www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN A nomogram based on the TyG

index for the prediction of lower-
limb venous thrombosis in patients
with intracerebral hemorrhage

Hanyan Zhang, Lijie Huang & Fengda Li**

Venous thrombosis is a serious complication that adversely impacts the prognosis of patients with
intracerebral hemorrhage (ICH) and even threatens their lives. Triglyceride glucose product (TyG) index
is closely related to the pathophysiological process of cerebral hemorrhage and venous thrombosis.

A total of 308 ICH patients were divided into training (n=215) and validation groups (n=93). Single
factor logistic regression analysis and multiple factor logistic regression analysis were performed.
Seven factors associated with lower extremity venous thrombosis were identified: emergency cranial
surgery, pneumonia, stroke history, age, TyG index, capryini score =10, and glomerular filtration rate.
The area under the curve was found to be 0.79 (95% Cl: 0.72-0.86) in the training group and 0.70 (95%
Cl: 0.58-0.83) in the validation group. Calibration plots demonstrated strong concordance between
predicted probabilities from our model and observed outcomes; Decision curve analysis further
confirmed that our nomogram provides substantial clinical net benefit. By integrating the TyG index
with recognized clinical risk factors for ICH patients, we have developed a predictive nomogram that
aids in early identification of individuals at high risk for lower extremity venous thrombosis as well as
supports personalized management strategies for these patients.

Keywords Intracerebral hemorrhage, Lower-limb venous thrombosis, Triglyceride-glucose product,
Prediction nomogram

Intracerebral hemorrhage (ICH) is a prevalent condition in the cerebrovascular system, closely associated with
risk factors such as hyperlipidemia, diabetes, hypertension, and smoking. The disease is characterized by its acute
onset and poor prognosis in elderly patients, leading to high morbidity and mortality rates!. Individuals suffering
from ICH face an elevated risk of venous thromboembolism (VTE) due to complications such as limb paralysis,
prolonged bed rest, vascular wall damage, and abnormal coagulation function®. The incidence of pulmonary
embolism among ICH patients is 1.1%, while the risk for deep vein thrombosis is 2.4% 3. Given the significant
risk of rebleeding in ICH patients, national guidelines for VTE prevention offer only weak recommendations
supported by low-quality evidence?. Compared with the general population, individuals with ICH not only
face a heightened risk of recurrent ICH but also have an increased likelihood of experiencing arterial ischemic
events®. Nevertheless, the advisability of employing antithrombotic agents and statins for secondary prevention
against thrombotic events in these patients remains contentious—particularly within specific subgroups such as
those with atrial fibrillation—due to concerns regarding potential recurrence of ICH®. In summary, determining
appropriate secondary prevention strategies for survivors of ICH presents a pressing clinical challenge. At
present, there are no effective clinical methods available to predict embolism due to deep vein thrombosis; thus,
it is critical to identify high-risk groups early on and implement corresponding nursing interventions.

Insulin resistance (IR) is recognized as a significant risk factor for VTE and pulmonary embolism. It has been
demonstrated that IR is closely associated with human coagulation function. Specifically, levels of coagulation
factors VII, IX, X, and XII are markedly elevated in patients with IR%’. The PREVEND cohort study has
indicated that IR can increase the risk of VTE®, Furthermore, due to the body’s insensitivity to insulin, there
is a reduction in the amount of insulin bound to its receptor in individuals with IR. This phenomenon may
lead to the upregulation of P2Y12 signaling and an increase in platelet activity, consequently enhancing platelet
adhesion, aggregation, and coagulation processes—ultimately contributing to thrombosis induction.
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IR can be assessed through various methods, but the hyperinsulinemic-euglycemic clamp test is recognized
as the gold standard for evaluating IR!°. However, as this method is invasive, complex, time-consuming,
and costly, it is impractical for routine clinical use. Simental-Mendia introduced a novel index known as the
serum triglyceride-glucose product (TyG), which serves as an indicator of IR. The TyG index is calculated by
multiplying triglyceride (TG) levels by fasting blood glucose (FBG)'!. Previous research has demonstrated that
FBG primarily reflects liver-related IR, while TG predominantly indicates adipocyte-related IR; thus, the TyG
index encompasses both aspects of IR. Furthermore, FBG and TG are widely used clinical markers and are
straightforward to measure!'>!3. Recent studies have also indicated that the TyG index may function as a risk
biomarker for identifying ST-elevation myocardial infarction patients who are at high risk of adverse outcomes
following percutaneous coronary intervention. This could facilitate personalized management strategies for ST-
elevation myocardial infarction patients and potentially reduce major adverse cardiac events'!. The increase of
TyG index can lead to the decrease of nitric oxide (NO) synthesis in endothelial cells, and promote vascular
inflammation and oxidative stress'. These will increase the permeability of the blood-brain barrier and aggravate
cerebral edema after cerebral hemorrhage.

