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Background
Non-alcoholic fatty liver disease (NAFLD) is 
estimated to affect up to 25% of the global adult 
population.1 NAFLD is an independent risk fac-
tor for cardiovascular disease, type 2 diabetes 
mellitus, and chronic kidney disease.2 In patients 
with NAFLD, simple steatosis may progress to 
non-alcoholic steatohepatitis (NASH), with liver 

fibrosis, cirrhosis, and hepatocellular carcinoma. 
The stage of fibrosis is considered to be the most 
important determinant of cardiovascular disease 
and mortality in patients with NAFLD.3,4 Several 
non-invasive scores, including clinical informa-
tion and routine blood serum parameters, have 
been developed to estimate liver fibrosis with high 
sensitivity and specificity.4
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NAFLD and liver fibrosis have also been found to 
be specifically related to the risk of ischemic 
stroke.5–7 However, there is limited data on the 
clinical outcomes of stroke patients with liver 
fibrosis, aside from one single-center retrospec-
tive study indicating increased long-term mortal-
ity in stroke patients with significant liver fibrosis 
determined by transient elastography.8

In addition, a recent study in intracerebral hemor-
rhage reported positive liver fibrosis indices, i.e. the 
Fibrosis-4 index (FIB-4) and the Aspartate 
Aminotransferase (AST) to Platelet Ratio Index 
(APRI), to be associated with the size of hematoma 
at admission and its subsequent expansion.9 
Hemorrhagic transformation after recanalization 
(intravenous thrombolysis and/or mechanical 
thrombectomy) is a frequent complication and an 
independent predictor of poor outcome.10 Patients 
with liver fibrosis may be at a higher risk of both 
hemorrhagic transformation and symptomatic 
intracerebral hemorrhage; however, this has not yet 
been investigated in patients with large vessel occlu-
sion stroke.

Aims
Our goal was to investigate the effect of liver fibro-
sis (determined by non-invasive fibrosis tests 
based on simple clinical and laboratory parame-
ters) on the risk of intracranial hemorrhage, neu-
rological outcomes, and mortality at three-months 
poststroke in a cohort of consecutive patients with 
large vessel occlusion stroke treated with mechan-
ical thrombectomy.

Methods

Study cohort
We identified all consecutive patients with large 
vessel occlusion stroke in the anterior cerebral cir-
culation (internal carotid artery and/or proximal 
middle cerebral artery) treated at our center with 
mechanical thrombectomy between January 2011 
and April 2019. Mechanical thrombectomy was 
performed by interventional radiologists using 
stent retrievers and/or aspiration techniques. A 
clinical follow-up examination at our stroke out-
patient department three months post-stroke was 
scheduled for all patients; if a physical consulta-
tion was not possible, we performed a telephone 
interview. Three patients, for whom no follow-up 
data was available, were excluded from the study.

We excluded patients with severe liver disease 
(n = 3, all apparent liver cirrhosis). We did not 
exclude patients with chronic alcohol abuse to 
assure a coherent ‘real-world’ large vessel occlu-
sion stroke cohort. Clinical stroke-related data 
had been collected prospectively via our prospec-
tive thrombectomy registry.11 Laboratory data and 
information regarding liver disease were extracted 
from our electronic hospital information system.

Data assessment
Laboratory values were obtained on day 1 after 
mechanical thrombectomy, when a standardized 
laboratory assessment is performed at our center. 
For assessment of liver fibrosis, we primarily ana-
lysed the FIB-4 index, a well-validated and clini-
cally established liver fibrosis index.12,13 The 
cut-off value for prediction of advanced liver 
fibrosis (i.e., bridging fibrosis or cirrhosis) was 
used as established in current literature (⩾2.67). 
In addition, we analyzed the lower cut-off value of 
FIB-4 (<1.30), which excludes advanced liver 
fibrosis with a high probability.14,15

To broader analyze our data and confirm poten-
tial associations, we chose to investigate two addi-
tional liver fibrosis scores. These were the Forns 
index (cut-off > 6.9) and the Easy Liver Fibrosis 
Test (eLIFT; cut-off ⩾8).16,17 Respective formu-
las of these three scores are shown in Figure 1.

