to determine whether stroke occurred within 90 days after the diagnosis of septic shock.

Ascertainment of Stroke
Stroke was defined as acute neurological dysfunction consistent with either ischemic or hemorrhagic stroke, and all 
events were confirmed by computed tomography (CT) or magnetic resonance imaging (MRI) of the brain. The endpoint 
was stroke occurrence within 90 days after discharge.

Observation Indicators
Upon hospitalization, patient demographic data, including sex, age, smoking history, and hypertension history, were 
collected. The following laboratory test indicators were recorded at admission: cholinesterase (CHE), albumin (ALB), 
pro-brain natriuretic peptide (pro-BNP), total cholesterol (TC), triglyceride (TG), high-sensitivity C-reactive protein (hs- 
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CRP), creatinine (Cr), D-dimer (DD), total bilirubin (TBIL), and white blood cell (WBC) count. Patients were divided 
into a stroke group and a control group according to whether stroke occurred within 90 days after discharge.

Handling of Missing Data
Variables or cases with >20% missing values were excluded. For remaining missing values, random forest imputation 
(missForest package) was used to minimize bias and retain sample size.

Statistical Methods
All the statistical analyses were performed via R software. Continuous variables with a normal distribution are expressed 
as the means ± standard deviations, and intergroup differences were analyzed via t tests. Continuous variables that did not 
follow a normal distribution are presented as medians (minimum - maximum), and intergroup differences were assessed 
via the Wilcoxon rank-sum test. Categorical variables are described as percentages, and intergroup comparisons were 
conducted via the chi-square test.

The dataset were randomly split into a modeling group and a testing group at a 7:3 ratio. Given that the study focused on 
binary stroke occurrence within a fixed 90-day period rather than time-to-event analysis, logistic regression was appropriate 
for the study design and objective. LASSO regression (glmnet package) was used for variable selection, with continuous 
variables standardized. Variables were selected using the minimum λ value. Selected variables were entered into multivariate 
logistic regression to construct the prediction model. A nomogram was established using the rms package. Model performance 
was evaluated using receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA).

Results
Patient Characteristics
A total of 2127 patients with septic shock were enrolled in this study, including 608 patients in the stroke group (28.6%) and 1519 
patients in the control group (71.4%). In the stroke group, there were 358 male patients, accounting for 58.88%, with a mean age 
of 76.89 ± 10.79 years. In the control group, 890 patients were male (58.59%), and the average age was 64.00 ± 20.35 years.

Statistically significant differences were observed between the two groups in terms of age, hypertension status, 
cholinesterase level, ALB level, pro-BNP level, TC level, TG level, hs-CRP level, and Cr level (all P < 0.05, 95% CIs are 
provided in Table 1). However, no significant differences were found in smoking status, DD level, TBIL level, or WBC 
count between the two groups (all P > 0.05) (see Table 1).

Table 1 Clinical Baseline Characteristics of Patients with Septic Shock

Stroke (n=608) Control (n=1519) (χz/Z) P value

Male (%) 358 (58.88%) 890 (58.59%) χ2=0.02 0.90

Age 

(Mean ± SD)

76.89 ± 10.79 64.00 ± 20.35 t=−18.92 <0.01

Hypertension (%) 432 (71.05%) 564 (37.13) χ2=200.68 <0.01
Smoke (%) 178 (29.28) 442 (29.10) χ2=0.01 0.93

Cholinesterase (U/L) 3324.00 (1647.50, 4490.25) 3710.00 (1713.50, 5014.50) Z=−3.75 <0.01
ALB (g/L) 16.10 (14.10, 18.50) 17.10 (14.30, 19.60) Z=−4.81 <0.01
Pro-BNP (pmol/L) 3983.50 (1117.00, 11,144.75) 3117.44 (1102.80, 8238.50) Z=−3.24 <0.01
TC (mmol/L) 4.89 (4.11, 5.69) 4.54 (3.61, 5.41) Z=−6.35 <0.01
TG (mmol/L) 1.59 (1.19, 1.91) 1.50 (1.13, 1.91) Z=−3.62 <0.01

HSCRP (mg/dL) 146.13 (111.40, 174.67) 139.50 (106.24, 171.67) Z=−2.57 <0.01

Cr (μmol/L) 115.00 (91.00, 167.25) 106.00 (75.00, 154.00) Z=−5.99 <0.01
D-Dimer (mg/dL) 5.88 (1.77, 10.00) 5.37 (1.75, 10.00) Z=−1.76 0.08

