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6]. An increasing number of researchers believe that 
global brain health may also influence recovery [7], as 
the recovery process after stroke involves the re-opti-
mization of cellular, structural, and vascular functions 
throughout the brain, while maintaining their integrity 
[8]. General prestroke features, including white matter 
hyperintensity (WMH), cerebral atrophy, and old infarct 
lesions, have been independently associated with poor 
outcome and may represent markers of brain frailty [9–
12]. Brain frailty is usually conceptualized as the prod-
uct of physiological changes associated with aging and 

Introduction
In patients with stroke, many clinical and imaging fea-
tures are associated with long-term outcome [1–3], mak-
ing it challenging to accurately predict outcome [4]. The 
absence of small vessel changes and presence of larger 
brain volumes are imaging markers of brain health [5, 
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Abstract
Objective  To investigate the factors associated with brain frailty and the effect of brain frailty in patients with anterior 
circulation large artery occlusion (AC-LAO).

Methods  1100 patients with AC-LVO consecutively admitted to the Second Hospital of Hebei Medical University, 
North China between June 2016 and April 2018 were retrospectively analyzed. The variables associated with brain 
frailty and stroke outcome were analyzed by ANOVA analysis, the Mann-Whitney U test and multiple linear regression. 
Based on previous research. Brain frailty score comprises 1 point each for white matter hyperintensity (WMH), old 
infarction lesions, and cerebral atrophy among 983 participants with baseline brain magnetic resonance imaging or 
computed tomography.

Results  Among AC-LAO participants, baseline brain frailty score ≥ 1 was common (750/983, 76.3%). Duration of 
hypertension > 5 years (mean difference [MD] 0.236, 95% CI 0.077, 0.395, p = 0.004), multiple vessel occlusion (MD 
0.339, 95% CI 0.068, 0.611, p = 0.014) and basal ganglia infarction (MD -0.308, 95% CI -0.456, -0.160, p < 0.001) were 
independently associated with brain frailty score. Brain frailty score was independently associated with stroke events, 
and higher brain frailty scores were associated with higher rates of stroke events (p < 0.001). However, brain frailty has 
no independent effect on short-term outcome of ACI in AC-LAO patients.

Conclusions  In AC-LAO patients, older age, duration of hypertension > 5 years, and multiple vessel occlusion 
influenced the brain frailty score. Brain frailty score was independently associated with the occurrence of stroke 
events in AC-LAO patients.
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the accumulation of multimorbidity of underlying brain 
pathology in patients presenting within the typical stroke 
age bracket [13]. This causes a loss of resilience to acute 
disease that may result from both disease and extrinsic 
stressors.

Anterior circulation large artery occlusion (AC-LAO) 
is the most common cause of ischemic stroke and that 
is strongly associated with prognosis [14]. It differs from 
the expected imaging markers of brain frailty mainly in 
patients with small vessel disease (SVD), some studies 
have suggested that patients with intracranial arterial 
stenosis (ICAS) may be particularly prone to coexisting 
SVD, which may affect outcomes in patients with ICAS 
[15–18]. However, there is a lack of data that compares 
with general patients to determine whether the factors 
influencing brain frailty in patients with large artery 
occlusion are different, and what impact brain frailty has 
on the prognosis of patients with large artery occlusion.

The aims of the present analysis were to assess the fac-
tors that influence brain frailty in patients with AC-LAO, 
and to explore the association between brain frailty and 
the incidence of cerebrovascular disease and outcome of 
ACI in AC-LAO patients.

Methods
Patients
Details of the study protocol, baseline characteristics, 
and main results have been published previously [19, 20]. 
In summary, we retrospectively analyzed 1100 patients 
with AC-LAO who were consecutively hospitalized at 
the Second Hospital of Hebei Medical University, North 
China, between June 2016 and April 2018. These patients 

presented with complete occlusion of at least one unilat-
eral intracranial internal carotid artery (ICA) or middle 
cerebral artery (MCA) based on computed tomography 
angiography (CTA) or magnetic resonance angiogra-
phy (MRA). Computed tomography (CT) or magnetic 
resonance imaging fluid-attenuated inversion recovery 
(MRI-FLAIR) and MRI-T2 data were obtained from 983 
patients at baseline. Stroke events were defined as this 
hospitalization and all previous symptomatic strokes. 
Most patients had 1 stroke event (546, 55.5%), followed 
by 0 (190, 19.3%), 2 (189, 19.2%), 3 (26, 2.6%), 4 (22, 
2.2%), > 5 (8, 0.8%), and 5 (2, 0.2%), of which 645 had 
ACI. Patients or relatives/caregivers provided informed 
consent, and the study protocol was approved by the 
Research Ethics Committee of the Second Hospital of 
Hebei Medical University (approval No.2018-P403).