Given that ICH involves multiple pathophysiological mechanisms, current research on the risk factors
associated with posterior venous thrombosis in ICH has not yielded reliable assessments. Identifying predictors
of ICH-related posterior venous thrombotic events could aid in stratifying risks and developing effective
secondary prevention measures to mitigate these risks. Therefore, we developed a risk prediction model based
on the TyG index to forecast lower-extremity venous thrombosis in ICH patients during their first week of
hospitalization and investigated its predictive value regarding lower-extremity venous thrombosis in this patient
population.

Methods
Study design and participants
A total of 308 patients diagnosed with ICH at Changshu No. 1 People’s Hospital from 2022 to 2023 were enrolled
in this retrospective study aimed at developing and validating a nomogram for predicting lower-extremity
venous thrombosis in this patient population. All participants or their family members were informed about
the details of the study and provided written informed consent. The research protocol received approval from
the Ethics Committee of Changshu No. 1 People’s Hospital (Ethics Approval No. L-039), encompassing all
pertinent details. All experiments were conducted in accordance with applicable guidelines and regulations.
The prediction model underwent internal validation, with the participants randomly divided into the training
and validation groups at a ratio of 7:3, yielding 215 individuals in the training group and 93 individuals in the
validation group. Variables demonstrating P<0.05 in univariate logistic regression analysis were included for
subsequent multivariate regression analysis. The significant variables identified during this process contributed
to the construction of the nomogram model, which was further validated using appropriate statistical methods,
including decision curve analysis (DCA).

The inclusion criteria were as follows:

« meeting diagnostic criteria for spontaneous ICH%

« confirmation of ICH via computed tomography or magnetic resonance imaging upon admission; and.

« ICH patients who underwent screening for lower-extremity venous thrombosis via color Doppler ultrasonog-
raphy.

The exclusion criteria were as follows:

o age<18 years;

o ICH resulting from brain trauma, tumors, or embolism;

« hemorrhage confined to the ventricles or subarachnoid space;
« history of deep vein thrombosis or thrombolysis;

 ICH secondary to cerebral infarction;

« ICH caused by hematological disorders;

o hospital stay<72 h; and.

« incomplete clinical data.

Baseline data collection

The pertinent clinical data of the participants were meticulously documented and encompassed the following:
(1) basic information: body mass index (BMI), age, systolic blood pressure, and diastolic blood pressure; (2)
medical history details: smoking history, alcohol consumption history, diabetes history, hypertension history,
and cerebral infarction history; (3) laboratory indicators assessed on the first day after admission: FBG,
estimated glomerular filtration rate (eGFR), high-density lipoprotein-cholesterol (HDL-C), TG, and low-
density lipoprotein-cholesterol (LDL-C); and (4) conditions during hospitalization, including emergency cranial
surgery, prophylactic heparin therapy with a Caprini score > 10, as well as complications such as pneumonia or
lower-limb venous thrombosis. Note: The product index of TG and FBG was calculated using the following
formula: TyG =In (fasting TG [mg/dL] x FBG [mg/dL])/2.

Observed outcome

The primary outcome of this study was the incidence of venous thrombosis in the lower extremities (including
both superficial and deep vein thrombosis) within 1 week following hospitalization. Lower-extremity venous
thrombosis was evaluated via color Doppler ultrasound. The patients underwent screening on admission day
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and on days 4 and 7 thereafter; additional examinations were conducted at any time during hospitalization if
there were suspicions regarding lower-extremity venous thrombosis. Individuals who died or were discharged
within 7 days were excluded from this analytical cohort. Two senior physicians evaluated all enrolled patients
in the color ultrasound room. The diagnosis of lower-extremity venous thrombosis adhered to the guidelines
outlined in the “Guidelines for Diagnosis and Treatment of Deep Vein Thrombosis” (third edition)!.