Outcome parameters
Functional outcomes were assessed by an experi-
enced stroke neurologist using the modified Rankin 
Scale (mRS). We dichotomized outcomes into 
favorable (mRS scores 0–2) or unfavorable (mRS 
scores 3–6). We also separately analyzed mortality 
at three months post-stroke. Postinterventional 
parenchymal hematoma and hemorrhagic infarc-
tion were defined according to the ECASS 
(European Cooperative Acute Stroke Study) crite-
ria.18 According to our institutional protocol, all 
patients underwent cerebral magnetic resonance 
imaging (MRI) or computed tomography (CT) 
24 hours after the endovascular procedure.

Statistical analysis
We performed statistical analysis using IBM 
SPSS Statistics for Windows, version 25 (IBM 
Corp, Armonk, NY, USA). The distribution of 
continuous variables was evaluated using the 
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Kolmogorov–Smirnov test and histograms. 
Normally distributed continuous variables were 
compared using the unpaired Student’s t-test; for 
other distributions, non-parametric tests such as 
the Mann-Whitney U-test were used. Categorical 
variables were investigated using Pearson’s chi-
square test. For the analyses of functional neuro-
logical outcomes and mortality, we used logistic 
regression to correct for all covariates which 
showed significant associations (p < 0.05) in uni-
variable analysis. We did not correct for age or 
sex, as these factors are included in the liver fibro-
sis indices used in this study. p-values of less than 
0.05 were considered statistically significant.

Ethical approval
The study was approved by the ethics committee of 
the Medical University of Graz (approval number 
27-045 ex 14/15); as a retrospective cohort study, 
the need for of informed consent was waived.

Results

Patient characteristics
The study cohort comprised 460 consecutive 
patients with a mean age of 69 years (50.7% 
male). The median NIHSS at admission was 15 
[interquartile range (IQR) 11–18] and 58% of 
patients were co-treated with intravenous throm-
bolysis. Successful recanalization (defined as 
thrombolysis in cerebral infarction scores of 2b-3) 
was achieved in 87.6% of cases. See Table 1 for 
clinical details including stroke risk factors, treat-
ment-related aspects, and laboratory results. 
Chronic alcohol abuse (defined as ⩾2 drinks or 
⩾20 g of ethanol at least 5 days per week)19 was 
documented in 5.7% of patients.

The combined rate of postinterventional hemor-
rhagic infarction or parenchymal hematoma was 
20.9%; symptomatic intracranial hemorrhage 
occurred in 3.0% of patients. At three months 
post-stroke, 57.6% of patients had an unfavorable 
outcome (mRS scores of 3–6), and 19.8% had 
died (Table 2).

Liver fibrosis indices
The FIB-4 index indicated advanced liver fibrosis 
in 104 (22.6%) of patients (Table 1). Patients 
with a positive FIB-4 index were older and more 
frequently had arterial hypertension. Notably, 

atrial fibrillation was more frequent in patients 
with positive liver fibrosis indices (p < 0.001). 
The rate of admitted alcohol abuse was not higher 
in patients with liver fibrosis. NIHSS at admis-
sion was slightly higher and symptom onset to 
groin puncture time slightly shorter in patients 
with a positive FIB-4 index. In contrast, vessel 
occlusion site, rates of thrombolysis, and success-
ful recanalization were not different in patients 
with or without positive liver fibrosis indices 
(Table 1).

Outcome parameters
There was no difference in risk for hemorrhagic 
infarction, parenchymal hematoma, or sympto-
matic intracranial hemorrhage between patients 
with or without FIB-4 scores indicating advanced 

Figure 1.  Formulas of the liver fibrosis tests used in this study.
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Table 1.  Clinical characteristics of study participants categorized by FIB-4 status.

