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Abstract
Background: Hemorrhagic transformation (HT) is recognized as a common compilation of acute
ischemic stroke. The aim of this study was to investigate whether liver �brosis indices are related to HT.
Methods: We included ischemic stroke patients within 7 days of symptom onset. We calculated 3 liver
�brosis indices including the Aspartate Aminotransferase - Platelet Ratio Index (APRI), the Fibrosis - 4 (FIB
- 4) score, and the Nonalcoholic Fatty Liver Disease Fibrosis Score (NFS) . Primary outcome was HT and
secondary outcomes were symptomatic HT or parenchymal hemorrhage. We used multivariate logistic
regression to assess the association between liver �brosis indices and outcomes. Results: Among 2033
patients with ischemic stroke, the median APRI, FIB - 4 and NFS were signi�cantly higher in HT cases
compared with controls (APRI: 0.37 vs. 0.31; FIB-4: 2.44 vs. 1.86; 0.13 vs. -0.30, respectively; all P <0.001).
After adjustment for potential confounders, the OR (95%CI) of HT for those in the highest tertile of APRI
was 1.53 (1.05 - 2.24) compared with patients in the lowest tertile ( P for trend = 0.038). FIB - 4 (OR 1.28,
95% CI 0.82 - 2.01; P for trend = 0.07) and NFS (OR 1.31, 0.71 - 2.44; P for trend = 0.068) were not
associated with HT. Indices were not associated with the secondary outcomes. Conclusions: In patients
with ischemic stroke, high APRI was associated with increased risks of HT, suggesting that APRI might be
a prognostic biomarker for HT after acute ischemic stroke.

Introduction
Hemorrhagic transformation (HT) is recognized as a common compilation of acute ischemic stroke.[1]
HT, especially symptomatic HT or parenchymal hematoma (PH), not only contributes to poor prognosis
but also limits access to appropriate therapies.[2] In China, the rate of thrombolysis is very low (< 10%),
partly due to fears of intracerebral hemorrhage after thrombolysis.[3] Therefore, it is very important to
explore risk factors of HT, which would help to identify high-risk individuals and select appropriate
treatment.

Recent evidence suggests that non-alcoholic fatty liver disease (NAFLD) is associated with increased
incidence of ischemic stroke.[4–6] In addition, accumulating data indicates that ischemic stroke patients
with NAFLD had worse functional outcome compared with those without NAFLD.[7, 8] NAFLD can
progress to liver �brosis, which is also an independent risk factor of ischemic stroke and its long-term
outcomes.[4, 6, 9] Liver �brosis and HT shared similar mechanisms, including in�ammation, oxidative
stress and endothelial dysfunction. Few studies on a possible association between HT and liver �brosis
exist; it is uncertain whether liver �brosis affects HT development. To date, liver biopsy is the most
effective method for the evaluation of liver �brosis.[10] However, not all stoke patients can perform a liver
biopsy to assess the liver �brosis unless necessary. The Aspartate Aminotransferase-Platelet Ratio Index
(APRI), the Fibrosis − 4 score (FIB − 4), and the Nonalcoholic Fatty Liver Disease Fibrosis Score (NFS) are
the three commonly used noninvasive liver �brosis indices, which have been suggested in current
guidelines.[11]

Thus, we conducted this study to assess the association between liver �brosis indices and HT.
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Materials And Methods

Study Participants
We performed this study based on the data of the Chengdu Stroke Registry, which prospectively and
consecutively recruited stroke patients from the Department of Neurology at West China Hospital,
Sichuan University.[12] The ischemic stroke was diagnosed on the clinical manifestations and then
con�rmed by radiological �ndings. For the present analysis, we included ischemic stroke patients within 7
days of stroke onset from January 2016 to September 2018. Patients were excluded if they: 1) presented
hemorrhagic transformation in initial computed tomography (CT) or magnetic resonance imaging (MRI);
2) did not performed follow-up CT or MRI scan during hospital; 3) did not offer blood samples. The
protocol of this study was approved by the Biomedical Research Ethics Committee of West China
Hospital, Sichuan University, and conformed to local and international ethical criteria. Written informed
consent was given by each patient before the procedure.