TBIL (μmol/L) 16.75 (13.10, 35.50) 16.60 (11.85, 41.05) Z=−0.26 0.79

WBC (×109/L) 13.88 (10.62, 17.34) 13.56 (10.54, 17.14) Z=−1.18 0.24

Note: P values less than 0.05 are indicated in bold.
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Variable Selection via LASSO Regression
In this study, LASSO regression was employed for variable selection to eliminate multicollinearity among variables, 
which in turn helps improve the predictive accuracy of the model. With the minimum lambda value set as the screening 
criterion, the cross-validation results indicated that when λ was 0.0080, there were 7 variables with nonzero coefficients, 
including age, hypertension, ALB, TC, Cr, TBIL and WBC, and these variables were selected as key variables that 
contributed significantly to the model (Figure 1A and B).

Multivariate Logistic Regression Analysis of Stroke in Patients with Septic Shock
With the occurrence of stroke in patients with septic shock as the dependent variable and age, hypertension, ALB, TC, 
Cr, TBIL and WBC count as independent variables, multivariate logistic regression analysis was performed. The results 
(Table 2) revealed that among the 7 independent variables screened by LASSO regression, Cr and WBC were not 
associated with the occurrence of stroke (P>0.05), whereas the other five factors were associated with an increased risk of 
stroke (all P < 0.05, 95% CIs are provided in Table 2).

Visualization and Efficacy Validation of the Risk Prediction Model for Stroke in Patients 
with Septic Shock
The nomogram was plotted via the “rms” package with the five independent variables that showed statistical significance 
in the multivariate logistic regression analysis. The weights of each independent variable were visualized to achieve 
a quantitative assessment of the individual risk of death (Figure 2A). In addition, all septic patients in this study were 

Figure 1 Distribution plot of LASSO regression coefficients and cross-validation curve plot. (A) Distribution plot of regression coefficients; (B) Cross-validation curve plot.

Table 2 Multivariate Logistic Regression Analysis of Stroke in Patients with 
Septic Shock

β SE P OR 95% CI

Age 0.0454 0.0054 0 1.0464 0.0029–0.0376

Hypertension 1.0357 0.134 0 2.8171 1.0356–1.0578
ALB −0.0384 0.0153 0.0122 0.9624 2.1701–3.6705

TC 0.1488 0.0427 0.0005 1.1604 0.9338–0.9916

Cr 0.0005 0.0003 0.1201 1.0005 1.0679–1.2628
TBIL −0.0025 0.0011 0.0284 0.9975 0.9999–1.0011

WBC 0.0049 0.0057 0.3938 1.0049 0.9952–0.9996

Note: P values less than 0.05 are indicated in bold.
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randomly divided into a modeling group and a testing group, and calibration curves, ROC curves, and DCA curves were 
used to comprehensively evaluate the predictive performance of the model. The results (Figure 2B) revealed that both the 
internal validation curves (Apparent) and bias-corrected curves of the calibration curves in the modeling group and the 
testing group were close to the ideal reference line (Ideal), suggesting that the predicted probabilities of the model were 
highly consistent with the actual event rates. ROC curve analysis (Figure 2C) revealed that the areas under the curve 
(AUCs) of the model for predicting the risk of stroke in the modeling group and the testing group were 0.754 and 0.76, 
respectively, which indicated that the model had high discriminative ability. The DCA decision curve (Figure 2D) further 
verified its clinical utility, and the application of this model significantly improved the clinical net benefit rate (net 
benefit) in both groups. The above multidimensional validation results indicated that the model had good calibration, 
discrimination, and clinical transformation values.

Discussion
Septic shock, a severe condition characterized by widespread organ dysfunction, is associated with persistently high 
mortality rates. Notably, survivors of septic shock who are discharged from the hospital face a significantly elevated risk 
of subsequent cardiovascular and cerebrovascular diseases. In the present study, among 2127 patients with septic shock, 
608 (28.6%) developed stroke during follow-up. These findings underscore the critical need to identify factors associated 
with stroke in this patient population, as such insights would facilitate rapid and accurate risk stratification during clinical 
management, ultimately playing a pivotal role in preventing stroke and improving patient outcomes.