Brain frailty score
CT or MRI readings were performed independently by 
two neuroradiology specialists who assessed and docu-
mented the location and shape of any acute ischemia 
and the presence of pre-stroke changes, including atro-
phy, white matter hyperintensity (WMH), and old infarct 
lesions. Atrophy was scored according to a standard 
template, defined as 0 = absent, 1 = moderate or severe 
[21, 22]. We assessed the degree of brain atrophy in 
both the cortical and central regions; as long as any part 
of the brain is atrophy, the score is 1. WMH was scored 
separately in anterior and posterior brain regions and 
periventricular and deep white matter, defined as 0 = no 
lucency, 1 = lucency restricted to regions adjacent to 
the ventricles, or covering the entire region from lateral 
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ventricle to cortex [23]. Old vascular lesions/infarcts 
were classified by location (e.g., cortical, striatocapsular, 
border zone, lacunar), and 0 = no old vascular lesions/
infarcts or 1 = old vascular lesions/infarcts in any loca-
tion. According to two recent studies of brain frailty 
[9, 10], a 3-point score was used to assess brain frailty, 
including 1 point for WMH, 1 point for atrophy, and 1 
point for any chronic infarct or vascular lesion.

Statistical analysis
Statistical analyses were performed with SPSS 25.0 (IBM, 
Corp. Armonk, NY). Continuous variables were pre-
sented as mean (SD) or median (interquartile range) and 
compared by 1-way ANOVA analysis or Mann-Whitney 
U test. Categorical variables were presented as percent-
ages and compared with the χ2 test. Candidate risk fac-
tors for multivariable analysis were those with p < 0.10 
in the bivariate analyses described above. Extreme val-
ues (more than 3 standard deviations) were removed 
before the analysis of continuous variables. Associa-
tions between baseline data and brain frailty score were 
assessed by multiple linear regression, as the condi-
tions for ordinal regression were not met. The associa-
tion between imaging markers of brain frailty and stroke 
events was analysed by ordinary multiple regression. 
Regression analysis was performed on certain variables 
based on univariate analysis, clinical experience, and 
previous literature results, including age, sex, medical 
history, baseline NIHSS score, blood lipids and homocys-
teine, infarct shape and location, occluded vessels, and 
complications. Results are reported as odds ratios (OR) 
or mean differences (MD) and 95% confidence intervals 
(CI) or standardized regression coefficients (𝛃), with sig-
nificance defined as p ≤ 0.05.

Results
Of the 1100 participants in the AC-LVO cohort, 983 
underwent brain imaging (250 brain CT scans and 733 
brain MRI scans) at the Second Hospital of Hebei Medi-
cal University. Baseline characteristics of the participants 
were shown in Table  1. The median age of the patients 
was 62 years (age range: 10–96). There were 667 men 
(67.9%) and 316 women (32.1%). The most common med-
ical history was hypertension (65.4%), of which 65.0% had 
been present for more than 5 years, followed by history 
of stroke (37.1%), smoking (35.0%) and hyperlipidemia 
(32.0%). Among the 983 patients, the median number 
of stroke events was 1 (categorized as 0, 1, 2, 3, 4, 5, and 
> 5), and 645 (65.6%) had ACI, whose infarct locations 
and morphology, hospital complications, NIHSS and 
mRS scores at admission and discharge were recorded 
in detail. Among them, the NIHSS scores of 0–4, 5–20, 
and ≥ 21 were 263 (40.8%), 341 (52.9%), and 41 (6.4%), 
respectively. According to the location of the occluded 

vessels, patients were divided into the MCA occlusion 
group (53.2%), the ICA occlusion group (29.4%) and the 
MCA + ICA occlusion group (17.4%). Multi-vessel occlu-
sion in the patients (n = 246, 25.0%) was also recorded, as 
well as the number of patients with concomitant anterior 
cerebral artery (ACA) occlusion (21.3%) and posterior 
circulation (PC) occlusion (20.1%). Table  1 also shows 
that brain frailty is associated with the most factors, 
including age, duration of hypertension, smoking, history 
of previous stroke, multiple vessel occlusion, coronary 
heart disease, atrial fibrillation, low-density lipoprotein 
cholesterol (LDL-C), apolipoprotein B (ApoB), location 
of occluded vessels, and PC occlusion.