Data Collection
Based on a pre-designed standardized form, we collected demographic characteristics (age, sex and body
mass index), medication histories (antiplatelets, lipid-lowering agents and anticoagulants), medical
histories (hypertension, diabetes mellitus, hyperlipidemia and atrial �brillation), lifestyle risk factors
(current smoking and drinking), clinical features (stroke severity and baseline blood pressure), laboratory
data [glucose, platelet, total bilirubin, albumin, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST)] and therapies after admission (antiplatelets, thrombolysis, thrombectomy, lipid-
lowering agents and anticoagulants). The baseline stroke severity was evaluated by trained neurologists
assessed using National Institutes of Health Stroke Scale (NIHSS) score.[13] The potential stroke etiology
was identi�ed by the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classi�cation system.[14]
Fasting blood samples were collected within 24 h of hospital admission and delivered to the laboratory
department of our hospital. All laboratory data were analyzed via automatic biochemical analyzer. An
initial head CT was performed on admission for all patients, then follow-up head MRI was �nished within
7 days after admission. When patients showed clinical deterioration, repeated CT would be undergone.

Measurement of Liver Fibrosis Indices
Liver �brosis indices including APRI, FIB – 4 and NFS. The calculation formulas are as follows[15]: APRI
= [(AST/upper limit of normal)/platelet count] × 100; FIB-4 = (age × AST) / [platelet count × (alanine
aminotransferase) ^1/2]; NFS=-1.675 + 0.037 × age + 0.094 × body mass index + 1.13 × impaired fasting
glucose or diabetes (Yes = 1, No = 0) + 0.99 × AST / ALT – 0.013 × platelet count – 0.66 × albumin (AST:
IU/L; platelet: 10^9; age: years; body mass index: kilograms/square meter; glucose: mmol/L; albumin:
g/dL).

Outcome Assessment
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The primary outcome measure was HT, which was de�ned as imaging evidence of hemorrhagic
infarction or parenchymal hemorrhage. The secondary outcome measures were symptomatic HT or
parenchymal hemorrhage (PH). Symptomatic HT was de�ned as any intracranial hemorrhage associated
with neurological deterioration.[16] PH was de�ned as intracranial hemorrhage with mass effect
according to the European Cooperative Acute Stroke Study II criteria.[17] HT was independently evaluated
by two researchers who were blind to clinical data. Any disagreement was resolved through discussion.

Statistical Analysis
Categorical variables were presented as frequencies with percentages, and Chi-square test or Fisher’s
exact test was applied to compare categorical variables. Continuous variables were described as means
with the standard deviations or median with interquartile ranges, and Student’s t test or Mann–Whitney U
test was applied to compare continuous variables.

Unadjusted and adjusted odds ratio (OR) and 95% con�dence interval (CI) was calculated. We created
two multivariate logistic regression models to evaluate the relationships between each �brosis index and
HT. Model 1 included age and sex. Model 2 included variables in model 1 plus other possible
confounding factors. If signi�cant association was found, we would conduct strati�ed logistic regression
analyses used to explore potential indicators that may modify the relationship between liver �brosis
indices and HT. The signi�cance of interaction was tested by the likelihood ratio test. We further used
logistic regression model with restricted cubic splines to explore the pattern and magnitude of the
association between liver �brosis indices (continuous variable) and HT with three knots (at the 10th, 50th,
90th percentiles), adjusting for covariates in model 2 if possible. Additionally, we calculated net
reclassi�cation index (NRI) and integrated discrimination improvement (IDI) to assess the incremental
prognostic value of liver �brosis indices beyond conventional risk factors if possible.[18]

All statistical analyses were performed using SPSS 26.0 (IBM, Chicago, IL, USA), R (http://www.R-
project.org, The R Foundation) and Stata 15.0 (STATA, College Station, TX, USA). Two-sided values of P < 
0.05 were considered statistically signi�cant.