Study cohort 
n = 460

FIB-4 positive 
n = 104 (22.6%)

FIB-4 negative 
n = 356 (77.4%)

p-value

Clinical data

  Age (years) 69.0 ± 13.4 77.0 ± 9.2 66.7 ± 13.5 <0.001

  Male sex 233 (50.7%) 52 (50.0%) 181 (50.8%) 0.88

  Arterial hypertension 322 (70.0%) 81 (77.9%) 241 (67.7%) 0.046

  Dyslipidemia 104 (22.6%) 23 (22.1%) 81 (22.8%) 0.89

  Chronic heart disease 92 (20.0%) 24 (23.1%) 68 (19.1%) 0.37

  Diabetes mellitus 77 (16.7%) 17 (16.3%) 60 (16.9%) 0.90

  Atrial fibrillation 192 (41.7%) 64 (61.5%) 128 (36.0%) <0.001

  Body mass index 27.2 ± 5.0 26.4 ± 4.7 27.4 ± 5.1 0.07

  Alcohol abuse 26 (5.7%) 3 (2.9%) 23 (6.5%) 0.17

  NIHSS at admission (median, IQR) 15 (11–18) 16 (12–19) 14 (11–17) 0.02

  MCA/M1-occlusion 296 (64.3%) 63 (60.6%) 233 (65.4%) 0.36

  MCA/M2-occlusion 59 (12.8%) 11 (10.6%) 48 (13.5%) 0.44

  Intracranial ICA occlusion 95 (20.7%) 28 (26.9%) 67 (18.8%) 0.07

Acute stroke treatment

  Intravenous thrombolysis 257 (58.3%) 52 (52.5%) 205 (59.9%) 0.19

 � Symptom onset to groin puncture (minutes) 
(median, IQR)

200 (159–247) 189 (151–227) 195 (160–250) 0.03

  Successful recanalization 403 (87.6%) 88 (84.6%) 315 (88.5%) 0.29

Laboratory parameters at admission

  Platelet count (109/l) 205 ± 67 155 ± 41 220 ± 65 <0.001

  International normalized ratio 1.17 ± 0.28 1.31 ± 0.43 1.13 ± 0.21 <0.001

  Activated partial thromboplastin time (sec) 33.6 ± 12.4 36.5 ± 13.1 32.7 ± 12.0 <0.001

  Aspartate transaminase (U/l) 26.3 ± 20.7 38.4 ± 36.7 22.8 ± 10.3 <0.001

  Alanine transaminase (U/l) 23.1 ± 21.4 23.2 ± 22.9 23.1 ± 20.9 0.96

  Gamma glutamyl transferase (U/l) 46.2 ± 53.7 53.4 ± 55.4 44.1 ± 53.1 0.13

  Bilirubin (mg/dl) 0.65 ± 0.37 0.76 ± 0.41 0.62 ± 0.35 <0.001

  Low-density lipoprotein (mg/dl) 87.9 ± 32.0 84.7 ± 31.9 88.8 ± 32.1 0.29

  C-reactive protein (mg/l) 17.9 ± 21.6 20.5 ± 22.0 17.1 ± 21.5 0.17

FIB-4, Fibrosis-4; ICA, Internal carotid artery IQR, interquartile range; MCA, Middle cerebral artery; mRS, modified Rankin Scale; NIHSS, National 
Institutes of Health Stroke Scale. 
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liver fibrosis (Table 2). However, patients with a 
positive FIB-4 score had a significantly higher 
mortality and higher rate of unfavorable outcomes 
(mRS 3–6) at three months. This relationship 
remained significant after correction for covari-
ates which showed significant associations with 
outcome in univariable analysis (Table 3). FIB-4 
index score was independently associated with 
unfavorable outcome [odds ratio (OR) 2.15, 95% 
confidence interval (CI) 1.21–3.83, p = 0.009] 
and mortality (OR 2.16, CI 1.16–4.03, p = 0.01) 
three months post-stroke (Table 2). The associa-
tion between outcomes at three months post-
stroke and FIB-4 scores is visualized in Figure 2.