The factors in Table  1 associated with brain frailty 
score (p < 0.10) were included in multiple linear regres-
sion analysis (Table 2). Age (MD 0.371, 𝛃 0.37, p < 0.001), 
duration of hypertension (MD 0.236, 95%CI 0.077, 0.395, 
p = 0.004), and multiple vessel occlusion (MD 0.339, 
95%CI 0.068, 0.611, p = 0.014) were independent fac-
tors. Meanwhile, univariate and multivariate analyses of 
factors associated with WMH, cerebral atrophy, and old 
lesions were performed (see appendix).

Brain frailty score was associated with stroke events by 
ordinary multiple logistic regression analysis, and higher 
brain frailty score was associated with higher risk of 
stroke [brain frailty = 1 OR 2.29 (95% CI 1.58, 3.33), brain 
frailty = 2 OR 3.11 (95% CI 2.07, 4.68), brain frailty = 3 
OR 3.81 (95% CI 2.46, 5.89)] (Table  3). In univariate 
analysis, brain frailty score was associated with mRS at 
discharge in ACI patients (p = 0.004), but was not inde-
pendently correlated in multivariate regression analysis 
(see appendix).

Discussion
This study provides a large cohort to determine the influ-
ence of brain frailty on outcomes in patients with AC-
LAO. Age, multiple vessel occlusion, and duration of 
hypertension affect the brain health in AC-LAO. Brain 
frailty is a risk factor for stroke events in AC-LAO.

Previous studies have shown that brain frailty is asso-
ciated with outcomes after acute ischemic stroke [10], 
which is stronger in lacunar infarcts [9]. However, there 
is limited data on the influencing factors and prognostic 
effects of brain frailty in patients with large artery ste-
nosis/occlusion. Hypertension is a common risk factor 
for atherosclerosis and is also the most common cause 
of cerebral small vessel disease [24]. However, this study 
differs from previous ones in that it includes three vari-
ables: hypertension, hypertension grade, and hyper-
tension duration. There variables were all found to be 
correlated with outcome variables in univariate analysis. 
In multivariate analysis, only duration of hypertension > 5 
years was found to be independently associated with the 
brain frailty. This may reflect the long-term cumulative 
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Table 1  Demographic and clinical characteristics of study population according to brain frailty score
Variables Total

N = 983
Brain frailty score P Value
0, N = 233 1, N = 338 2, N = 236 3, N = 176

Age, y, median (IQR) 62 (14) 55 (17) 59.5 (14) 64 (12) 68.5 (11) < 0.001
Age categories < 0.001

≤ 55 316 (32.1) 118 (50.6) 131 (38.8) 56 (23.7) 11 (6.3)
56∼65 334 (34.0) 69 (29.6) 124 (36.7) 93 (39.4) 48 (27.3)
> 66 333 (33.9) 46 (19.7) 83 (24.6) 87 (36.9) 117 (66.5)

Male, n (%) 667 (67.9) 159 (68.2) 223 (66.0) 159 (67.4) 126 (71.6) 0.634
Smoking, current, n (%) 344 (35.0) 100 (42.9) 119 (35.2) 71 (30.5) 53 (30.1) 0.016
Drinking, current, n (%) 279 (28.4) 75 (32.2) 96 (28.4) 62 (26.6) 45 (25.6) 0.439
Hypertension, n (%) 643 (65.4) 135 (57.9) 214 (63.3) 161 (68.2) 133 (75.6) 0.002
Duration of hypertension > 5y, n (%) 418 (42.5) 67 (28.8) 132 (39.1) 118 (50.0) 101 (57.4) < 0.001
Diabetes mellitus, n (%) 251 (25.5) 42 (18.0) 95 (28.1) 60 (25.4) 54 (30.7) 0.014
Diabetes mellitus time > 5y, n (%) 110 (11.2) 15 (6.4) 43 (12.7) 29 (12.3) 23 (13.1) 0.040
coronary heart disease, n (%) 150 (15.3) 22 (9.4) 50 (14.8) 41 (17.4) 37 (21.0) 0.009
Atrial fibrillation, n (%) 55 (5.6) 5 (2.1) 15 (4.4) 22 (9.3) 13 (7.4) 0.004
Prior TIA, n (%) 67 (6.8) 17 (7.3) 25 (7.4) 12 (5.1) 13 (7.4) 0.690
Prior stroke, n (%) 365 (37.1) 7 (3.0) 123 (36.4) 132 (55.9) 103 (58.5) < 0.001
Hyperlipidemia, n (%) 315 (32.0) 91 (39.1) 102 (30.2) 73 (30.9) 49 (27.8) 0.061
LDL-C, mmol/L, median (IQR) 2.40 (1.15) 2.67 (1.13) 2.33 (1.17) 2.26 (1.11) 2.35 (0.96) 0.004
ApoA1, g/L, median (IQR) 1.13 (0.27) 1.13 (0.31) 1.13 (0.26) 1.13 (0.26) 1.13 (0.27) 0.984
ApoB, g/L, median (IQR) 0.95 (0.31) 0.96 (0.31) 0.95 (0.33) 0.95 (0.35) 0.93 (0.31) 0.018
HCY, umol/L, median (IQR) 16.0 (9.7) 16.2 (10.6) 15.86 (9.10) 16.0 (8.4) 16.0 (9.9) 0.382
occluded vessels position 0.009