Statistical analysis

R 4.2.2 and SPSS 26.0 version were used for statistical analysis. Count data were expressed as percentages
(%) and analyzed using the ¥? test or Fisher’s exact test, as appropriate. Measurement data were presented as
mean * standard deviation (X + s). The normality of distribution was assessed using the Kolmogorov-Smirnov (K-
S) test. Comparisons between two groups with normally distributed data were conducted using the independent-
samples f test, whereas comparisons between two groups with non-normally distributed measurement data were
performed using the Mann-Whitney U test.

Univariate and multivariate logistic regression analyses were employed to identify risk factors within the
training cohort. Based on the results from multivariate logistic regression analysis, a nomogram was created
to predict the risk of lower-limb venous thrombosis in ICH patients within 1 week of hospitalization. The
receiver operating characteristic (ROC) curve was used to evaluate the discriminative ability of the nomogram.
Additionally, performance assessment of the nomogram was conducted through a calibration curve, which
illustrated agreement between observed outcomes and predicted probabilities. DCA was performed to assess
clinical utility across all patients and quantify net benefits at varying threshold probabilities. A two-tailed P <0.05
was considered statistically significant.

Results

Comparison of baseline data between the training and validation groups

This retrospective study involved 308 patients diagnosed with ICH. The cohort was divided into the training
and validation groups at a 7:3 ratio, yielding 215 patients in the training group and 93 patients in the validation
group. The mean age of all participants was 65.6 years. In the training group, the average age was 65.9 years, and
64 patients (29.77%) developed lower-extremity venous thrombosis. The average age in the validation group
was 64.9 years, and 30 patients (32.26%) experienced lower-extremity venous thrombosis. The incidence rates
of lower-extremity venous thrombosis were comparable between the two groups. Previous medical history and
in-hospital conditions are detailed in Table 1. Statistical analysis of the baseline data indicated no significant
differences between the training and validation groups (P> 0.05).

Predictors of lower-extremity venous thrombosis and construction of a nomogram

The occurrence of lower-limb venous thrombosis served as the dependent variable for subsequent analyses,
and univariate and multivariate logistic regression analyses were conducted on the baseline characteristics
and laboratory examination results from the included patients. Univariate logistic regression revealed that

Variables All cohort (n=308) Training group (n=215) | Validation group (n=93) | Statistic | P

BMI, kg/m?, Mean + SD 25.37 £5.84 25.35+£594 25.43 £5.64 t=0.10 0917
Age, years, Mean + SD 65.59 + 8.06 65.87 + 8.08 64.92 +7.99 t=-0.95 0.343
Systolic blood pressure, mmHg, Mean + SD 131.20 + 16.98 131.46 + 16.69 130.61 + 17.70 t=-0.40 | 0.690
Diastolic blood pressure, nmHg, Mean + SD | 78.65 + 12.04 79.01 +12.32 77.82 +11.38 t=-0.80 | 0.426
Blood Sugar, mg/dl, Mean + SD 98.82 + 14.63 98.57 £ 14.37 99.39 £ 15.28 t=0.45 0.654
TyG index, Mean + SD 8.56 + 0.54 8.55 +0.52 8.60 + 0.59 t=0.77 0.443
eGFR, M (Q1, Q3) 70.39 (56.10, 84.18) 70.24 (55.93, 84.54) 71.56 (58.47, 82.70) 7=-0.02 | 0.984
HDL-C, mmol/L, M (Q1, Qs) 1.29 (1.09, 1.55) 1.29 (1.11, 1.56) 1.27 (1.06, 1.50) Z=-0.93 | 0.351

Triglycerides, mg/dl, M (Qi, Qs) 106.00 (75.00, 155.00) | 104.00 (75.00, 155.50) | 112.00 (78.00, 154.00) Z=-0.43 | 0.666

LDL-C, mmol/L, M (Qi, Qs) 110.00 (87.75, 137.00) | 109.00 (88.00, 135.50) 113.00 (87.00, 139.00) 7=-0.33 | 0.738