When analyzing patients below the lower cut-off 
value of the FIB-4 index (⩽1.30) in order to 
exclude significant liver fibrosis with high proba-
bility, we found that those 122 patients (26.5%) 
more frequently had favorable neurological 

outcomes three months post-stroke (mRS scores 
of 0–2 in 57.4% versus 37.0%, p < 0.001) and a 
decreased mortality rate (10.7% versus 23.1%, 
p < 0.003). However, after correction for all out-
come-relevant co-factors (Table 3), the lower 
cut-off of the FIB-4 index was no longer signifi-
cantly associated with favorable outcomes 
(p = 0.15) or a decreased mortality rate (p = 0.13).

Additional liver fibrosis indices
When also investigating the Forns index and the 
eLIFT scores, we found that, while indicating 
larger proportions of patients with liver fibrosis in 
our study cohort (38.0% and 58.9%, respectively, 
compared to 22.6% using the FIB-4 index), they 
yielded similar associations with outcomes and 
atrial fibrillation. The Forns index and eLIFT 
scores were significantly associated with unfa-
vorable neurological outcomes and mortality 

Table 2.  Outcome data categorized by liver fibrosis indices.

Study cohort 
n = 460

FIB-4 positive 
n = 104 (22.6%)

p-value# Forns positive 
n = 175 (38.0%)

p-value# eLIFT positive 
n = 271 (58.9%)

p-value#

Intracerebral hemorrhage

 � Symptomatic intracranial 
hemorrhage

14 (3.0%) 3 (2.9%) 0.92 5 (2.9%) 0.83 11 (4.1%) 0.13

  Hemorrhagic infarction 69 (15.0%) 16 (15.4%) 0.90 25 (14.3%) 0.74 39 (14.4%) 0.74

  Parenchymal hemorrhage 27 (5.9%) 7 (6.7%) 0.67 10 (5.7%) 0.87 18 (6.6%) 0.41

Clinical outcomes

 � mRS 0–2 three months 
post-stroke

195 (42.4%) 28 (26.9%) <0.001 56 (32.0%) <0.001 93 (34.3%) <0.001

 � mRS 3–6 three months 
post-stroke

265 (57.6%) 76 (73.1%) <0.001 119 (68.0%) <0.001 178 (65.7%) <0.001

 � Mortality three months 
post-stroke

91 (19.8%) 34 (32.7%) <0.001 51 (29.1%) <0.001 67 (24.7%) 0.002

Clinical outcomes corrected 
for covariates*

OR (95% CI) p-value# OR (95% CI) p-value# OR (95% CI) p-value#

 � mRS 0–2 three months 
post-stroke

0.46 (0.26–0.83) 0.009 0.60 (0.37–0.99) 0.04 0.56 (0.35–0.89) 0.01

 � mRS 3–6 three months 
post-stroke

2.15 (1.21–3.83) 0.009 1.66 (1.01–2.73) 0.04 1.80 (1.12–2.88) 0.01

 � Mortality three months 
post-stroke

2.16 (1.16–4.03) 0.01 2.11 (1.15–3.88) 0.01 1.46 (0.78–2.75) 0.24

*Corrected for arterial hypertension, chronic heart disease, diabetes, atrial fibrillation, body mass index, alcohol abuse, NIHSS at admission, 
occlusion site and successful recanalization.
#Compared to patients with respective negative liver fibrosis indices.
CI, confidence interval; eLIFT, easy liver fibrosis test; FIB-4, Fibrosis-4; mRS, modified Rankin Scale; OR, odd’s ratio. 

https://journals.sagepub.com/home/tan


Therapeutic Advances in Neurological Disorders 14

6	 journals.sagepub.com/home/tan

three months post-stroke, both in univariable 
analysis and after correction of important co-fac-
tors (Table 2). Similar to the FIB-4, no associa-
tions regarding hemorrhagic infarction or 
parenchymal hematoma were observed. Both the 
Forns index and the Elift scores were also associ-
ated with atrial fibrillation (p < 0.001). The three 
indices were strongly intercorrelated (p < 0.001 
for each two indices compared).