MCA occlusion 523 (53.2) 129 (55.4) 190 (56.2) 116 (49.2) 88 (50.0)
ICA occlusion 289 (29.4) 75 (32.2) 97 (28.7) 65 (27.5) 52 (29.5)
MCA + ICA occlusion 171 (17.4) 29 (12.4) 51 (15.1) 55 (23.3) 36 (20.5)

multiple vessel occlusion, n (%) 246 (25.0) 40 (17.2) 80 (23.7) 71 (30.1) 55 (31.3) 0.002
ACA occlusion, n (%) 209 (21.3) 41 (17.6) 74 (21.9) 52 (22.0) 42 (23.9) 0.137
PC occlusion, n (%) 198 (20.1) 31 (13.3) 65 (19.2) 62 (26.3) 40 (22.9) 0.004
Stroke events, median (IQR) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) < 0.001
ACI, n (%) 645 (65.6) 168 (72.1) 224 (66.3) 140 (59.3) 113 (64.2) 0.033
Frontal lobe infarction, n (%) 362 (36.8) 104 (44.6) 115 (34.0) 84 (35.6) 59 (33.5) 0.042
temporal lobe infarction, n (%) 299 (30.4) 92 (39.5) 90 (26.6) 71 (30.1) 46 (26.1) 0.005
parietal infarction, n (%) 349 (35.5) 102 (43.8) 109 (32.2) 81 (34.3) 57 (32.4) 0.024
basal ganglia infarction, n (%) 320 (32.6) 103 (44.2) 105 (31.1) 72 (30.5) 40 (22.7) < 0.001
Posterior circulation infarction, n (%) 151 (15.4) 39 (16.8) 52 (15.4) 34 (14.4) 26 (14.8) 0.900
The shape of the lesion in the occluded vessel 0.001

No lesions or scattered 190 (19.3) 52 (22.3) 73 (21.6) 37 (15.7) 28 (15.9)
Patchy 603 (61.3) 121 (51.9) 207 (61.2) 154 (65.3) 121 (68.8)
Large flakes 190 (19.3) 60 (25.8) 58 (17.2) 45 (19.1) 27 (15.3)

Complication, n (%) 167 (17.0) 36 (15.5) 44 (13.0) 47 (19.9) 40 (22.7) 0.013
pneumonia, n (%) 108 (11) 20 (8.6) 27 (8.0) 33 (14.0) 28 (15.9) 0.012
hypoalbuminemia, n (%) 28 (2.8) 5 (2.1) 5 (1.5) 9 (3.8) 9 (5.1) 0.030
NIHSS score on admission, median (IQR) 4 (7) 4 (9) 3 (7) 4 (9) 4.5 (7) 0.037
NIHSS score at discharge, median (IQR) 3 (8) 3 (8) 2 (6) 4 (8) 4 (7) 0.007
mRS score on admission, median (IQR) 2 (3) 2 (3) 2 (3) 2 (3) 2 (3) 0.062
mRS score at discharge, median (IQR) 2 (3) 2 (3) 2 (2) 2.5 (3) 2 (3) 0.004
Abbreviations: WMH = white matter hyperintensity; IQR = interquartile range; LDL-C = Low density lipoprotein cholesterol; ApoA1 = apolipoprotein A1; ApoB, 
= apolipoprotein B; HCY = homocysteine; MCA = middle cerebral artery; ICA = internal carotid artery; ACA = Anterior cerebral artery; PC = Posterior circulation; 
ACI = acute cerebral infarction
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exposure of hypertension more accurately. A 2019 study 
in a group aged > 60 years showed that both midlife and 
current hypertension were risk factors for WMH pro-
gression [25], also highlighting the effect of duration of 
hypertension. We also found that the severity of cerebral 
arteriosclerosis is associated with brain frailty, which has 
not been previously reported. However, arteriosclerosis 
is associated with white matter disease, brain atrophy and 
lacunar infarction [26–28].