Results

Study participants and characteristics
During the study period, 2206 patients with ischemic stroke patients met the study criteria, of whom 173
(7.8%) were excluded: 85 patients had HT on admission, 67 patients did not undergo a second CT or MRI
scan and 21 patients lacked blood samples. Finally, 2033 patients were included in this study. The mean
age was 64.6 years and 1284 (63.2%) subjects were males. Baseline characteristics are shown in Table 1
and Table S1.
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Table 1
Baseline characteristics of participants according to hemorrhagic transformation

  Non-HT group (n = 1803) HT group (n = 230) P-value

Demographics      

Age (years) 64 ± 14 68 ± 14 < 0.001

Male, n (%) 1171 (64.95%) 113 (49.13%) < 0.001

Medication histories      

Antiplatelets, n (%) 192 (10.65%) 25 (10.87%) 0.919

Lipid-lowering agents, n (%) 123 (6.82%) 17 (7.39%) 0.748

Anticoagulants, n (%) 72 (3.99%) 12 (5.22%) 0.38

Medical histories      

Hypertension, n (%) 1013 (56.18%) 114 (49.57%) 0.057

Diabetes mellitus, n (%) 414 (22.96%) 51 (22.17%) 0.789

Hyperlipidemia, n (%) 68 (3.77%) 7 (3.04%) 0.711

Atrial �brillation, n (%) 165 (9.15%) 69 (30.00%) < 0.001

Current smoking, n (%) 779 (43.21%) 83 (36.09%) 0.04

Current drinking, n (%) 509 (28.23%) 51 (22.17%) 0.053

Clinical features      

NIHSS on admission, median (IQR) 5 (2–10) 12 (7–18) < 0.001

SBP (mmHg) 146 ± 23 139 ± 23 < 0.001

DBP (mmHg) 86 ± 15 84 ± 16 0.042

Glucose (mmol/L) 6.77 (5.75–8.80) 7.75 (6.45–9.34) < 0.001

Platelet (× 109/L) 173(134–213) 152 (117–194) < 0.001

Total bilirubin (umol/L) 12 (8.9–16.9) 13.25 (9.67–17.92) 0.004

ALT (IU/L) 18 (13–27) 18 (13–27) 0.788

AST (IU/L) 21 (17–27) 23 (18–30) 0.003

APRI 0.31 (0.22–0.46) 0.37 (0.27–0.60) < 0.001

NHISS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood
pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; APRI: the Aspartate
Aminotransferase-Platelet Ratio Index; FIB-4: the Fibrosis-4 score; NFS: the Nonalcoholic Fatty Liver
Disease Fibrosis Score; TOAST: the Trial of ORG 10172 in Acute Stroke Treatment. *n = 1011.
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  Non-HT group (n = 1803) HT group (n = 230) P-value

FIB-4 1.86 (1.23–2.79) 2.44 (1.50–3.85) < 0.001

NFS -0.30 (− 1.23–0.59) 0.13 (− 0.72–1.03) < 0.001

Therapies after admission      

Antiplatelet, n (%) 1704 (94.51%) 196 (85.22%) < 0.001

Thrombolysis, n (%) 79 (4.38%) 27 (11.74%) < 0.001

Thrombectomy, n (%) 78 (4.33%) 24 (10.43%) < 0.001

Anticoagulants, n (%) 213 (11.81%) 33 (14.35%) 0.267

Lipid-lowering agents, n (%) 1702 (94.40%) 201 (87.39%) < 0.001

TOAST classi�cation      

Large-artery atherosclerosis, n (%) 596 (33.06%) 72 (31.30%) < 0.001

Small-artery occlusion, n (%) 479 (26.57%) 3 (1.30%)  

Cardioembolic, n (%) 319 (17.69%) 111 (48.26%)  

Other etiology, n (%) 345 (19.13%) 40 (17.39%)  

