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This study aimed to investigate the association between the Fibrosis−4 (FIB−4) index and functional 
outcomes and hemorrhagic complications in patients with large vessel occlusion acute ischemic stroke 
(LVO-AIS) treated with mechanical thrombectomy (MT). In this single-center retrospective cohort 
study, we consecutively enrolled patients with LVO-AIS who underwent MT between January 2018 
and February 2024. The primary endpoint was poor functional outcome at 90 days (modified Rankin 
Scale score 3–6). Secondary endpoints included hemorrhagic transformation (HT) and symptomatic 
intracranial hemorrhage (sICH). Multivariable logistic regression models and restricted cubic spline 
analyses were used to evaluate the association between FIB−4 index and outcomes after adjusting for 
potential confounders. Among 421 patients, 254 (60.33%) had poor outcomes, 197 (46.79%) developed 
HT, and 76 (18.05%) experienced sICH. After adjustment for confounding factors, each unit increase in 
FIB−4 index was associated with a 38% higher risk of poor outcome (P = 0.013). This association showed 
significant nonlinearity (P-nonlinear = 0.010), with risk increasing exponentially beyond a FIB−4 
threshold of 2.4. Advanced fibrosis (FIB−4 ≥ 2.67) was independently associated with poor outcomes 
(P = 0.024). FIB−4 index independently predicts poor functional outcomes in LVO-AIS patients. This 
readily available biomarker may help identify high-risk patients who could benefit from enhanced 
monitoring and individualized treatment strategies.
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Despite advances in acute stroke care, large vessel occlusion acute ischemic stroke (LVO-AIS) remains a 
devastating condition with high mortality and disability rates, accounting for approximately 28–46% of all 
acute ischemic strokes1–3. While mechanical thrombectomy (MT) has revolutionized the treatment of LVO-AIS 
through rapid restoration of cerebral perfusion and salvage of the ischemic penumbra4, a substantial proportion 
of patients still experience poor outcomes, suggesting the existence of incompletely understood prognostic 
factors5.

Non-alcoholic fatty liver disease (NAFLD), the most prevalent chronic liver disease globally, shows marked 
geographic variation in prevalence, ranging from 13% in Africa to 42% in Southeast Asia6,7. The NAFLD spectrum 
encompasses a continuum from simple steatosis to non-alcoholic steatohepatitis, potentially progressing to liver 
fibrosis, cirrhosis, and hepatocellular carcinoma8. Recent evidence suggests that liver fibrosis, as the common 
end-pathway of various chronic liver diseases, may influence stroke outcomes through multiple mechanisms, 
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including systemic inflammation, oxidative stress, endothelial dysfunction, and coagulation abnormalities9–17. 
This issue holds particular significance in China, where the prevalence of NAFLD, the primary cause of liver 
fibrosis, reaches 29.6%—significantly higher than the Asian average. By 2030, NAFLD is projected to affect more 
than 314 million people in China, making it the country with the largest NAFLD population globally18,19.

The Fibrosis−4 (FIB−4) index, a non-invasive assessment tool incorporating serum aminotransferase levels 
and platelet count, has emerged as a valuable predictor of outcomes in AIS patients. Growing evidence associates 
elevated FIB−4 indices with multiple adverse outcomes in AIS, including more severe neurological deficits at 
admission, higher rates of hemorrhagic transformation and in-hospital mortality, poor long-term functional 
outcomes, and increased risk of stroke recurrence20–25. Furthermore, the FIB−4 index has demonstrated efficacy 
in predicting the risk of symptomatic intracranial hemorrhage (sICH) and poor outcomes following intravenous 
thrombolysis26–28. However, LVO-AIS patients receiving MT face unique and complex pathophysiological 
challenges, characterized not only by more extensive initial ischemic injury and broader penumbral regions 
but also by susceptibility to various reperfusion-related complications. Consequently, the pattern of association 
between liver fibrosis and outcomes in this specific population may differ from that in conventional stroke 
patients. Nevertheless, a significant knowledge gap persists regarding the impact of liver fibrosis on short-term 
outcomes in Chinese LVO-AIS patients after MT.

Against this background, we aimed to investigate the association between liver fibrosis, as assessed by the 
FIB−4 index, and 90-day functional outcomes in Chinese LVO-AIS patients treated with MT. We hypothesized 
that elevated FIB−4 indices would be significantly associated with poor outcomes, potentially providing a reliable 
early risk stratification tool to optimize individualized treatment strategies.

Materials and methods
Study design and population
We conducted this single-center retrospective cohort study at a national comprehensive stroke center in China. 
A total of 421 consecutive patients with AIS who underwent MT between January 2018 and February 2024 were 
enrolled. Inclusion criteria were: age ≥ 18 years, diagnosis of acute ischemic stroke according to World Health 
Organization criteria, and large vessel occlusion confirmed by computed tomographic angiography or digital 
subtraction angiography (DSA), involving the internal carotid artery, M1/M2 segments of the middle cerebral 
artery, basilar artery, or P1 segment of the posterior cerebral artery. We excluded patients with intracranial 
hemorrhage on baseline imaging, pre-stroke modified Rankin Scale score > 2, history of severe liver disease 
(viral hepatitis, cirrhosis, hepatocellular carcinoma) or severe renal insufficiency, current use of hepatotoxic 
medications, incomplete baseline data, or loss to follow-up. To reflect real-world clinical practice, patients with 
chronic alcohol consumption were not excluded29. The patient selection process is detailed in Supplementary 
Fig. 1.

Fig. 1.  FIB−4 Index Distribution by Clinical Outcomes in LVO-AIS Patients Receiving Mechanical 
Thrombectomy. Box plots showing FIB−4 index distribution in patients stratified by (A) 90-day functional 
outcome, (B) hemorrhagic transformation (HT), and (C) symptomatic intracranial hemorrhage (sICH). 
Medians (horizontal lines), interquartile ranges (boxes), ranges (whiskers), and individual data points are 
shown. Red lines indicate linear trends. Patients with poor outcomes showed significantly higher FIB−4 indices 
compared with those with good outcomes (2.30 vs. 1.75, P < 0.001). Similarly, elevated FIB−4 indices were 
observed in patients with HT (2.29 vs. 1.77, P < 0.001) and sICH (2.97 vs. 1.88, P < 0.001). ***P < 0.001.
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This study was approved by the Ethics Committee of Zhongshan Hospital of Xiamen University (approval 
number: xmzsyyky2022−196) and conducted in accordance with the Declaration of Helsinki. The Ethics 
Committee of Zhongshan Hospital of Xiamen University waived the requirement for informed consent due to 
the retrospective nature of the study and anonymized data handling.