Our results suggest that brain frailty is independently 
associated with stroke events, and the causes may be 
multiple. First, imaging changes such as WMH and old 
lesions are also characteristic of CSVD, are also common 
in patients with large artery stenosis/occlusion, and are 
poor prognostic factors in patients with acute ischemic 
stroke [29–31] and are related to cerebral perfusion [32]. 
Second, previous studies have shown that patients with 
symptomatic intracranial artery stenosis are more likely 
to have stroke events than asymptomatic patients, and 
patients with more collateral circulation have a lower risk 
of stroke [33, 34], which indirectly supports our findings 
that multiple vessel occlusion was independently associ-
ated with brain frailty, which in turn was independently 
associated with the occurrence of stroke events. These 
results suggest that brain frailty may serve as a marker of 
inadequate collateral compensation of the cerebral cir-
culation in AC-LAO patients [35]. In the future, we will 

compare the correlation between brain frailty and the 
degree of collateral circulation assessed by CTA or DSA, 
evaluate the feasibility of using cerebral frailty to predict 
collateral circulation, and provide a simpler and more 
feasible method for the vascular evaluation of future 
patients with arterial occlusion.

In our results, brain frailty was not independently asso-
ciated with short-term outcomes in patients with ACI. 
Previous studies have shown that brain frailty is inde-
pendently associated with the long-term outcomes in 
stroke patients, especially in patients with mild stroke [9]. 
There are two main reasons for this discrepancy: First, 
the patients we included were all AC-LAO, with larger 
infarct size and more severe symptoms. Early reperfu-
sion is the key to good short-term recovery, so the effects 
of brain frailty are easily masked [36]. Second, this study 
did not analyze the effect of brain frailty on the long-term 
prognosis of patients with ACI. Brain frailty is an indica-
tor of brain health and brain reserve, which may affect 
patients in later recovery [37]. In the future, we will con-
tinue to follow patients and investigate the relationship 
between brain frailty and long-term outcome of ACI in 
AC patients.

There are some limitations to this paper. First, this is 
a retrospective study with limited data content. Second, 
10.6% of patients did not have baseline head CT or MRI 
and baseline brain frailty scores could not be obtained. 
Additionally, 25.4% of our patients only had baseline CT 
examinations, which limits the evaluation of brain frailty 
characteristics and interpretation of outcomes. Further-
more, long-term follow-up records of patient outcomes 
were not available to investigate the impact of brain 
frailty on outcomes in patients with AC-LAO.

This study is the first to include AC-LAO patients with 
brain frailty and assess the factors that influence brain 
frailty in AC-LAO patients, as well as the effect of brain 
frailty on stroke events. The results indicate that AC-LAO 
patients with old age, hypertension lasting > 5 years, and 
multiple vessel occlusion are significantly related to the 
occurrence of brain frailty. Furthermore, brain frailty is 
independently associated with the stroke events. Patients 
with AC-LAO combined with brain frailty should be 
treated more aggressively, and require more intensive fol-
low-up. In future studies, we will further investigate the 
relationship between brain frailty and collateral circula-
tion in patients with large artery stenosis/occlusion and 
the impact on the long-term patient prognosis.
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Table 2  Multiple linear regression of variables and brain frailty 
score

n (%) multiple linear regression
MD (95%CI) 𝛃 p value

Age, median (IQR)a 62 (14) 0.371 < 0.001
multiple vessel 
occlusion

246 (25.0) 0.339 (0.068, 0.611) 0.014

Hypertension time (> 5y) 418 (42.5) 0.236 (0.077, 0.395) 0.004
basal ganglia infarction 320 (32.6) -0.308 (-0.456, -0.160) < 0.001
Abbreviations: MD = mean difference; IQR = interquartile range; a Standardized 
regression coefficient reported

Table 3  Ordinal multiple regression analysis associated with 
stroke events

n (%) logistic regression
OR (95%CI) p value

n 819
Diabetes mellitus 219(26.7) 2.25 (1.29, 3.92) 0.004
HCY, median (IQR) 16 (9.70) 1.01 (1.00, 1.02) 0.047
ACA occlusion 178 (21.7) 1.48 (1.05, 2.07) 0.02
Brain frailty score < 0.001
0 191 (23.3) 1
1 280 (34.2) 2.29 (1.58, 3.33) < 0.001
2 195 (23.8) 3.11 (2.07, 4.68) < 0.001
3 153 (18.7) 3.81 (2.46, 5.89) < 0.001
Abbreviations: OR = odds ratio; CI = confidence interval; IQR = interquartile 
range; HCY = homocysteine; ACA = Anterior cerebral artery
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