LASSO regression enables efficient variable selection through L1 regularization, demonstrating significant advan
tages in multivariate logistic regression analysis. It can not only shrink the coefficients of redundant variables to 
effectively address multicollinearity but also reduce the subjective bias of traditional stepwise regression by selecting 
the optimal penalty parameter via cross-validation. This approach enhances the generalization ability of the model and 
maintains predictive performance while reducing the dimensionality of variables.18,19 In this study, LASSO regression 
was used to analyze the factors associated with stroke in patients with septic shock. The results revealed that age, 
hypertension, ALB, TC, Cr, TBIL and WBC count were associated with the occurrence of stroke. Further multivariate 

Figure 2 Visualization and efficacy validation of the risk prediction model for stroke in patients with septic shock. (A) Nomogram model; (B) Calibration curve; (C) ROC 
curve; (D) DCA curve.
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logistic regression analysis of the above factors revealed that age, hypertension, ALB, TC and TBIL were independently 
associated with stroke risk. The lack of significance of Cr and WBC in multivariate analysis may be attributed to their 
potential collinearity with other variables.

Age is an important risk factor for stroke in patients with septic shock. Studies have shown that vascular aging can 
exacerbate postseptic endothelial dysfunction and arterial stiffness.20 Elderly individuals exhibit increased oxidative 
stress and impaired autophagy, increasing the susceptibility of cerebrovascular vessels to sepsis-induced microvascular 
thrombosis.21 Furthermore, immunosenescence during the aging process may prolong the systemic inflammatory state, as 
evidenced by the persistently elevated levels of IL-6 and TNF-α even one year after the onset of sepsis, which are 
associated with increased carotid intima–media thickness.22 Notably, aging-related metabolic decline may synergize with 
sepsis-induced metabolic stress, further amplifying the risk of cerebrovascular injury. For instance, elderly patients have 
lower baseline albumin synthesis and reduced ability to compensate for sepsis-induced protein catabolism, exacerbating 
hypoalbuminemia-related vascular dysfunction.13

The results of this study revealed that hypertension significantly increased the risk of stroke after septic shock. 
Hypertension is prevalent in the stroke-prone population. It not only increases the risk of stroke but also deteriorates the 
outcome of stroke.23 In patients with septic shock, hypertension can activate the renin–angiotensin–aldosterone system, 
thereby disrupting the autoregulatory function of the brain and leading to the occurrence of stroke. Taking active blood 
pressure control measures during sepsis and long-term antihypertensive treatment can reduce the risk of stroke. 
Metabolically, hypertension exacerbates sepsis-induced lipid metabolism disorders and impairs endothelial nitric oxide 
metabolism, promoting vascular inflammation and thrombosis. This synergistic effect of hypertension and metabolic 
dysfunction may explain its strong association with post-sepsis stroke.

Mounting evidence from metabolomic studies has highlighted that systemic metabolic dysregulation is a critical 
mechanistic link between septic shock and subsequent stroke.24,25 Sepsis triggers profound metabolic reprogramming 
characterized by disrupted lipid metabolism, imbalanced amino acid pathways, impaired protein synthesis, and dimin
ished antioxidant metabolite production, all of which compromise vascular endothelial integrity, enhance oxidative stress, 
and promote a prothrombotic state. Disturbances in lipid and amino acid metabolism have been consistently associated 
with vascular dysfunction and poor outcomes in patients with sepsis. Moreover, metabolic failure in sepsis impairs 
cerebrovascular homeostasis and increases vulnerability to ischemic or hemorrhagic injury long after discharge.

ALB is a protein with anti-inflammatory, nutritional, and hemorheological properties that can inhibit platelet 
activation and aggregation. Recent studies have shown that hypoalbuminemia is associated with poor prognosis in septic 
patients.26 This study also revealed that low ALB levels are an independent risk factor for stroke, which is consistent 
with previous research results. Mechanistically, ALB maintains endothelial integrity by stabilizing the glycocalyx and 
inhibiting platelet aggregation.27 In sepsis, the level of albumin decreases due to increased capillary leakage and inhibited 
hepatic synthesis, leading to reduced nitric oxide bioavailability and increased procoagulant activity.28,29 Therefore, 
albumin supplementation during sepsis may provide long-term cerebrovascular benefits.