Data collection
Baseline data were collected through electronic medical records, including demographic characteristics, 
cerebrovascular risk factors (smoking, alcohol consumption, hypertension, diabetes mellitus, previous stroke/
transient ischemic attack [TIA], coronary heart disease, valvular heart disease, and atrial fibrillation), and vital 
signs at admission. Stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS) 
and consciousness level was evaluated using the Glasgow Coma Scale (GCS) by trained neurologists. Stroke 
subtypes were classified according to the Trial of ORG 10,172 in Acute Stroke Treatment criteria as large-artery 
atherosclerosis, cardioembolism, or other causes (including other determined etiology and undetermined 
etiology).

MT-related parameters were recorded in detail, including onset-to-puncture time, onset-to-reperfusion time, 
puncture-to-reperfusion time, number of thrombectomy attempts, thrombectomy technique, use of intravenous 
thrombolysis, and reperfusion status. Post-procedure reperfusion was assessed using the modified Thrombolysis 
in Cerebral Infarction (mTICI) scale based on final DSA results, with successful reperfusion defined as mTICI 
grade 2b−330.

FIB−4 index assessment
Fasting venous blood samples were collected on the first morning after admission. Complete blood count 
parameters were measured using an automated hematology analyzer, and serum biochemical parameters, 
including liver enzymes, lipid profiles, and renal function indices, were assessed using an automated biochemical 
analyzer. The FIB−4 index was calculated using the following laboratory parameters:

	
FIB − 4 = Age (years) × Aspartate aminotransferase (U/L)

Platelet count (109/L) ×
√

Alanine aminotransferase (U/L)

Based on a meta-analysis of 37 studies (5,735 patients) for non-invasive diagnosis of advanced NAFLD fibrosis 
and thresholds recommended by Chinese guidelines for metabolic-associated fatty liver disease31,32, patients 
were stratified into three groups: minimal fibrosis (FIB-4 ≤ 1.3), significant fibrosis (1.3 < FIB-4 < 2.67), and 
advanced fibrosis (FIB-4 ≥ 2.67). These cutoff values have been extensively validated for non-invasive assessment 
of liver fibrosis, with FIB-4 < 1.3 effectively excluding advanced fibrosis and FIB-4 ≥ 2.67 indicating advanced 
fibrosis, and have been widely applied in multiple studies evaluating AIS outcomes24,26,28,29.

Clinical outcomes and follow-up assessment
The primary clinical endpoint was poor functional outcome at 90 days post-MT, defined as a modified Rankin 
Scale (mRS) score of 3–6. Secondary endpoints included hemorrhagic transformation (HT) and symptomatic 
intracranial hemorrhage (sICH). All patients underwent cranial CT scans at 24 and 72 h post-MT. According 
to the European Cooperative Acute Stroke Study-III criteria33, HT was classified into hemorrhagic infarction 
(HI−1: petechial hemorrhage along the margins of the infarct; HI−2: confluent hemorrhage within the infarcted 
area without mass effect) and parenchymal hemorrhage (PH−1: ≤30% of the infarcted area with mild mass effect; 
PH−2: >30% of the infarcted area with significant mass effect). sICH was defined as any intracranial hemorrhage 
associated with either a ≥ 4-point increase in total NIHSS score or a ≥ 2-point increase in any single NIHSS item 
from baseline, or requiring interventions such as endotracheal intubation, decompressive craniectomy, external 
ventricular drainage, or other significant medical interventions, with no other identifiable cause.

Follow-up assessments were conducted at 90 days post-stroke via telephone interviews by specially trained 
research coordinators. Functional status and all-cause mortality data were collected during follow-up. For 
deceased patients, preliminary information was obtained from family members and subsequently verified 
through death certificates from treating hospitals or community hospitals to ensure data accuracy and 
completeness. To maintain assessment consistency and reliability, all follow-up evaluations were performed by 
rigorously trained personnel. Assessment results were entered in real-time into the National Cerebrovascular 
Disease Big Data Platform (Stroke Center Construction Information Management System) for centralized data 
management and analysis.

Statistical analysis
Statistical analyses were performed using R software (Version 4.2.2). The Shapiro-Wilk test was used to assess the 
normality of continuous variables. Normally distributed continuous variables were presented as mean ± standard 
deviation and compared using independent samples t-tests, while non-normally distributed continuous 
variables were expressed as median (interquartile range [IQR]) and compared using Mann-Whitney U tests. 
Categorical variables were presented as frequencies and percentages, with between-group differences analyzed 
using Pearson’s chi-square test or Fisher’s exact test as appropriate. The predictive value of the FIB−4 index was 
evaluated using receiver operating characteristic (ROC) curves, with calculation of the area under the curve 
(AUC), optimal cutoff values, sensitivity, and specificity (Supplementary Table S1).

To examine the association between FIB−4 index and poor outcomes, we constructed three progressively 
adjusted multivariable logistic regression models. Model 1 was unadjusted; Model 2 was adjusted for demographic 
and clinical factors (age, hyperlipidemia, atrial fibrillation, baseline NIHSS score, and GCS score); and Model 3 
was further adjusted for procedural parameters and laboratory measures (number of thrombectomy attempts, 
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successful reperfusion status, white blood cell count, neutrophil count, lymphocyte count, platelet count, fasting 
glucose, creatinine, and uric acid levels). Model performance was assessed using Akaike Information Criterion 
(AIC), corrected AIC (AICc), Bayesian Information Criterion (BIC), Tjur’s R², root mean square error (RMSE), 
and percentage of correct predictions (PCP) (Supplementary Table S2). To investigate the association between 
FIB−4 index and 90-day mRS scores, we developed three similarly adjusted multivariable linear regression 
models, with covariate selection and adjustment strategies matching those of the logistic regression models. 
Multiple indicators were used to evaluate model performance, including R² (proportion of variance explained), 
RMSE, AIC, AICc, and BIC (Supplementary Table S3).