Undetermined etiology, n (%) 64 (3.55%) 4 (1.74%)  

NHISS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood
pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; APRI: the Aspartate
Aminotransferase-Platelet Ratio Index; FIB-4: the Fibrosis-4 score; NFS: the Nonalcoholic Fatty Liver
Disease Fibrosis Score; TOAST: the Trial of ORG 10172 in Acute Stroke Treatment. *n = 1011.
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Table 2
Multivariable logistic regression analysis between liver �brosis indices and hemorrhagic transformation

  Unadjusted   Model 1   Model 2  

0R (95%CI) P-
value

0R (95%CI) P-
value

0R (95%CI) P-value

ARRI            

Tertiles 1 Reference   Reference   Reference  

Tertiles 2 1.51 (1.05–
2.18)

0.028 1.45 (1.00–
2.10)

0.050 1.32 (0.89–
1.95)

0.163

Tertiles 3 2.05 (1.44–
2.91)

< 
0.001

1.98 (1.39–
2.83)

< 
0.001

1.53 (1.05–
2.24)

0.027

P for
trend

< 0.001   < 0.001   0.038  

FIB − 4            

Tertiles 1 Reference   Reference   Reference  

Tertiles 2 1.16 (0.80–
1.69)

0.445 1.00 (0.67–
1.51)

0.993 0.83 (0.54–
1.27)

0.389

Tertiles 3 2.16 (1.53–
3.03)

< 
0.001

1.71 (1.13–
2.60)

0.011 1.28 (0.82–
2.01)

0.275

P for
trend

< 0.001   0.001   0.07  

NFS            

Tertiles 1 Reference   Reference   Reference  

Tertiles 2 1.67 (1.01–
2.75)

0.045 1.26 (0.74, 2.14) 0.404 1.27 (0.71, 2.29) 0.422

Tertiles 3 2.05 (1.26–
3.32)

0.004 1.35 (0.77, 2.37) 0.298 1.31 (0.71, 2.44) 0.388

P for
trend

0.005   0.356   0.068  

OR: odds ratio; CI: con�dence interval; APRI: the Aspartate Aminotransferase-Platelet Ratio Index; FIB-
4: the Fibrosis-4 score; NFS: the Nonalcoholic Fatty Liver Disease Fibrosis Score; Model 1: adjusted
for age, sex; Model 2: adjusted for covariates from Model 1 and further adjusted for NHISS, National
Institutes of Health Stroke Scale, atrial �brillation, smoking, drinking, systolic blood pressure, diastolic
blood pressure, glucose, antiplatelets, thrombolysis, thrombectomy, lipid-lowering agents after
admission and the Trial of ORG 10172 in Acute Stroke Treatment classi�cation.
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A total of 230 patients (11.3%) experienced HT, of whom 33 exhibited symptomatic HT and 103
developed PH. Compared with patients who did not develop HT, those who developed HT were more likely
to be older, females, and had higher prevalence of atrial �brillation, baseline NIHSS score, glucose, total
bilirubin, AST, proportion of thrombolysis, and thrombectomy, but had lower prevalence of smoking,
drinking, systolic and diastolic blood pressure, platelet, proportion of antiplatelet and lipid-lowering
agents after admission (All P < 0.05).

Association of liver �brosis indices with risk of hemorrhagic
transformation
Levels of APRI, FIB-4 and NFS were signi�cantly higher in HT cases compared with controls (APRI: 0.37
vs. 0.31; FIB − 4: 2.44 vs. 1.86; 0.13 vs. -0.30, respectively; all P < 0.001). Compared with patients in the
lowest tertile, the OR (95%CI) of HT for those in the highest tertile of APRI was 1.53 (1.05–2.24) after
adjustment for potential confounders in model 2 (P for trend = 0.038). However, there was no signi�cant
association of FIB − 4 in tertiles with HT in model 2 (OR 1.28, 95% CI 0.82–2.01; P for trend = 0.07).
Similar results were obtained for NFS in tertiles (OR 1.31, 0.71–2.44; P for trend = 0.068).