Male, n (%) 203(65.91) 143(66.51) 60(64.52) X*=0.12 | 0.734
History of diabetes, n (%) 35(11.36) 27 (12.56) 8 (8.60) x’=1.01 |0.315
History of high blood pressure, n(%) 167 (54.22) 112 (52.09) 55 (59.14) x°=1.30 |0.254
Emergency cranial surgery, n (%) 120 (38.96) 82 (38.14) 38 (40.86) x*=0.20 | 0.653
Preventive heparin therapy, n (%) 171 (55.52) 116 (53.95) 55 (59.14) x°=0.71 | 0.400
Caprini>10, n (%) 257 (84.26) 179 (84.04) 78 (84.78) X2:0.03 0.870
Smoking history, n (%) 167 (54.22) 115 (53.49) 52 (55.91) X*=0.15 | 0.695
Drinking history, n (%) 186 (60.39) 129 (60.00) 57 (61.29) X?=0.05 | 0.832
With pneumonia, n (%) 62 (20.13) 43 (20.00) 19 (20.43) X?=0.01 | 0.931
History of stroke, n (%) 18 (5.84) 11 (5.12) 7 (7.53) X*=0.69 | 0.408
Lower extremity venous thrombosis, n (%) 94 (30.52) 64 (29.77) 30 (32.26) x°=0.19 | 0.663

Table 1. Comparison of baseline and outcome data between the training and validation groups. t: t-test, Z:
Mann-Whitney test, XZ: Chi-square test, SD: standard deviation, M: Median, Q: 1st Quartile, Qs: 3st Quartile.
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Univariate logistic regression analysis Multivariate logistic regression analysis
Variables B SE |Z P OR (95%CI) B SE |Z P OR (95%CI)
Male 0.14 | 0.32 | 045 | 0.651 | 1.16 (0.62 ~ 2.16)
History of diabetes 0.56 | 0.42 | 1.32 | 0.186 | 1.75(0.76 ~ 4.02)
History of high blood pressure | 0.51 | 0.30 | 1.68 | 0.092 | 1.67 (0.92 ~ 3.02)
Emergency cranial surgery* 1.46 | 0.32 | 4.64 | <0.001 | 4.33(2.33 ~ 8.03) 1.44 | 0.44 | 3.26 | 0.001 | 4.24 (1.78 ~ 10.10)
Preventive heparin therapy -0.50 | 0.30 | -1.65 | 0.099 | 0.61 (0.34 ~ 1.10)
Caprini>10* 1.02 | 0.51 | 2.01 | 0.045 | 2.78 (1.02 ~ 7.55) 0.71 | 0.61 | 1.15 | 0.250 |2.03 (0.61 ~ 6.76)
Smoking history -0.29 | 0.30 | -0.97 | 0.334 | 0.75(0.42 ~ 1.35)
Drinking history 0.06 | 0.31 | 0.18 | 0.855 | 1.06 (0.58 ~ 1.92)
With pneumonia* 0.80 | 0.35 | 2.28 | 0.023 | 2.23(1.12 ~ 4.46) 0.82 | 0.40 | 2.02 | 0.043 | 2.26 (1.03 ~ 5.00)
History of stroke* 1.51 | 0.65 | 2.33 | 0.020 | 4.51(1.27 ~16.01) | 1.90 | 0.71 | 2.68 | 0.007 | 6.68 (1.67 ~ 26.80)
BMI 0.03 | 0.02 | 1.16 | 0.245 | 1.03 (0.98 ~ 1.08)
Age* 0.05 | 0.02 | 2.42 | 0.016 | 1.05(1.01 ~ 1.09) 0.05 | 0.02 | 1.99 | 0.046 | 1.05 (1.01 ~ 1.10)
TyG index* 1.44 | 0.33 | 4.36 | <0.001 | 4.21(2.21 ~ 8.03) 0.77 10.37 | 2.07 | 0.039 | 2.15(1.04 ~ 4.45)
eGFR* -0.02 | 0.01 |-2.54 | 0.011 | 0.98(0.97 ~0.99) |-0.02 | 0.01 | -1.86 | 0.063 | 0.98 (0.97 ~ 1.00)

Table 2. Univariate and multivariate logistic regression analyses. OR: Odds Ratio, CI: Confidence Interval; *
Indicates the factors included in the multivariate analysis.
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Fig. 1. Nomogram prediction model for the risk of lower-extremity venous thrombosis in patients with
intracerebral hemorrhage within 1 week of hospitalization.

emergency craniocerebral surgery, Caprini score> 10, pneumonia, stroke history, age, TyG index, and eGFR
exhibited significant correlations with lower-extremity venous thrombosis (P<0.05, Table 2). Multivariate
logistic regression analysis identified emergency cranial surgery, complicated pneumonia, stroke history, age,
and TyG index as the independent risk factors for lower-limb venous thrombosis among patients with ICH
(P<0.05, Table 2).