To explore potential nonlinear relationships, we performed restricted cubic spline regression analyses, with 
optimal knot placement determined by AIC. Three spline terms were generated to model nonlinear associations, 
and the statistical significance of each spline term was evaluated (Supplementary Table S4). Model goodness-of-
fit was assessed using R-squared, adjusted R-squared, residual standard error, and F-tests (Supplementary Table 
S5).

Subgroup analyses were conducted based on sex, age (< 60 vs. ≥60 years), vascular risk factors, and 
TOAST classification, informed by previous evidence and biological plausibility. Sex stratification was based 
on documented differences in fibrosis progression between males and females, while TOAST classification 
stratification considered how different etiological mechanisms might influence the association between FIB−4 
and outcomes. Effect modification was assessed by introducing interaction terms (FIB−4 × stratification variable) 
into the multivariable models. The statistical significance of interaction terms was evaluated using likelihood 
ratio tests, with P < 0.1 considered indicative of significant interaction. All statistical tests were two-sided, with 
P < 0.05 considered statistically significant.

Results
Demographic and clinical characteristics
Among 421 patients with LVO-AIS who underwent MT (Table 1), 283 (67.2%) were male, with a median age 
of 68 years (IQR, 57–76 years). At 90-day follow-up, 254 patients (60.3%) had poor functional outcomes (mRS 
3–6). During hospitalization, HT occurred in 197 patients (46.8%), of whom 76 (18.1%) developed sICH.

Patients with poor outcomes were significantly older (median age 69 vs. 64 years, P < 0.001) and had a 
greater burden of vascular risk factors. While hypertension was the most prevalent comorbidity (68.7%), 
followed by atrial fibrillation (41.1%), diabetes mellitus (29.7%), and hyperlipidemia (23.5%), the poor outcome 
group exhibited a higher prevalence of atrial fibrillation (46.1% vs. 33.5%, P = 0.011) but a lower prevalence of 
hyperlipidemia (19.6% vs. 29.3%, P = 0.022).

Neurological assessment at admission revealed more severe functional deficits in the poor outcome group, as 
evidenced by higher baseline NIHSS scores (median 17 vs. 13, P < 0.001) and lower GCS scores (median 11 vs. 
14, P < 0.001). Regarding treatment characteristics, 40.4% of patients received intravenous thrombolysis prior to 
MT. Successful reperfusion was achieved in 38.0% of patients, with a higher rate observed in the good outcome 
group (43.7% vs. 34.3%, P = 0.050). The poor outcome group required more thrombectomy attempts (median 2 
vs. 1, P = 0.003).

Laboratory findings
Laboratory investigations (Table  2) revealed marked inflammatory responses and metabolic disturbances in 
the poor outcome group. These patients demonstrated elevated white blood cell counts (12.5 vs. 10.7 × 109/L, 
P < 0.001), increased neutrophil counts (10.7 vs. 8.6 × 109/L, P < 0.001), and decreased lymphocyte counts (0.93 
vs. 1.22 × 109/L, P < 0.001). Regarding metabolic parameters, patients with poor outcomes exhibited higher 
fasting glucose levels (7.94 vs. 6.87 mmol/L, P < 0.001) and lower platelet counts (196 vs. 210 × 109/L, P = 0.013). 
Additionally, the poor outcome group showed elevated levels of creatinine (75 vs. 72 µmol/L, P = 0.008), uric acid 
(336 vs. 318 µmol/L, P = 0.037), and aspartate aminotransferase (26 vs. 24 U/L, P = 0.007).

Association of FIB−4 index with clinical outcomes
The FIB−4 index was significantly higher in patients with poor outcomes compared to those with good 
outcomes (2.30 vs. 1.75, P < 0.001; Table 2; Fig. 1). Quartile analysis revealed that patients with poor outcomes 
had a markedly higher proportion in Q4 (FIB−4 ≥ 3.01; 34.3% vs. 11.4%) and a significantly lower proportion 
in Q1 (FIB−4 < 1.35; 19.7% vs. 32.9%, P < 0.001). Based on threshold values recommended by meta-analyses 
and Chinese guidelines, patients were stratified into minimal fibrosis (FIB−4 ≤ 1.30; n = 89, 21.1%), significant 
fibrosis (1.30 < FIB−4 < 2.67; n = 191, 45.4%), and advanced fibrosis (FIB−4 ≥ 2.67; n = 141, 33.5%) groups. The 
poor outcome group demonstrated a higher proportion of advanced fibrosis (43.7% vs. 18.0%) and a lower 
proportion of minimal fibrosis (15.4% vs. 29.9%, P < 0.001).

The FIB−4 index also showed significant associations with hemorrhagic complications (Table  3; Fig.  2). 
Patients who developed HT had higher FIB−4 indices (2.29 vs. 1.77, P < 0.001), with a greater proportion in Q4 
(32.0% vs. 19.2%) and a smaller proportion in Q1 (19.8% vs. 29.5%, P < 0.001). This pattern was more pronounced 
in patients with sICH, who exhibited substantially higher FIB−4 indices (2.97 vs. 1.88, P < 0.001). The proportion 
of advanced fibrosis was particularly high among patients with sICH (55.3% vs. 30.3% in significant fibrosis and 
14.5% in minimal fibrosis groups, P < 0.001).

Predictive value of FIB−4 index for clinical outcomes
ROC curve analysis (Fig. 2) demonstrated moderate predictive capability of the FIB−4 index whether analyzed 
as a continuous variable (AUC = 0.652), quartiles (AUC = 0.637), or clinical categories (AUC = 0.650). When 
analyzed as a continuous variable, the optimal cutoff value was 2.681, yielding a sensitivity of 83% and specificity 
of 43%. Regarding hemorrhagic complications, the FIB−4 index showed better predictive value for sICH 
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Variables

90-day functional outcome

P valueOverall, N = 421 mRS 0–2, N = 167 mRS 3–6, N = 254

Baseline Characteristics

Age, year 68 (57, 76) 64 (55, 72) 69 (59, 78) < 0.001

Male sex, n (%) 283 (67.22) 116 (69.46) 167 (65.75) 0.427

Current smoker, n (%) 151 (35.87) 69 (41.32) 82 (32.28) 0.059

Alcohol consumption, n (%) 95 (22.57) 42 (25.15) 53 (20.87) 0.304

Medical history, n (%)