The multivariable-adjusted spline regression model suggested a linear relationship between APRI, FIB − 4,
NFS and HT (Fig. 1). We further explored the association between liver �brosis indices and symptomatic
HT or PH. No liver �brosis indices were independently associated with symptomatic HT or PH after
adjusting for confounders (Table S2).

Subgroup analyses on the association between APRI and
hemorrhagic transformation
In subgroup analyses strati�ed by sex, age, atrial �brillation, smoking, drinking, baseline NIHSS score,
systolic blood pressure, diastolic blood pressure, glucose, antiplatelets, lipid-lowering agents, reperfusion
therapy (thrombolysis or thrombectomy) and stroke subtype,, no signi�cant interaction between APRI and
these interesting factors on HT was observed (all P for interaction > 0.05; Fig. 2).

Incremental prognostic value of APRI in patients with
ischemic stroke
We evaluated reclassi�cation to explore whether any of liver indices could add the predictive values to
conventional risk factors (Table 3). Individually, adding each liver �brosis index to the basic model
improved risk reclassi�cation for HT. FIB − 4 provided the greatest incremental predictive ability over the
basic model (NRI 21.6%, P = 0.002; IDI 0.9%, P = 0.011).
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Table 3
Reclassi�cation and discrimination statistics for hemorrhagic transformation by liver �brosis indices

  NRI   IDI  

  Estimate (95% CI), % P value Estimate (95% CI), % P value

Conventional model Reference - Reference -

Conventional model + APRI 17.3 (3.6–31.0) 0.013 0.5 (-0.1–1.1) 0.058

Conventional model + FIB − 4 21.6 (7.9–35.3) 0.002 0.9 (0.3–1.5) 0.011

Conventional model + NFS 12.1 (-6.7–30.9) 0.001 0.1 (-0.3–0.5) 0.419

NRI, Net reclassi�cation index; IDI, integrated discrimination improvement; APRI: the Aspartate
Aminotransferase-Platelet Ratio Index; FIB-4: the Fibrosis-4 score; NFS: the Nonalcoholic Fatty Liver
Disease Fibrosis Score; Conventional model included age, sex, National Institutes of Health Stroke
Scale, atrial �brillation, smoking, drinking, systolic blood pressure, diastolic blood pressure, glucose,
antiplatelets, thrombolysis, thrombectomy, lipid-lowering agents after admission and the Trial of ORG
10172 in Acute Stroke Treatment classi�cation

Discussion
In this study, we assessed the association between three non-invasive indices of liver �brosis (APRI, FIB − 
4 and NFS) and HT in patients with acute ischemic stroke. The present study of 2033 patients
demonstrated high APRI was independently associated with increased risk of HT after adjustment for
potential confounders. Subgroup analyses further con�rmed these �ndings. Moreover, the addition of
liver �brosis indices to conventional prognostic factors could signi�cantly improve the risk prediction for
HT after ischemic stroke.

Although it is well known that liver �brosis is associated with cardiovascular diseases[19–22], only a few
studies have assessed the relationship between liver �brosis and stroke speci�cally. The study by Kim et
al. showed a signi�cant positive association between acute ischemic stroke and liver �brosis. [6] In
addition, a Korean study involving 395 patients with ischemic stroke or transient ischaemic attack
showed that liver �brosis was an independent predictor of mortality during long-term follow-up.[9]
Recently, a cohort study using data from the Virtual International Stroke Trials Archive–Intracerebral
Hemorrhage indicated that two liver �brosis indices-APRI and FIB-4 were associated with increased risk of
mortality in patients with acute intracerebral hemorrhage.[15] To our knowledge, the association of liver
�brosis indices with HT after ischemic stroke has not been reported previously. In the present study, we
found that higher APRI was associated with increased risk of HT after ischemic stroke.

