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Pre-stroke physical activity is related to
good functional outcomes in stroke patients
after endovascular thrombectomy.
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Abstract. Studies have shown that regular physical activity (PA) may re-
duce the risk of stroke. Nevertheless, the protective effect of pre-stroke PA on
the post-stroke functional status in patients treated with endovascular throm-
bectomy (EVT) is still uncertain. For this study, hospitalized patients with acute
ischemic stroke were selected, all of whom underwent EVT after occlusion of
the large vessels in the anterior circulation. The PA levels before the stroke were
assessed by the International Physical Activity Questionnaire, and the outcome
indicators (the modified Rankin scale score and the Barthel index) were evalu-
ated. A total of 144 patients were included in this study. Among the patients
with high PA levels before the stroke, men were more active than women, and
the proportion of patients with smoking and alcohol abuse was high before
admission. Also, the patients with a high PA level were more likely to have no
history of hypertension and atrial fibrillation, and had lower triglyceride levels
at admission. We determined that a high pre-stroke PA level is independently
related to a favorable functional outcome at three months. In addition, there
was no correlation between a high pre-stroke PA and a good functional outcome
at two weeks. A high pre-stroke PA level is independently associated with sat-
isfactory activities of daily living at three months. Regular PA before a stroke
is an independent predictor of a favorable functional outcome in patients with
anterior circulation strokes who receive EVT, and it has a protective effect on
the functional prognosis.
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La actividad fisica previa al ictus se relaciona con
un buen resultado funcional en pacientes con ictus tras

una trombectomia endovascular.

Invest Clin 2023; 64 (2): 151 — 164

Palabras clave: actividad fisica; ictus o infarto cerebral; trombectomia indovascular;

prondstico; resultado funcional.

Resumen. Diversos estudios han demostrado que la actividad fisica regu-
lar (AF) antes del ictus puede reducir su riesgo, pero el efecto protector fun-
cional de la AF previa al ictus sobre el estado funcional posterior al ictus, atn
no esta claro en los pacientes tratados con trombectomia endovascular (TEV).
Se seleccionaron pacientes hospitalizados con ictus isquémico agudo, a todos
los cuales se les realizé TEV por una oclusion de los grandes vasos de la circu-
lacién anterior. El nivel de la AF antes del infarto cerebral fue evaluado por el
Cuestionario Internacional de Actividad Fisica y se evaluaron los indicadores
de resultado de acuerdo a la puntuacion de la escala de Rankin modificada y el
indice de Barthel. Un total de 144 pacientes fueron incluidos en este estudio.
Entre los pacientes con niveles elevados de AF antes del ictus, los hombres eran
mas activos que las mujeres, y la proporcion de pacientes con hédbito tabaquico
y abuso de alcohol era alta antes del ingreso. Ademas, lo mas probable es que
los pacientes con los niveles elevados de AF no tenian antecedentes de hiper-
tension vy fibrilacion auricular, y los niveles de triglicéridos estaban mas bajos
al momento de su ingreso. Se determiné que un nivel alto de AF previa al ictus
se relaciona de forma independiente con un buen resultado funcional a los 3
meses. Ademads, no hubo correlacion entre la AF previa al ictus avanzado y un
buen resultado funcional a las 2 semanas. Un nivel alto de AF previa al infarto
cerebral se asocia de forma independiente con actividades satisfactorias de la
vida diaria a los 3 meses. Conclusion: La AF regular antes del ictus es un predic-
tor independiente de un buen resultado funcional en los pacientes con el ictus
de la circulaciéon anterior que reciben TEV, y tiene un efecto protector sobre el
pronéstico funcional.