Hypertension 289 (68.65) 110 (65.87) 179 (70.47) 0.319

Diabetes mellitus 125 (29.69) 41 (24.55) 84 (33.07) 0.061

Hyperlipidemia 99 (23.52) 49 (29.34) 50 (19.69) 0.022

Previous stroke or TIA 66 (15.68) 24 (14.37) 42 (16.54) 0.550

Coronary heart disease 54 (12.83) 16 (9.58) 38 (14.96) 0.106

Atrial fibrillation 173 (41.09) 56 (33.53) 117 (46.06) 0.011

Valvular heart disease 51 (12.11) 19 (11.38) 32 (12.60) 0.707

Initial Clinical Assessment

Baseline NIHSS score 15 (11, 19) 13 (8, 16) 17 (13, 20) < 0.001

Baseline GCS score 12 (10, 14) 14 (11, 15) 11 (9, 14) < 0.001

Systolic blood pressure, mmHg 148 (133, 163) 148 (133, 161) 147 (132, 164) 0.726

Diastolic blood pressure, mmHg 87 (77, 97) 87 (77, 98) 88 (77, 96) 0.874

Stroke etiology, n (%) 0.168

Large-artery atherosclerosis 217 (51.54) 95 (56.89) 122 (48.03)

Cardioembolism 185 (43.94) 64 (38.32) 121 (47.64)

Others 19 (4.51) 8 (4.79) 11 (4.33)

Occluded vessel, n (%) 0.085

Anterior circulation 346 (82.19) 141 (84.43) 205 (80.71)

Posterior circulation 68 (16.15) 26 (15.57) 42 (16.54)

Both anterior and posterior 7 (1.66) 0 (0.00) 7 (2.76)

Procedural Characteristics, n (%)

Intravenous thrombolysis 170 (40.38) 71 (42.51) 99 (38.98) 0.469

Onset to puncture time, min 378 (264, 600) 367 (237, 655) 388 (276, 584) 0.432

Onset to reperfusion time, min 498 (365, 738) 490 (327, 749) 500 (379, 732) 0.421

Puncture to reperfusion time, min 97 (60, 155) 95 (55, 142) 98 (65, 165) 0.124

Number of thrombectomy attempts 2.00 (1.00, 2.00) 1.00 (1.00, 2.00) 2.00 (1.00, 3.00) 0.003

Successful reperfusion 160 (38.00) 73 (43.71) 87 (34.25) 0.050

Treatment Strategy, n (%)

Thrombectomy alone 104 (24.70) 43 (25.75) 61 (24.02) 0.687

Aspiration alone 24 (5.70) 9 (5.39) 15 (5.91) 0.823

Combined approach 259 (61.52) 103 (61.68) 156 (61.42) 0.957

Balloon angioplasty 86 (20.43) 38 (22.75) 48 (18.90) 0.337

Clinical Outcomes, n (%)

Hemorrhagic transformation 197 (46.79) 51 (30.54) 51 (30.54) < 0.001

sICH 76 (18.05) 3 (1.80) 73 (28.74) < 0.001

Discharge mRS 4.00 (2.00, 5.00) 2.00 (1.00, 3.00) 5.00 (4.00, 5.00) < 0.001

90-day mRS 3.00 (1.00, 5.00) 1.00 (0.00, 2.00) 4.00 (4.00, 6.00) < 0.001

Table 1.  Clinical characteristics and outcomes of acute ischemic stroke patients stratified by 90-Day 
functional outcome after mechanical thrombectomy. Values are expressed as median (IQR) for non-normally 
distributed continuous variables and n (%) for categorical variables. Continuous variables were compared 
using independent samples t-test or Mann-Whitney U test as appropriate. Categorical variables were compared 
using chi-square test or Fisher’s exact test. Bold P values indicate statistical significance (P < 0.05). Successful 
reperfusion was defined as modified TICI grade 2b-3. Abbreviations: mRS, modified Rankin Scale; NIHSS, 
National Institutes of Health Stroke Scale; GCS, Glasgow Coma Scale; TIA, transient ischemic attack; sICH, 
symptomatic intracranial hemorrhage; TICI, Thrombolysis in Cerebral Infarction; IQR, interquartile range.
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(AUC = 0.651) than for HT (AUC = 0.597). For sICH, a cutoff value of 2.955 achieved 79% sensitivity and 50% 
specificity (Supplementary Table S1).

Associations of FIB−4 index with poor outcome
Multivariable logistic regression analysis revealed that the FIB−4 index independently predicted poor outcomes 
at 90 days (Table 4). In the fully adjusted model (Model 3), each unit increase in FIB−4 index was associated 
with a 38% higher risk of poor outcome (OR = 1.38, 95% CI: 1.11–1.77, P = 0.013). Quartile analysis showed that 
compared with Q1, patients in Q4 had significantly higher risk of poor outcomes, an association that persisted 
after comprehensive adjustment (Model 3: OR = 3.13, 95% CI: 1.06–9.30, P = 0.040). Similarly, when grouped 
by clinical thresholds, the advanced fibrosis group (FIB−4 ≥ 2.67) demonstrated higher risk of poor outcomes 
compared to the minimal fibrosis group (Model 3: OR = 3.29, 95% CI: 1.17–9.25, P = 0.024). Trend analysis 
revealed a significant dose-dependent relationship between increasing FIB−4 levels and poor outcomes (P for 
trend = 0.017).