Discussion
Our study demonstrates that clinically inapparent 
advanced liver fibrosis, determined by simple 
non-invasive indices, predicts poor functional 

neurological outcomes and mortality at three 
months post-stroke in a cohort of consecutive 
patients with anterior circulation large vessel 
occlusion stroke. Here, we primarily analyzed the 
FIB-4 index, a clinically well-established, non-
invasive liver fibrosis score, which was recently 
recommended by the American Association for 
the Study of Liver Diseases as a screening tool in 
patients with type 2 diabetes mellitus.13 The 
FIB-4 index is easy to use, and, as a combination 
of widely available routine clinical and laboratory 
parameters, causes no additional costs. It should 
be noted that two other applied scores in our 
study have also shown good predictive values for 
advanced liver fibrosis.16,17

Table 3.  Baseline clinical data categorized by neurological outcome three months poststroke.

Study cohort 
n = 460

mRS 0–2 n = 195 
(42.4%)

mRS 3–6 n = 265 
(57.6%)

p-value

Clinical data

  Age (years) 69.0 ± 13.4 72.4 ± 12.2 64.4 ± 13.5 <0.001

  Male sex 233 (50.7%) 104 (53.3%) 129 (48.7%) 0.32

  Arterial hypertension 322 (70.0%) 111 (56.9%) 211 (79.6%) <0.001

  Dyslipidemia 104 (22.6%) 41 (21.0%) 63 (23.8%) 0.49

  Chronic heart disease 92 (20.0%) 29 (14.9%) 63 (23.8%) 0.02

  Diabetes mellitus 77 (16.7%) 21 (10.8%) 56 (21.1%) 0.003

  Atrial fibrillation 192 (41.7%) 64 (32.8%) 128 (48.3%) 0.001

  Body mass index 27.2 ± 5.0 26.4 ± 4.5 27.8 ± 5.3 0.007

  Alcohol abuse 26 (5.7%) 16 (8.2%) 10 (3.8%) 0.04

  NIHSS at admission (median, IQR) 15 (11–18) 13 (10–16) 16 (14–19) <0.001

  MCA/M1-occlusion 296 (64.3%) 127 (65.1%) 169 (63.8%) 0.76

  MCA/M2-occlusion 59 (12.8%) 33 (16.9%) 26 (9.8%) 0.02

  Intracranial ICA occlusion 95 (20.7%) 31 (15.9%) 64 (24.2%) 0.03

Acute stroke treatment

  Intravenous thrombolysis 257 (58.3%) 119 (63.0%) 138 (54.8%) 0.08

 � Symptom onset to groin puncture (minutes, 
median, IQR)

200 (159–247) 200 (159–244) 200 (160–254) 0.89

  Successful recanalization 403 (87.6%) 189 (96.9%) 214 (80.8%) <0.001

ICA, Internal carotid artery; IQR, interquartile range; MCA, Middle cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health 
Stroke Scale. 
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To date, clinical outcomes in stroke patients 
regarding NAFLD have only been investigated 
scarcely. A Korean single-center study found that 
among patients with ischemic stroke or transient 
ischemic attack, long-term mortality was 
increased in patients with significant liver fibrosis 
evaluated by transient elastography.8 Another 
recent study from the same center found an 
increased risk of recurrent stroke and mortality in 
a large cohort of ischemic stroke and transient 
ischemic attack patients evaluated by the FIB-4 
index.20 Although direct comparison with our 
results is challenging due to differences in the 
severity of stroke, risk factors, ethnicity, and dif-
ferent indicators of liver fibrosis used, these two 
studies support our finding of an increased mor-
tality post-stroke.