Several studies have shown that Caprini score > 10 and eGFR are closely related to thrombosis!'®~'°. Indeed,
our univariate logistic regression analysis indicated that both Caprini score > 10 and eGFR were associated with
lower-limb venous thrombosis in ICH patients. However, multivariate logistic regression analysis revealed that
these factors did not serve as independent risk factors for lower-extremity venous thrombosis, which may be
attributed to the limited sample size in this investigation. Therefore, Caprini scores > 10 and eGFR were retained
in the development of the nomogram model. Based on the findings from both univariate and multivariate
logistic regression analyses, a corresponding visual nomogram model was constructed, assigning specific scores
to each predictor. This allowed for the prediction of the risk of lower-extremity venous thrombosis within 1 week
after hospitalization for patients with ICH (Fig. 1).
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Fig. 2. ROC curves of the nomogram for the risk of lower-extremity venous thrombosis in ICH patients
during the first week of hospitalization in the training (A) and validation (B) groups. ROC, receiver operating
characteristic; AUC, area under the curve.
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Fig. 3. Calibration plot of the nomogram for the risk of lower-extremity venous thrombosis in ICH patients
during the first week of hospitalization in the training (A) and validation (B) groups.

Verification of the nomogram prediction model
To evaluate the discriminative ability of the nomogram model regarding the occurrence of lower-limb venous
thrombosis among ICH patients within 1 week after hospitalization, we employed ROC curve analysis. The ROC
curve yielded an area under the curve (AUC) of 0.79 (95% CI, 0.72-0.86) in the training group and 0.70 (95% CI,
0.58-0.83) in the validation group (Fig. 2A-B). The calibration plot was used to assess the concordance between
predicted probabilities from the nomogram and observed outcomes concerning lower-extremity venous
thrombosis among ICH patients during their first week after admission. The results indicated strong agreement
between the predicted probabilities and the actual observations, as illustrated in Fig. 3A-B. Furthermore,
we plotted DCA to evaluate the predictive performance of our nomogram assessment tool. The DCA results
demonstrated that our nomogram model provided favorable net clinical benefits as shown in Fig. 4A-B.

Discussion
ICH accounts for approximately 30% of all cases of cerebral apoplexy, with a fatality rate exceeding 30% during
the acute phase. The etiology of ICH is closely associated with cerebrovascular diseases. Conditions such as
hyperlipidemia, diabetes, and hypertension are significant contributors to cerebrovascular disease and also
heighten the risk of lower-limb VTE in patients with ICH. Due to complications such as limb paralysis, prolonged
bed rest, vascular wall damage, and abnormal coagulation function, patients with cerebral hemorrhage face
an elevated risk of VTE. Additionally, these patients are at a heightened risk for recurrent hemorrhage. The
anticoagulation paradox of this unique dual risk of intracerebral hemorrhage remains unresolved, so early
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Fig. 4. Decision curve analysis of the nomogram for the risk of lower-extremity venous thrombosis in ICH
patients within 1 week of hospitalization in the training (A) and validation (B) groups.

prediction of deep vein thrombosis (DVT) is critical to improving prognosis in patients with intracerebral
hemorrhage.