Variables

90-day functional outcome

P valueOverall, N = 421 mRS 0-2, N = 167 mRS 3-6, N = 254

Hematological parameters

White blood cell, ×109/L 11.6 (9.8, 13.9) 10.7 (8.7, 12.5) 12.5 (10.3, 14.7) <0.001

Neutrophil, ×109/L 10.0 (7.9, 12.0) 8.6 (6.9, 10.6) 10.7 (8.8, 12.8) <0.001

Lymphocyte, ×109/L 1.05 (0.74, 1.38) 1.22 (0.92, 1.62) 0.93 (0.70, 1.21) <0.001

Monocyte, ×109/L 0.60 (0.46, 0.74) 0.58 (0.46, 0.72) 0.61 (0.47, 0.78) 0.130

Red blood cell, ×1012/L 4.22 (3.80, 4.63) 4.29 (3.94, 4.63) 4.18 (3.72, 4.64) 0.056

Hemoglobin, g/L 130 (116, 141) 132 (118, 140) 127 (113, 142) 0.188

Platelet count, ×109/L 201 (169, 242) 210 (178, 249) 196 (160, 234) 0.013

Biochemical Markers

Total protein, g/L 65 (62, 70) 65 (62, 69) 65 (62, 70) 0.853

Albumin, g/L 37.0 (34.6, 39.4) 37.1 (35.5, 39.5) 37.0 (34.0, 39.3) 0.167

Triglycerides, mmol/L 1.09 (0.80, 1.44) 1.12 (0.87, 1.44) 1.07 (0.75, 1.45) 0.144

Total cholesterol, mmol/L 4.35 (3.64, 5.01) 4.40 (3.78, 4.92) 4.31 (3.54, 5.10) 0.525

HDL-C, mmol/L 1.17 (0.99, 1.32) 1.16 (1.00, 1.29) 1.18 (0.97, 1.35) 0.535

LDL-C, mmol/L 2.88 (2.28, 3.36) 2.94 (2.41, 3.37) 2.83 (2.19, 3.34) 0.227

FBG, mmol/L 7.47 (6.28, 9.46) 6.87 (5.75, 8.47) 7.94 (6.61, 9.98) <0.001

Creatinine, μmol/L 74 (59, 88) 72 (58, 82) 75 (60, 92) 0.008

Uric acid, μmol/L 330 (269, 407) 318 (263, 381) 336 (273, 418) 0.037

ALT, U/L 16 (12, 23) 16 (12, 24) 16 (12, 22) 0.188

AST, U/L 25 (20, 31) 24 (19, 29) 26 (20, 36) 0.007

FIB-4 index (continuous) 2.02 (1.35, 3.01) 1.75 (1.18, 2.45) 2.30 (1.46, 3.33) <0.001

FIB-4 index (quartiles), n (%) <0.001

Q1 [0.169,1.35) 105 (24.94) 55 (32.93) 50 (19.69)

Q2 [1.35,2.02) 105 (24.94) 46 (27.54) 59 (23.23)

Q3 [2.02,3.01) 105 (24.94) 47 (28.14) 58 (22.83)

Q4 [3.01,14.2] 106 (25.18) 19 (11.38) 87 (34.25)

FIB-4 index categories, n (%) <0.001

Minimal fibrosis 89 (21.14) 50 (29.94) 39 (15.35)

Significant fibrosis 191 (45.37) 87 (52.10) 104 (40.94)

Advanced fibrosis 141 (33.49) 30 (17.96) 111 (43.70)

Table 2.  Laboratory parameters and FIB-4 index distribution stratified by 90-Day functional outcome in acute 
ischemic stroke patients undergoing mechanical thrombectomy. Values are expressed as median (IQR) for 
non-normally distributed continuous variables and n (%) for categorical variables. Continuous variables were 
compared using Mann-Whitney U test due to non-normal distribution. Categorical variables were compared 
using chi-square test. Bold P values indicate statistical significance (P<0.05). FIB-4 index was calculated as: 
(Age × AST)/(Platelet count × √ALT). FIB-4 categories were stratified according to a recent meta-analysis and 
Chinese guidelines for metabolic dysfunction-associated fatty liver disease: minimal fibrosis (FIB-4 ≤1.30), 
significant fibrosis (1.30< FIB-4 <2.67), and advanced fibrosis (FIB-4 ≥2.67). Abbreviations: mRS, modified 
Rankin Scale; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, 
fasting blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FIB-4, Fibrosis-4 index.
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Associations of FIB−4 index with 90-Day mRS scores
Linear regression analysis further confirmed the independent association between FIB−4 index and 90-day mRS 
scores (Table 5). In the fully adjusted model (Model 3), each unit increase in FIB−4 index was associated with a 
0.25-point increase in mRS score (95% CI: 0.13–0.38, P < 0.001). Quartile analysis demonstrated that compared 
with Q1, patients in Q4 had significantly higher mRS scores (β=1.22, 95% CI: 0.52–1.92, P < 0.001). Similarly, 
the advanced fibrosis group (FIB−4 ≥ 2.67) showed a 1.21-point higher mRS score compared to the minimal 
fibrosis group (95% CI: 0.52–1.89, P < 0.001). This association exhibited a significant dose-dependent trend (P 
for trend < 0.001).

Nonlinear associations between FIB−4 index and poor outcome
Using the AIC principle, knots were automatically placed at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles. 
Restricted cubic spline analysis revealed significant nonlinear associations between FIB−4 index and poor 
outcomes (Fig.  3). After comprehensive adjustment for confounders, the relationship between FIB−4 index 

Fig. 2.  Predictive Performance of FIB−4 Index for Clinical Outcomes. Receiver operating characteristic 
curves comparing predictive performance of FIB−4 index analyzed as continuous variable (red), quartiles 
(blue), and clinical categories (green) for (A) 90-day poor outcome, (B) hemorrhagic transformation, and (C) 
symptomatic intracranial hemorrhage. Continuous FIB−4 showed modest discrimination for poor outcomes 
(AUC = 0.652, 95% CI: 0.600−0.704), with similar performance for HT (AUC = 0.597, 95% CI: 0.543–0.651) 
and sICH (AUC = 0.651, 95% CI: 0.575–0.727). Diagonal gray lines indicate random prediction (AUC = 0.5). 
AUC indicates area under the curve; CI, confidence interval.