Both TBIL and WBC count have emerged as factors associated with stroke in septic shock patients. Previous research 
has revealed the antioxidative and anti-inflammatory properties of TBIL. A study revealed that low TBIL levels were 
associated with an increased risk of early neurological deterioration in acute ischemic stroke patients.28 In septic shock, 
a reduced TBIL level might reflect an impaired antioxidant defense system, potentially increasing the vulnerability of 
cerebral vessels to oxidative stress and inflammation, thus contributing to stroke development.

WBCs play a crucial role in the inflammatory response in the context of sepsis. A historical cohort study revealed that 
in septic shock patients, a rising WBC trajectory was independently associated with increased mortality.30 During sepsis, 
an elevated WBC count may indicate a robust but dysregulated immune response. Excessive leukocyte infiltration can 
lead to microvascular obstruction in the brain, the release of cytotoxic substances, and increased inflammation, all of 
which could precipitate stroke.

This study identified modifiable risk factors for postsepsis stroke, suggesting the need for comprehensive follow-up 
programs, including blood pressure management, nutritional support, lipid control, and antioxidant strategies. However, 
limitations of this study include: (1) its single-center design, which may limit the generalizability of findings to other 
populations or healthcare settings; (2) only internal validation was performed, and external validation using multicenter 
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data is lacking; (3) missing data on key confounders such as atrial fibrillation, diabetes, and medications, which may 
influence stroke risk but were not fully captured due to incomplete documentation in early electronic medical records; (4) 
the lack of long-term inflammation markers and genetic predisposition data; and (5) the focus on clinical variables 
without integration of omics data, which may limit the depth of mechanistic insights.

Conclusion
Age, hypertension, ALB, TC, and TBIL independently predictors stroke in septic shock patients, supporting the utility of 
these variables for risk stratification rather than proving causal mechanisms. These findings highlight the importance of 
integrating metabolic considerations into post-sepsis care and emphasize the need for multidisciplinary management 
focused on vascular health and metabolic homeostasis to improve long-term outcomes.

Abbreviations
IL-6, interleukin-6; TNT, troponin T; SCCM, Society of Critical Care Medicine; ESICM, European Society of Intensive 
Care Medicine; SOFA, Sequential Organ Failure Assessment; CHE, cholinesterase; ALB, albumin; pro-BNP, pro-brain 
natriuretic peptide; TC, total cholesterol; TG, triglyceride; hs-CRP, high-sensitivity C-reactive protein; Cr, D-, creatinine; 
DD, dimer; TBIL, total bilirubin; WBC, white blood cell.

Data Sharing Statement
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable 
request.

Ethics Approval and Consent to Participate
The study was conducted in accordance with the principles of the Declaration of Helsinki and its subsequent amend
ments. This research project was initially approved by the Institutional Ethics Committee of Dongyang City People’s 
Hospital (Approval No.: 2023-YX-056) prior to the commencement of the study, confirming the compliance of the 
research protocol with ethical guidelines. Given that this study is a retrospective analysis utilizing fully de-identified 
clinical data retrieved from the hospital’s information system—with all patient-specific identifiers removed to ensure 
strict protection of individual privacy—the Institutional Ethics Committee of Dongyang City People’s Hospital further 
issued a formal decision to waive the requirement for individual informed consent (Approval No.: 2025-YX-198) during 
the manuscript preparation phase.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was supported by the Science and Technology Bureau of Jinhua (2023-4-222).

Disclosure
The authors declare no competing interests in this work.

References
1. Singer M, Deutschman CS, Seymour CW, et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA. 2016;315 

(8):801–810. doi:10.1001/jama.2016.0287
2. Perner A, Cecconi M, Cronhjort M, et al. Expert statement for the management of hypovolemia in sepsis. Intensive Care Med. 2018;44(6):791–798. 

doi:10.1007/s00134-018-5177-x

International Journal of General Medicine 2026:19                                                                             https://doi.org/10.2147/IJGM.S590306                                                                                                                                                                                                                                                                                                                                                                                                       7

Lai and Zhang

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1007/s00134-018-5177-x


3. Rudd KE, Johnson SC, Agesa KM, et al. Global, regional, and national sepsis incidence and mortality, 1990-2017: analysis for the global burden of 
disease study. Lancet. 2020;395(10219):200–211. doi:10.1016/S0140-6736(19)32989-7