The findings from this study indicate that patients with ICH face a high risk (30.52%) of developing
lower-extremity venous thrombosis within 1 week after hospitalization. Factors such as emergency cranial
surgery, Caprini score> 10, presence of complicated pneumonia, history of stroke, age, TyG index, and eGFR
significantly correlated with lower-extremity venous thrombosis in these patients during their first week in
hospital. Multivariate logistic regression analysis identified emergency cranial surgery, complicated pneumonia,
stroke history, age, and TyG index as the independent risk factors for lower-limb venous thrombosis among
ICH patients within this timeframe. The Caprini score is an effective tool for risk stratification of venous
thromboembolism in surgical populations. Although statistical significance was not achieved in our univariate
multivariate logistic regression analysis (p=0.25), its inclusion was consistent with clinical guidelines
emphasizing cumulative risk assessment?’. Our goal is to provide clinicians with a comprehensive predictive tool
that integrates statistically significant variables and established clinical factors. Chronic neurologic deficits (e.g.,
limb weakness or immobility) post-stroke may reduce mobility, predisposing patients to venous stasis?!. Stroke-
induced prothrombotic tendencies (e.g., endothelial dysfunction or hypercoagulability) could further elevate
DVT risk?%. Based on both univariate and multivariate logistic regression analyses, a corresponding visual
nomogram model was developed. ROC curve analysis along with calibration charts and DCA demonstrated
that this model possesses substantial clinical utility in predicting the risk of lower-limb venous thrombosis in
ICH patients within 1 week following hospitalization.

To quantify a patient’s risk of developing venous thrombosis, researchers have developed risk assessment
tools tailored for various populations. Clinicians evaluate the likelihood of event occurrence through
quantitative indicators, stratifying patients’ risk levels and selecting appropriate preventive measures. However,
existing tools employ different threshold values to predict the risk degree of venous thrombosis in ICH patients,
resulting in significant variability in predictive ability and insufficient accuracy?***. Consequently, there is a
need to identify new assessment methods for predicting the risk of lower-extremity venous thrombosis in ICH
patients and to formulate precise prevention strategies. A multicenter clinical study that randomly assigned
ICH patients to receive either platelet transfusion or standard care has revealed that those receiving platelet
transfusions experienced a significantly higher incidence of serious adverse events during hospitalization than
those receiving standard care (42% vs. 29%). Additionally, patients who received a platelet transfusion exhibited
a markedly elevated 3-month mortality rate relative to standard care?. In the Multi-center Study of Cerebral
Hemorrhage in Italy, follow-up data on ICH survivors over 30 days indicated that male gender, diabetes mellitus,
hypercholesterolemia, atrial fibrillation, and personal history of coronary artery disease were associated with
an increased long-term risk of thrombosis. In contrast, the use of statins and antithrombotic medications after
acute cerebral hemorrhage was linked to a reduced risk'. Therefore, indiscriminate antiplatelet therapy may not
provide optimal benefits for all patients suffering from ICH. There is a pressing need for improved indicators
capable of accurately identifying ICH patients at high risk for lower-limb venous thrombosis and facilitating the
development of individualized secondary prevention measures.

There is currently no consensus regarding the risk factors associated with lower-extremity venous thrombosis
in ICH patients. Key risk factors for deep vein thrombosis in the lower limbs include trauma, surgical
interventions, hypertensive disorders, vascular puncture procedures, and other elements that may lead to venous
wall injury?®. Additionally, factors contributing to reduced blood flow—such as a history of venous thrombosis
and prolonged bed rest—as well as those promoting blood hypercoagulability—including advanced age, female
gender, atrial fibrillation, and abnormal coagulation function—are significant contributors.

The exact mechanism between TyG index and the development and prognosis of ICH is unclear, but evidence
supports the critical role of IR in this process. Previous studies have demonstrated that IR can exacerbate vascular
damage, thrombosis, and the rupture of atherosclerotic plaques and is closely linked to thrombosis in lower-limb
veins*”28, Under physiological conditions, insulin functions to inhibit platelet aggregation and thrombosis by
enhancing fibrinolysis and suppressing tissue factors. However, elevated blood glucose levels alongside IR can
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lead to increased platelet activity and atherothrombotic events. On the one hand, IR elevates levels of plasminogen
activator inhibitor-1 and fibrinogen while concurrently reducing tissue plasminogen activator concentrations.
On the other hand, hyperinsulinemia stimulates the expression of tissue factors as well as procoagulant activity
and thrombin production?®. Consequently, patients with IR or diabetes exhibit heightened plasma clotting
factor levels along with disease-associated coagulation agents; conversely, endogenous anticoagulant levels
are diminished. Moreover, disturbances in glucose metabolism among individuals with IR result in abnormal
megakaryocyte function. This leads to the production of larger platelets enriched with proteins and enzymes that
release more active substances—such as serotonin and thromboprotein—thereby inducing a hypercoagulable
state in these patients®. IR contributes to vascular dysfunction characterized by reduced synthesis of prostacyclin
and nitric oxide; it accelerates platelet activation while enhancing coagulation processes alongside inflammatory
responses leading to thrombosis®!. The TyG index serves as a novel metric reflecting IR. As it is derived from the
product of TG and FBG, it is relatively straightforward for clinical application. This index effectively indicates
underlying IR conditions that may not be readily detectable in patients along with blood hypercoagulability
associated with TyG. Through both univariate and multivariate logistic regression analyses conducted in this
study, we found that a history of emergency cranial surgery, presence of complicated pneumonia, prior stroke
incidents, age, and TyG index were the independent risk factors influencing lower-limb venous thrombosis
among ICH patients during their first week after hospitalization. Moreover, postoperative elevations in blood
glucose levels, blood pressure, and lipid profiles among acute ICH patients can persist over time. This condition
increases coagulation factors and disrupts the balance of the coagulation system. Furthermore, abnormalities in
lipid metabolism can impair vascular endothelial dilation functions, consequently heightening the risk of deep
VTE in the lower extremities.