 

Variables

Hemorrhagic transformation

P value

sICH

P valueYes, N = 197 No, N = 224 Yes, N = 76 No, N = 345

FIB-4 index (continuous) 2.29 (1.46, 3.29) 1.77 (1.29, 2.75) <0.001 2.97 (1.55, 4.75) 1.88 (1.34, 2.83) <0.001

FIB-4 index (quartiles), n (%) <0.001 <0.001

Q1 [0.169,1.35) 39 (19.80) 66 (29.46) 13 (17.11) 92 (26.67)

Q2 [1.35,2.02) 44 (22.34) 61 (27.23) 12 (15.79) 93 (26.96)

Q3 [2.02,3.01) 51 (25.89) 54 (24.11) 15 (19.74) 90 (26.09)

Q4 [3.01,14.2] 63 (31.98) 43 (19.20) 36 (47.37) 70 (20.29)

FIB-4 index categories, n (%) <0.001 <0.001

Minimal fibrosis 31 (15.74) 58 (25.89) 11 (14.47) 78 (22.61)

Significant fibrosis 84 (42.64) 107 (47.77) 23 (30.26) 168 (48.70)

Advanced fibrosis 82 (41.62) 59 (26.34) 42 (55.26) 99 (28.70)

Table 3.  FIB-4 index distribution according to hemorrhagic complications in patients with LVO-AIS receiving 
mechanical thrombectomy. Values are expressed as median (IQR) for non-normally distributed continuous 
variables and n (%) for categorical variables. Continuous variables were compared using Mann-Whitney U 
test due to non-normal distribution. Categorical variables were compared using chi-square test. Bold P values 
indicate statistical significance (P<0.05). FIB-4 index was calculated as: (Age × AST)/(Platelet count × √ALT). 
FIB-4 categories were stratified according to a recent meta-analysis and Chinese guidelines for metabolic 
dysfunction-associated fatty liver disease: minimal fibrosis (FIB-4 ≤1.30), significant fibrosis (1.30< FIB-4 
<2.67), and advanced fibrosis (FIB-4 ≥2.67). Abbreviations: FIB-4, Fibrosis-4 index; sICH, symptomatic 
intracranial hemorrhage.
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Variables

Model 1 Model 2 Model 3

β (95%CI) P value β (95%CI) P value β (95%CI) P value

FIB-4 index (continuous) 0.37 (0.26, 0.47) <0.001 0.25 (0.14, 0.36) <0.001 0.25 (0.13, 0.38) <0.001

FIB-4 index (quartiles)

Q1 [0.169,1.35) Reference Reference Reference

Q2 [1.35,2.02) 0.46 (-0.06, 0.98) 0.085 0.36 (-0.15, 0.86) 0.170 0.48 (-0.04, 0.99) 0.069

Q3 [2.02,3.01) 0.64 (0.12, 1.16) 0.016 0.15(-0.41, 0.71) 0.600 0.31 (-0.30, 0.92) 0.323

Q4 [3.01,14.2] 1.70 (1.19, 2.22) <0.001 1.13 (0.54, 1.73) <0.001 1.22 (0.52, 1.92) <0.001

P for trend <0.001 <0.001

FIB-4 index categories

Minimal fibrosis Reference Reference Reference

Significant fibrosis 0.59 (0.11, 1.07) 0.016 0.35 (-0.14, 0.84) 0.165 0.46 (-0.04, 0.97) 0.075

Advanced fibrosis 1.70 (1.19, 2.20) <0.001 1.14 (0.54, 1.74) <0.001 1.21 (0.52, 1.89) <0.001

P for trend <0.001 <0.001 <0.001

Table 5.  Linear regression model for FIB-4 index and 90-Day modified Rankin scale scores. Three progressive 
adjustment models were constructed to evaluate the relationship between FIB-4 index and 90-day mRS scores. 
Results are presented as regression coefficients (β) with 95% confidence intervals. Bold P values indicate 
statistical significance (P<0.05). Model 1: Unadjusted Model 2: Adjusted for demographic and clinical factors 
(age, baseline NIHSS score, baseline GCS score, hyperlipidemia, and atrial fibrillation) Model 3: Additionally 
adjusted for procedural and laboratory parameters (thrombectomy attempts, successful reperfusion [mTICI 
2b-3], white blood cell, neutrophil, lymphocyte, platelet count, fasting glucose, creatinine, and uric acid). β 
represent the change in mRS score per unit increase in FIB-4 index or compared to the reference category. FIB-
4 categories represent: Minimal fibrosis (≤1.30): Reference category; Significant fibrosis (1.30< FIB-4 <2.67); 
Advanced fibrosis (≥2.67). Abbreviations: mRS, modified Rankin Scale; NIHSS, National Institutes of Health 
Stroke Scale; GCS, Glasgow Coma Scale; mTICI, modified Thrombolysis in Cerebral Infarction; CI, confidence 
interval.

 

Variables

Model 1 Model 2 Model 3

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

FIB-4 index (continuous) 1.58 (1.34, 1.91) <0.001 1.37 (1.14, 1.70) 0.002 1.38 (1.11, 1.77) 0.013

FIB-4 index (quartiles)

Q1 [0.169,1.35) Reference Reference Reference

Q2 [1.35,2.02) 1.41 (0.82, 2.43) 0.214 1.27 (0.71, 2.29) 0.417 1.42 (0.68, 2.96) 0.345

Q3 [2.02,3.01) 1.36 (0.79, 2.34) 0.270 0.79 (0.41, 1.53) 0.486 0.81 (0.33, 1.98) 0.648

Q4 [3.01,14.2] 5.04 (2.69, 9.43) <0.001 2.93 (1.38, 6.22) 0.005 3.13 (1.06, 9.30) 0.040

P for trend <0.001 0.027 0.110

FIB-4 index categories

Minimal fibrosis Reference Reference Reference

Significant fibrosis 1.53 (0.92, 2.54) 0.098 1.21 (0.69, 2.13) 0.504 1.35 (0.65, 2.80) 0.425

Advanced fibrosis 4.74 (2.65, 8.48) <0.001 2.95 (1.43, 6.07) 0.003 3.29 (1.17, 9.25) 0.024

P for trend <0.001 0.003 0.017

Table 4.  Logistic regression model for FIB-4 index and poor functional outcome at 90 days after mechanical 
thrombectomy. Poor functional outcome was defined as 90-day modified Rankin Scale score 3-6. Three 
models with progressive adjustment for potential confounders were constructed to evaluate the robustness 
of the association. Results are presented as odds ratios with 95% confidence intervals. Bold P values 
indicate statistical significance (P<0.05). Models were constructed with progressive adjustment for potential 
confounders: Model 1: Unadjuted Model 2: Adjusted for age, baseline NIHSS score, baseline GCS score, 
hyperlipidemia, and atrial fibrillation Model 3: Additionally adjusted for thrombectomy attempts, successful 
reperfusion (mTICI 2b-3), and laboratory parameters (white blood cell, neutrophil, lymphocyte, platelet count, 
fasting glucose, creatinine, and uric acid). Abbreviations: OR, odds ratio; CI, confidence interval; NIHSS, 
National Institutes of Health Stroke Scale; GCS, Glasgow Coma Scale; mTICI, modified Thrombolysis in 
Cerebral Infarction.
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and poor outcomes demonstrated nonlinear characteristics (P-overall = 0.001; P-nonlinear = 0.010). The risk 
increased exponentially when the FIB−4 index exceeded 2.4.