It should be noted that patients with positive liver 
fibrosis indices had an increased rate of atrial fibril-
lation, which in turn could explain the higher 
stroke recurrence risk found in the previously 
described Korean studies. In line with our results, 
prior studies have identified higher rates of atrial 
fibrillation among patients with NAFLD;21 

however, this relationship has not yet been shown 
in patients with stroke. Therefore, screening for 
atrial fibrillation is of even higher importance in 
patients with NAFLD, and especially in those with 
positive liver fibrosis indices both in terms of pri-
mary and secondary prevention of ischemic stroke.

Apart from the higher rate of atrial fibrillation, a 
number of other factors may be responsible for 
the worse outcome of patients with liver fibrosis 
in our study. These could include increased sys-
temic inflammation,22 hypercoagulable state,23 
and endothelial dysfunction,24 all of which are 
associated with liver fibrosis.25 In addition, 
NAFLD has been associated with increased 
carotid intimal medial thickness and an increased 
prevalence of carotid plaques.26 Remodeling of 
the left ventricle27 with thromboembolic potential 
is another known potential consequence of liver 
fibrosis. All those factors may contribute to an 
increased risk of recurrent stroke, other cardio-
vascular events, and vascular death. A large, com-
munity-based cohort study also found a higher 
risk for ischemic stroke in participants with ele-
vated liver enzymes.28 It is important to recognise 

Figure 2.  Boxplot of Fibrosis-4 index and clinical outcomes at three months post-stroke.
Red lines depicting the established upper (2.67) and lower (1.30) cut-off values for inclusion and exclusion of liver fibrosis, respectively. Black line 
depicting the median value, blue boxes showing the 25th and 75th percentiles.
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that the predictive value of positive fibrosis indi-
ces for post-stroke outcomes was independent 
from the presence of arterial hypertension, diabe-
tes mellitus, or body mass index (i.e., components 
of the metabolic syndrome).

We found no difference regarding postinterven-
tional intracerebral hemorrhage between patients 
with and without positive liver fibrosis indices. 
Such a potential association has not yet been 
investigated in previous studies in ischemic stroke 
patients; however, a recent study found that posi-
tive liver fibrosis indices, including the FIB-4 
index, were associated with hematoma volume, 
hematoma expansion, and mortality in patients 
with primary intracerebral hemorrhage.9 While 
functional outcomes were worse in our patients 
with positive liver fibrosis indices, it is important 
to note that the most serious thrombectomy-
related complication was not more frequent in 
these patients.

Here we primarily evaluated the well-established 
FIB-4 index as our main liver fibrosis index, as it is 
easily calculated and already broadly established. 
When confirming the associations found using the 
FIB-4 index with two other liver fibrosis indices 
(the Forns index and eLIFT), we found compara-
ble results with regards to the association with clin-
ical outcomes and atrial fibrillation. As the FIB-4 
index is the most established liver fibrosis index in 
clinical practice, we would recommend its primary 
usage, although further research regarding the pre-
dictive value of different liver fibrosis indices in the 
setting of cerebrovascular disease would be of 
interest. We chose not to investigate the rather 
crude AST/alanine aminotransferase (ALT) ratio 
or the APRI as the sensitivity and specificity of 
those fibrosis indices is lower compared to the 
indices applied in our study.4,17

An important limitation of our work is the single-
center design and the specific stroke population 
studied (i.e., large vessel occlusion stroke). This 
makes generalization of our results less reliable. 
In addition, we were not able to investigate other 
liver fibrosis indices such as the NAFLD Fibrosis 
Score because albumin levels were not routinely 
available in our study cohort. However, given the 
robust results of all three applied liver fibrosis 
tests, it seems unlikely that the analysis of addi-
tional scores would have yielded diverging results. 
Unfortunately, transient elastography was not 
available in this retrospective study.

To summarize, we showed that patients with pos-
itive indices of advanced liver fibrosis had worse 
clinical outcomes three months poststroke and 
more frequently atrial fibrillation, while their risk 
of postinterventional intracerebral hemorrhage 
was not increased. Further studies should investi-
gate long-term outcomes in stroke patients, 
including the recurrence of cerebrovascular 
events, using both liver fibrosis indices and tran-
sient elastography in a prospective and multi-
center setting.
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