Inflammation and oxidative stress, along with abnormal glucose metabolism and endothelial damage, create
conditions conducive to atypical lipid deposition, thereby facilitating the development of atherosclerotic lesions.
In patients with ICH, following the rupture of cerebral vessels, blood components—including red blood cells
and their metabolites, thrombin, and fibrinogen—can infiltrate the brain parenchyma through the compromised
blood-brain barrier. This infiltration triggers a cascade of oxidative stress and inflammation that heightens the
risk of thrombosis and plaque rupture. Endothelial injury, IR, inflammation, as well as disturbances in glucose
and lipid metabolism are interrelated factors that often perpetuate a vicious cycle leading to disease progression.
Within this context, endothelial injury is regarded as a central link in this pathological process while IR serves
as a critical mediator of endothelial damage. In this study, we introduced a novel index for assessing insulin
resistance—TyG—to underscore its significant role in lower limb venous thrombosis among ICH patients. This
approach offers an innovative method for indicating lower limb venous thrombosis in individuals suffering from
ICH. TyG index is involved in the pathophysiological process of cerebral hemorrhage through insulin resistance,
vascular injury, inflammation and other mechanisms, and may affect short-term and long-term prognosis. At
present, most of the evidence is based on observational studies, and future prospective cohort or mechanism
studies are needed to clarify the causal association and clinical intervention strategies.

While our model demonstrated commendable predictive capabilities—with AUCs of 0.79 and 0.70 in the
training and validation cohorts, respectively—the calibration curve indicated robust performance alongside
favorable clinical net benefits as shown by DCA. These results underscore our predictive model’s clinical validity
across both the training and validation groups. However, it is essential to acknowledge that this study was
constrained by its limited sample size and single-center design. Our research excluded patients who either died
or were discharged within 72 h of admission in order to enhance the accuracy of outcome ascertainment. While
this strategy improves the internal validity of our analysis, it may restrict generalizability by underrepresenting
the most severe cases. Future studies with broader inclusion criteria or those focused on early mortality would
complement our findings. Therefore, it is imperative to validate the model’s robustness through a larger multi-
center study and extended observation periods. This expansion will facilitate a comparison of the accuracy
between two prediction models developed before and after incorporating the TyG index for assessing the risk
of lower limb venous thrombosis in patients with cerebral hemorrhage. It will further evaluate the contribution
of the TyG index to enhancing predictive capability within this framework. Moreover, the substantial sample
size derived from a multi-center approach allows us to assess our predictive model’s accuracy through external
validation, thereby augmenting the universality of this study.

Conclusion

We developed and internally validated a predictive nomogram for predicting the risk of developing lower-limb
venous thrombosis within 1 week of hospitalization in ICH patients. The predictive nomogram combines the
TyG index with recognized clinical risk factors for ICH patients. The validation group data confirmed that the
TyG index can be used as a risk biomarker for lower-limb venous thrombosis in ICH patients within 1 week
of hospitalization, which is helpful for early identification of ICH patients at high risk for lower-limb venous
thrombosis and their individualized management.

Data availability
Datasets used during this study may be obtained from the corresponding author (fdcivilization@163.com) upon
reasonable request.
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