Subgroup analysis
Subgroup analyses revealed heterogeneity in the association between FIB−4 index and 90-day poor outcomes 
across different patient populations (Fig.  4). Significant effect modification was observed by sex (P for 
interaction = 0.012), with stronger associations in males (OR = 1.88, 95% CI: 1.36–2.59, P < 0.001) but non-
significant associations in females (OR = 1.13, 95% CI: 0.82–1.55, P = 0.448). Similarly, significant interaction 
was found across TOAST classifications (P for interaction = 0.017), with the strongest association observed in 
cardioembolic stroke patients (OR = 2.22, 95% CI: 1.45–3.40, P < 0.001) and relatively weaker associations in 
large-artery atherosclerosis patients (OR = 1.14, 95% CI: 0.88–1.46, P = 0.317). No significant interactions were 
observed across other risk factor subgroups, including age, hypertension, diabetes, hyperlipidemia, coronary 
heart disease, atrial fibrillation, valvular heart disease, and history of stroke/TIA (all P for interaction > 0.05), 
suggesting the predictive value of FIB−4 index remained consistent across these subgroups.

Discussion
In this retrospective cohort study of LVO-AIS patients undergoing MT, we identified several key findings 
regarding the prognostic value of the FIB−4 index. First, using threshold values validated by large-scale 
meta-analyses and recommended by Chinese clinical guidelines, approximately one-third (33.5%) of patients 
exhibited advanced liver fibrosis. Second, after comprehensive adjustment for potential confounders, the 
FIB−4 index showed significant associations with poor functional outcomes at 90 days, a relationship that 
remained consistent whether analyzed as a continuous variable, in quartiles, or by clinical thresholds. Notably, 
this association demonstrated marked nonlinearity, with risk increasing exponentially when the FIB−4 index 
exceeded 2.4. Furthermore, patients who developed HT or sICH exhibited significantly higher FIB−4 indices 
and a greater proportion of advanced fibrosis.

Our findings extend current understanding of the prognostic utility of the FIB−4 index in AIS. Previous 
studies have demonstrated that elevated FIB−4 indices correlate with multiple adverse outcomes, including 
more severe neurological deficits at admission, increased risk of hemorrhagic transformation, higher in-hospital 
mortality, poor functional outcomes, and increased stroke recurrence20–25. In patients receiving intravenous 
thrombolysis, the FIB−4 index has demonstrated particular prognostic value26–28. Chen et al.27 showed that, after 
adjusting for confounders, elevated FIB−4 levels were significantly associated with risks of both HT (adjusted 
OR = 1.340, 95% CI: 1.170–1.544) and sICH (adjusted OR = 1.358, 95% CI: 1.184–1.569). Similarly, Norata et al.28 
found that compared to patients with minimal fibrosis (FIB−4 ≤ 1.3), those with advanced fibrosis (FIB−4 ≥ 2.67) 
demonstrated significantly higher rates of hemorrhagic complications and poor 90-day outcomes. In the context 
of MT, although research has been relatively limited, existing evidence highlights the significant predictive value 
of the FIB−4 index. Höfler et al.29 first revealed that elevated FIB−4 levels were significantly associated with poor 
functional outcomes (OR = 2.15, 95% CI: 1.21–3.83, P = 0.009) and mortality risk (OR = 2.16, 95% CI: 1.16–4.03, 
P = 0.01) at 3 months post-MT, although no association with hemorrhagic complications was found. Conversely, 
another cohort study identified elevated FIB−4 as an independent risk factor for post-MT sICH (OR = 1.306, 
95% CI: 1.127–1.512, P = 0.001)34. Our study not only validates these associations in a different geographical 
and population context but also confirms the strong relationship between higher FIB−4 indices and both 
hemorrhagic complications and poor 90-day outcomes following MT, providing important complementary 
evidence to this field of research.

Fig. 3.  Nonlinear Relationship Between FIB−4 Index and Poor Outcomes. Restricted cubic spline analyses 
showing nonlinear associations between FIB−4 index and 90-day poor functional outcomes across three 
models: (A) unadjusted, (B) adjusted for clinical factors, and (C) fully adjusted for clinical and laboratory 
parameters. Red lines show odds ratios with 95% confidence intervals (pink shading). Blue histograms display 
FIB−4 index distribution. All models revealed significant nonlinearity (P < 0.01) with consistent break-points at 
FIB−4 = 2.4, above which risk increased exponentially. Dashed lines at odds ratio = 1 indicate reference level.
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Fig. 4.  Differential Associations of FIB−4 Index Across Patient Subgroups. Forest plot showing adjusted 
odds ratios for the association between FIB−4 index (per unit increase) and poor functional outcome across 
prespecified subgroups. Squares represent point estimates of odds ratios, with horizontal lines indicating 
95% confidence intervals. Square sizes are proportional to subgroup sample sizes. Significant interactions 
were observed for sex (P for interaction = 0.012) and TOAST classification (P for interaction = 0.017), with 
stronger associations observed in males (OR = 1.88, 95% CI: 1.36–2.59) and patients with cardioembolic stroke 
(OR = 2.22, 95% CI: 1.45–3.40). The vertical dashed line represents an odds ratio of 1.
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Multiple pathophysiological mechanisms may explain the association between liver fibrosis and poor outcomes 
in MT patients. Inflammatory response likely plays a central role in this process. Patients with liver fibrosis 
exhibit a state of chronic low-grade inflammation even before stroke onset. Du Plessis et al. demonstrated that 
the histological severity of NAFLD positively correlates with the expression of inflammation-regulatory genes 
and levels of pro-inflammatory mediators9,35. These patients typically show progressive elevation in levels of 
interleukin−8, tumor necrosis factor-α, and chemokine ligand 39. Wagner et al.10 further identified significantly 
elevated serum matrix metalloproteinase−9 (MMP−9) levels in these patients compared to controls. This 
finding is particularly significant given the established role of serum MMP−9 in blood-brain barrier disruption, 
vasogenic edema formation, and hemorrhagic transformation, as well as its crucial role in acute infarct expansion 
and disease progression in AIS patients36–38. During acute ischemic events, patients with liver fibrosis often 
demonstrate enhanced peripheral immune cell mobilization and tissue infiltration, potentially amplifying the 
inflammatory cascade and further compromising blood-brain barrier integrity11. Additionally, oxidative stress, 
serving as a common pathological foundation for both liver fibrosis and cardiovascular disease, directly damages 
blood-brain barrier structure through degradation of extracellular matrix components and disruption of tight 
junction proteins12,13. Moreover, advanced liver disease is accompanied by complex coagulation disorders that 
may simultaneously affect both thrombosis and bleeding risk16,17. The synergistic effects of these factors may 
exacerbate acute ischemic neuronal injury.