Because of an excessive concern over the bleeding risk after thrombolysis among stroke patients,
families and physicians[3], it is necessary for us to explore novel and effective biomarkers for HT. Liver
�brosis indices could signi�cantly improve the predictive power for HT beyond established traditional risk
factors (NRI: 17.3% for APRI, 21.6% for FIB-4, and 12.1% for NFS, respectively), suggesting that liver
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�brosis indices at baseline may be a potential biomarkers in the prediction of HT in patients with acute
ischemic stroke. Therefore, we speculated that liver �brosis indices might be useful in risk strati�cation of
HT after acute ischemic stroke and could help the selection of high-risk patients in clinical practice. If
patents have high APRI levels at admission, they may be at high risk of HT and should cautiously receive
therapies with bleed risks. Further studies are needed to justify our �ndings.

The possible explanations for the positive relationship between liver �brosis and the risk of HT could be
considered in several ways. There are common risk factors between liver �brosis and HT. Liver �brosis is
associated with atherosclerosis[23], diabetes[24], dyslipidemia[25] and arterial stiffness[26], which are
associated with HT[27, 28]. Moreover, liver �brosis is associated with in�ammation, oxidative stress and
endothelial dysfunction[29], which also participate in the occurrence and development of HT.[1, 30] In our
study, the association of liver �brosis with HT remained still signi�cant in multivariate analysis adjusting
for common potential confounders. Future investigation is warranted to explore underlying mechanism.

This study has several limitations that should be mentioned. First, because liver imaging or liver biopsy
data are not available in our study, we explored the association between three noninvasive liver �brosis
indices and HT. Therefore, these �ndings, to some extent, might not re�ect the real relationship between
liver �brosis and HT. However, these indices have been proved to have better predictive value for
identifying liver �brosis.[31, 32] Second, alcohol use is an important confounder for liver �brosis[33], but it
is di�cult to determine the accurate alcohol consumption in clinical practice. Therefore, we perform
subgroup analyses to explore potential interactions, but we could not �nd signi�cant interaction effect by
alcohol consumption. Third, we assessed the relationship between NFS and HT based on 1011 stroke
patients because body mass index was not available for other 1022 individuals, which may lead to the
potential selection bias.

Conclusions
Among patients with acute ischemic stroke, high APRI was associated with increased risks of HT,
suggesting that APRI might be a prognostic biomarker for HT after acute ischemic stroke. Further studies
are needed to validate our �ndings and to determine the underlying mechanisms.
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Table S2. Multivariate logistic regression analysis between liver �brosis indices and the secondary
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Figure 1

Multivariate adjusted odds ratios and 95% con�dence intervals of hemorrhagic transformation
associated with the Aspartate Aminotransferase - Platelet Ratio Index (APRI), the Fibrosis-4 score (FIB - 4),
and the Nonalcoholic Fatty Liver Disease Fibrosis Score (NFS). Odds ratios and 95% con�dence intervals
derived from restricted cubic spline regression, with knots placed at the 5th, 50th, and 95th percentiles of
the distribution of APRI, FIB - 4 and NFS. Odds ratios were adjusted for age, sex, atrial �brillation, baseline
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National Institutes of Health Stroke Scale score, smoking, drinking, systolic and diastolic blood pressure,
glucose, antiplatelets, thrombolysis, thrombectomy, lipid-lowering agents and the Trial of Org 10172 in
Acute Stroke Treatment classi�cation. (A) APRI. (B) FIB - 4. (C) NFS.

Figure 2

Strati�ed logistic regression analysis to identify variables that modify the relationship between APRI and
HT. Above model adjusted for age, sex, atrial �brillation, baseline National Institutes of Health Stroke
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Scale score, smoking, drinking, systolic and diastolic blood pressure, glucose, antiplatelets, lipid-lowering
agents reperfusion therapy (thrombolysis/ thrombectomy) and stroke subtype. In each case, the model is
not adjusted for the strati�cation variable. APRI, Aspartate Aminotransferase - Platelet Ratio Index; HT,
hemorrhagic transformation; NIHSS, National Institutes of Health Stroke Scale score;
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