4. Weng L, Zeng XY, Yin P, et al. Sepsis-related mortality in China: a descriptive analysis. Intensive Care Med. 2018;44(7):1071–1080. doi:10.1007/ 
s00134-018-5203-z

5. Xie J, Wang H, Kang Y, et al. The epidemiology of sepsis in chinese icus: a national cross-sectional survey. Crit Care Med. 2020;48(3):e209–e218. 
doi:10.1097/CCM.0000000000004155

6. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart disease and stroke statistics-2022 update: a report from the american heart association. Circulation. 
2022;145(8):e153–e639. doi:10.1161/CIR.0000000000001052

7. Collaborators GBDS, Stark BA, Johnson CO. 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(10):795–820. doi:10.1016/S1474-4422(21)00252-0

8. George MG, Tong X, Bowman BA. Prevalence of cardiovascular risk factors and strokes in younger adults. JAMA Neurol. 2017;74(6):695–703. 
doi:10.1001/jamaneurol.2017.0020

9. Li J, Lin J, Pan Y, et al. Interleukin-6 and YKL-40 predicted recurrent stroke after ischemic stroke or TIA: analysis of 6 inflammation biomarkers in 
a prospective cohort study. J Neuroinflammation. 2022;19(1):131. doi:10.1186/s12974-022-02467-1

10. Vallabhajosyula S, Sakhuja A, Geske JB, et al. Role of admission troponin-t and serial troponin-t testing in predicting outcomes in severe sepsis and 
septic shock. J Am Heart Assoc. 2017;6(9). doi:10.1161/JAHA.117.005930.

11. He L, Wang J, Dong W. The clinical prognostic significance of hs-cTnT elevation in patients with acute ischemic stroke. BMC Neurol. 2018;18 
(1):118. doi:10.1186/s12883-018-1121-5

12. Sepsis PS. Management & advances in metabolomics. Nanotheranostics. 2024;8(3):270–284. doi:10.7150/ntno.94071
13. Pandey S, Adnan Siddiqui M, Azim A, Trigun SK, Sinha N. Serum metabolic profiles of septic shock patients based upon co-morbidities and other 

underlying conditions. Mol Omics. 2021;17(2):260–276. doi:10.1039/D0MO00177E
14. Shao IY, Elkind MSV, Boehme AK. Risk factors for stroke in patients with sepsis and bloodstream infections. Stroke. 2019;50(5):1046–1051. 

doi:10.1161/STROKEAHA.118.023443
15. Kosyakovsky LB, Angriman F, Katz E, et al. Association between sepsis survivorship and long-term cardiovascular outcomes in adults: 

a systematic review and meta-analysis. Intensive Care Med. 2021;47(9):931–942. doi:10.1007/s00134-021-06479-y
16. Boniello AJ, Lieber AM, Courtney PM. Are patients who undergo THA for infection at higher risk for 30-day complications? Clin Orthop Relat 

Res. 2019;477(7):1624–1631. doi:10.1097/CORR.0000000000000760
17. Chang YC, Huang KT, Chen YM, et al. Ventilator dependence risk score for the prediction of prolonged mechanical ventilation in patients who 

survive sepsis/septic shock with respiratory failure. Sci Rep. 2018;8(1):5650. doi:10.1038/s41598-018-24028-4
18. Wang Q, Qiao W, Zhang H, et al. Nomogram established on account of Lasso-Cox regression for predicting recurrence in patients with early-stage 

hepatocellular carcinoma. Front Immunol. 2022;13:1019638.
19. Dai P, Chang W, Xin Z, Cheng H, Ouyang W, Luo A. Retrospective study on the influencing factors and prediction of hospitalization expenses for 

chronic renal failure in china based on random forest and lasso regression. Front Public Health. 2021;9:678276. doi:10.3389/fpubh.2021.678276
20. Konigstein K, Buschges JC, Sarganas G, Krug S, Neuhauser H, Schmidt-Trucksass A. Exercise and carotid properties in the young-the kiggs-2 

study. Front Cardiovasc Med. 2021;8:767025. doi:10.3389/fcvm.2021.767025
21. Li XD, Li MM. A novel nomogram to predict mortality in patients with stroke: a survival analysis based on the MIMIC-III clinical database. BMC 