Liver fibrosis may also impair long-term neurological recovery through multiple mechanisms. Studies have 
revealed that hepatocytes in NAFLD patients release specific circulating extracellular vesicles that can activate 
vascular endothelial inflammatory responses, leading to cerebral microvascular barrier dysfunction14,39–41. 
This endothelial dysfunction, closely associated with insulin resistance and arterial stiffness, may delay post-
stroke vascular remodeling and repair. Furthermore, hepatic dysfunction may exacerbate cerebral small vessel 
disease and white matter injury42, particularly in patients with high white matter lesion burden. The resulting 
disruption of white matter fiber network integrity and cerebral metabolic dysfunction can significantly impact 
neuroplasticity and functional reserve, ultimately hindering effective neurological recovery43,44.

Patients with LVO-AIS undergoing MT face unique and complex pathophysiological challenges, which 
may be particularly pronounced in those with liver fibrosis. LVO-AIS patients not only experience larger 
initial ischemic injuries and more extensive penumbra, but are also susceptible to a spectrum of reperfusion-
related complications. Flow restoration can trigger severe reperfusion injury, amplification of secondary injury 
mechanisms (including increased risk of hemorrhagic transformation and cerebral edema), and more intense 
inflammatory cascade responses. As previously discussed, these pathophysiological cascades may be especially 
destructive in patients with liver fibrosis, as they already exhibit blood-brain barrier compromise due to chronic 
systemic inflammation and oxidative stress. The combination of pre-existing blood-brain barrier dysfunction 
and reperfusion-induced oxidative injury may create synergistic effects, significantly increasing susceptibility 
to post-MT hemorrhagic complications. Moreover, LVO-AIS patients inherently face elevated HT risk, which 
may be further amplified by liver fibrosis-associated coagulation disorders, as the latter involves complex 
hemodynamic disturbances affecting both coagulation and anticoagulation pathways. Additionally, secondary 
hepatic dysfunction and metabolic dysregulation associated with liver fibrosis may further compromise the 
physiological reserve in these critically ill patients.

Notably, our subgroup analyses revealed differential prognostic impacts of the FIB−4 index across patient 
populations, with the strongest associations observed in males and patients with cardioembolic stroke. These 
sex-specific differences may arise from multiple mechanisms. Androgens, particularly testosterone, play a crucial 
role in regulating liver fibrosis progression. Previous studies have demonstrated an inverse correlation between 
testosterone levels and fibrosis severity45. Conversely, another study found that females have a 37% higher risk 
of developing advanced fibrosis compared to males46. These hormonal influences may interact with stroke 
pathophysiology in a sex-specific manner. Furthermore, males typically exhibit more unfavorable lipid profiles, 
such as elevated low-density lipoprotein cholesterol and reduced high-density lipoprotein cholesterol levels, 
which may amplify the synergistic effects between liver fibrosis and atherosclerosis, thereby exacerbating stroke 
risk and outcomes47. The significant association observed in cardioembolic stroke patients may be mediated 
through liver fibrosis-induced cardiac remodeling and atrial fibrillation. Recent evidence suggests that liver 
fibrosis is associated with atrial structural remodeling and increased risk of atrial fibrillation, both established 
risk factors for cardioembolic stroke that can increase thrombus burden and stroke severity26.

Several important limitations should be acknowledged in our study. First, the retrospective observational 
design precludes establishment of a direct causal relationship between liver fibrosis and stroke outcomes. 
Although we adjusted for known confounders through multivariable regression analysis, we cannot completely 
rule out the potential influence of unmeasured or unknown confounding factors. Second, as a single-center 
cohort study, our findings may not fully represent the broader stroke population, potentially limiting the 
generalizability of our results. Patient characteristics, treatment protocols, and outcomes may vary across medical 
institutions, particularly in regions with different stroke care infrastructure or demographic characteristics. 
Third, methodological challenges exist in using day−1 post-admission FIB−4 index as a fibrosis marker. Acute 
stroke, as a severe systemic stress event, may significantly affect aminotransferase levels and platelet counts, 
thereby influencing FIB−4 calculations. Although the FIB−4 index is widely used for assessing liver fibrosis, its 
diagnostic performance in AIS patients has not been systematically validated. The lack of comparison with other 
validated non-invasive assessment methods (such as transient elastography or magnetic resonance elastography) 
limits our ability to confirm the accuracy of FIB−4 in this specific population.

These limitations provide direction for future research. Large-scale prospective multicenter validation studies 
are needed to confirm our findings and establish generalizability across different healthcare settings and patient 
populations. Such studies should incorporate multiple fibrosis assessment methods, including elastography 
techniques, to validate the utility of the FIB−4 index in stroke patients. Importantly, interventional trials are 
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warranted to evaluate whether FIB−4-guided management strategies can effectively improve outcomes in high-
risk populations.

Conclusion
Our study demonstrates that the FIB−4 index is independently associated with poor 90-day functional 
outcomes, with particularly strong associations observed in males and patients with cardioembolic stroke. This 
association exhibits marked nonlinearity, with risk increasing exponentially when the FIB−4 index exceeds 2.4. 
These findings suggest that the FIB−4 index may serve as a convenient biomarker for risk stratification in these 
patients, helping identify those who might benefit from enhanced monitoring and individualized treatment 
strategies. Although our results require further validation through prospective multicenter studies, they provide 
a foundation for developing personalized post-procedural treatment protocols for patients with concurrent liver 
fibrosis.

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