Received: 02-10-2022  Accepted: 21-11-2022

INTRODUCTION

Stroke is one of the most prevalent
clinical diseases in the cercbrovascular sys-
tem and compromises patients’ health and
quality of life 2. In this disease, cell death
happens because of an unexpected decrease
or stop of the local arterial blood flow to
the brain tissue. This leads to cell death and

damage to some parts of the brain, causing
its malfunction. It can cause the following
symptoms: paralysis, weakness or sensory
changes in one side of the body or face, ver-
tigo, understanding or speech disruption, or
low vision on one side **. Stroke is divided
into two types: ischemic stroke, with high
morbidity, it can cause disability or death,
because of the loss of blood supply and hem-
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orrhagic stroke, caused by bleeding, with
high mortality, high disability rate and high
relapse speed *°. Ischemic stroke is the
main cause of death and disability. This dis-
ease almost always happens in people over
40 vyears-old. To date, recombinant tissue
plasminogen activator (rt-PA), endovascu-
lar thrombectomy (EVT) and antiplatelet
therapy are the only three well-documented
emergency treatment methods for ischemic
stroke 7. For patients with acute ischemic
stroke caused by an occlusion of the large
vessels in the anterior circulation, EVT
has become one of the standard treatment
methods when there is an indication for EVT
(within a specified time limit, based on the
mismatch between regional cerebral perfu-
sion and infarction) %°. Approximately two-
thirds of stroke survivors need some help in
their daily life ') so it is very important for
them to have a reduced degree of functional
impairment.

Fors M et al. found that preoperative
exercise therapy was moderately correlated
with maintaining the postoperative physical
activity level of patients with degenerative
lumbar diseases !'. Moran et al. found that
preoperative exercise rehabilitation train-
ing can reduce all kinds of postoperative
complications after abdominal surgery '°.
In addition, there is strong evidence that
regular physical activity (PA), as a precon-
ditioning stimulus ?, has been consistently
shown to be associated with a reduced risk
of first stroke and its recurrence '*. Animal
studies have proven the beneficial effects of
preischemic exercise training on stroke, and
these beneficial effects include a prolonged
survival time, a reduction in neurological
deficits '°, a decreased infarct volume and an
improvement in the sensorimotor function
after stroke *1°. The mechanism by which
exercise provides this protection may involve
a combination of highly interactive ways,
such as reducing the neurotoxicity through
the glutamate system ", reducing oxidative
stress and apoptosis of nerve cells 7, in-
hibiting the inflammatory injury after cere-

bral ischemia/reperfusion ' improving the

function of the blood-brain barrier after an
ischemic stroke ¥, activating endothelial ni-
tric oxide synthase '® to reduce the vascu-
lar injury after stroke, and promoting the
expression of heat shock protein in neurons
and glia *. Therefore, the clinical guidelines
for stroke prevention recommends regular
PA (2014, Class Ila, Level of Evidence C) 2.
Regular PA is an important recommendation
in preventing stroke .

In this study, we intend to provide PA
advice to the public by investigating the PA
level before stroke and determining whether
it has a beneficial effect on the poststroke
functional status in patients who have had
EVT, for a stroke that was caused by an ante-
rior circulation large vessel occlusion.

METHODS

This study is a prospective cohort study
that was conducted from September 2018 to
May 2020. Patients with acute stroke consec-
utively admitted to the Department of Neu-
rology of the Affiliated Hangzhou First Peo-
ple’s Hospital of Zhejiang University School
of Medicine (Hangzhou, China, a first-class
tertiary hospital) were included. Stroke was
defined according to the World Health Or-
ganization (WHO) standard %. In addition,
according to the diagnosis and treatment
standard that was currently used in the re-
spective stroke unit ward of the neurology
department, all patients received standard-
ized reperfusion therapy (EVT with or with-
out intravenous rt-PA).

Inclusion and exclusion criteria

The inclusion criteria of this study
were as follows: patients with acute isch-
emic stroke who were at least 18 years old
and were hospitalized within 24 hours after
symptoms had appeared; patients who had
a confirmed occlusion of the anterior circu-
lation large vessels on admission; patients
who were treated with emergency EVT, and
patients who had a modified Rankin scale
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(mRs) score of < 1 before the stroke. The
exclusion criteria were as follows: no reliable
information about the patient’s past physi-
cal activities; patients with pre-stroke cogni-
tive impairment; patients who were lost to
follow-up; and patients who were missing
information on their mRs at three months.