Med Inform Decis Mak. 2022;22(1):92. doi:10.1186/s12911-022-01836-3
22. Muller L, Di Benedetto S. Inflammaging, immunosenescence, and cardiovascular aging: insights into long COVID implications. Front Cardiovasc 

Med. 2024;11:1384996. doi:10.3389/fcvm.2024.1384996
23. Bosel J. Blood pressure control for acute severe ischemic and hemorrhagic stroke. Curr Opin Crit Care. 2017;23(2):81–86. doi:10.1097/ 

MCC.0000000000000394
24. Siddiqui MA, Pandey S, Azim A, Sinha N, Siddiqui MH. Metabolomics: an emerging potential approach to decipher critical illnesses. Biophys 

Chem. 2020;267:106462. doi:10.1016/j.bpc.2020.106462
25. Pandey S, Azim A, Sinha N. Longitudinal NMR based serum metabolomics to track the potential serum biomarkers of septic shock. 

Nanotheranostics. 2023;7(2):142–151. doi:10.7150/ntno.79394
26. Zhao L, Bao J, Shang Y, et al. The prognostic value of serum albumin levels and respiratory rate for community-acquired pneumonia: a prospective, 

multi-center study. PLoS One. 2021;16(3):e0248002. doi:10.1371/journal.pone.0248002
27. Aldecoa C, Llau JV, Nuvials X, Artigas A. Role of albumin in the preservation of endothelial glycocalyx integrity and the microcirculation: a 

review. Ann Intensive Care. 2020;10(1):85. doi:10.1186/s13613-020-00697-1
28. Sheng X, Du H, Tang Y. Decreased serum total bilirubin level predicts early neurological deterioration in patients with acute ischemic stroke. 

Neuropsychiatr Dis Treat. 2021;17:1977–1982. doi:10.2147/NDT.S315330
29. Wiedermann CJ, Zaboli A, Lucente F, et al. Temporal decline in intravascular albumin mass and its association with fluid balance and mortality in 

sepsis: a prospective observational study. J Clin Med. 2025;14(15):5255. doi:10.3390/jcm14155255
30. Rimmer E, Garland A, Kumar A, et al. White blood cell count trajectory and mortality in septic shock: a historical cohort study. Can J Anaesth. 

2022;69(10):1230–1239.

https://doi.org/10.2147/IJGM.S590306                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 8

Lai and Zhang                                                                                                                                                                       

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1007/s00134-018-5203-z
https://doi.org/10.1007/s00134-018-5203-z
https://doi.org/10.1097/CCM.0000000000004155
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1001/jamaneurol.2017.0020
https://doi.org/10.1186/s12974-022-02467-1
https://doi.org/10.1161/JAHA.117.005930
https://doi.org/10.1186/s12883-018-1121-5
https://doi.org/10.7150/ntno.94071
https://doi.org/10.1039/D0MO00177E
https://doi.org/10.1161/STROKEAHA.118.023443
https://doi.org/10.1007/s00134-021-06479-y
https://doi.org/10.1097/CORR.0000000000000760
https://doi.org/10.1038/s41598-018-24028-4
https://doi.org/10.3389/fpubh.2021.678276
https://doi.org/10.3389/fcvm.2021.767025
https://doi.org/10.1186/s12911-022-01836-3
https://doi.org/10.3389/fcvm.2024.1384996
https://doi.org/10.1097/MCC.0000000000000394
https://doi.org/10.1097/MCC.0000000000000394
https://doi.org/10.1016/j.bpc.2020.106462
https://doi.org/10.7150/ntno.79394
https://doi.org/10.1371/journal.pone.0248002
https://doi.org/10.1186/s13613-020-00697-1
https://doi.org/10.2147/NDT.S315330
https://doi.org/10.3390/jcm14155255


International Journal of General Medicine                                                                                   

Publish your work in this journal 
The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal 
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of 
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2026:19                                                                                    9

Lai and Zhang

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Population and Data Collection
	Ascertainment of Stroke
	Observation Indicators
	Handling of Missing Data
	Statistical Methods

	Results
	Patient Characteristics
	Variable Selection via LASSO Regression
	Multivariate Logistic Regression Analysis of Stroke in Patients with Septic Shock
	Visualization and Efficacy Validation of the Risk Prediction Model for Stroke in Patients with Septic Shock

	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Author Contributions
	Funding
	Disclosure