The Medical Ethics Committee of the
Affiliated Hangzhou First People’s Hospital
of Zhejiang University School of Medicine
approved this study. After fully informing
the patients of the condition assessment
and treatment methods in this study, the
patients or their legally authorized person
signed the informed consent form and par-
ticipated in the clinical trial. The patient had
the right to withdraw from the trial.

Observation and evaluation index

We recorded information including age,
sex, height, weight, body mass index, educa-
tion level, smoking (currently smoking more
than ten cigarettes a day), alcohol abuse,
on-going antiplatelet therapy, ongoing an-
ticoagulant therapy, hypertension, diabetes,
atrial fibrillation (persistent or paroxysmal),
the severity of stroke (the National Institute
of Health Stroke Scale, NIHSS) at admission,
hypertension, vascular occlusion, blood lip-
ids, blood glucose, fibrinogen and the PA
level before the stroke.

All patients had a CTP (computed to-
mography-guided perfusion scan), an emer-
gency computed tomography (CT) and/or a
magnetic resonance imaging scan. The pa-
tient’s baseline arterial occlusion was evalu-
ated by two methods: digital subtraction
angiography and computed tomography an-
giography. If the M2-MCA segment (middle
cerebral artery, MCA, the second segment of
the middle cerebral artery) was noted to be
occluded when evaluating the anterior cir-
culation of large vessels, then a distal occlu-
sion was considered. The M1 segment (the
first segment of the middle cerebral artery)
and intracranial carotid artery, ICA) were
considered proximal occlusions (proximal-
M1, proximal-ICA).

Our research group conducted quanti-
tative and qualitative interviews with each
patient by a questionnaire to determine the
patient’s regular PA level before the stroke.

When the patient could not answer be-
cause of aphasia, memory loss or any other
stroke-related reasons, we interviewed the
patient’s close relatives. In this study, we
used a standardized and validated question-
naire, the International Physical Activity
Questionnaire (IPAQ) '®, which recorded the
PA of the patients during the week before
admission. The participants were asked if
the activity level of that week actually repre-
sented the activities of the previous several
weeks. If not, the patients were excluded
from the study. The IPAQ quantified the level
of PA. The calculation of the total score of
the questionnaire was defined as the sum of
the daily cumulative time (in minutes) and
frequency (days) of all activities with differ-
ent intensities (low, medium, or intense) in
four fields (work, transportation, housework,
gardening, and leisure) that were performed
in a week. The level of physical activity (MET-
min/week) is expressed by the metabolic
equivalent (MET).

According to the criteria recommended
by the IPAQ working group, the patients were
divided into three groups based on their pre-
stroke PA levels. The details are as follows:

High PA was defined as meeting any one
of the following two standards: (a) the total
number of days that the patient engaged in
various types of vigorous-intensity physical
activity was =3 d/w, and the overall level of
physical activity was =1500 MET-min/week;
(b) the total number of days that the patient
engaged in physical activity at three inten-
sities was >5 d/w, and the overall level of
physical activity was 23000 MET-min/week.

Moderate PA was defined as meeting any
one of the following three standards: (a) en-
gaging in all kinds of vigorous physical activ-
ity for at least 20 min every day that totaled
=3 d/w; (b) engaging in all kinds of moder-
ate intensity and/or walking activities for at
least 30 minutes every day that totaled = 5
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d/w; (c) the total number of days of that the
patient engaged in physical activity at 3 in-
tensities was = 5 d/w, and the overall level
of physical activity was = 600 MET-min/week.

Low PA was defined as no activity had
been reported, or if there was some activity,
it was lower than 600 MET-min/week .

We used the mRS to evaluate the func-
tional results and the Barthel Index to eval-
uate the activities of daily living (ADL) re-
sults, and these data were obtained from in
person interviews or communication tools.

Evaluation at admission

Within 48 hours after admission, an in-
terview was conducted by a researcher (Yan
Wu) who did not participate in the clinical
treatment and was trained on how to con-
duct the clinical evaluation. The basic infor-
mation and clinical information of the pa-
tients were recorded in the case report form.

Follow-up endpoint

The primary outcome was a good func-
tional outcome defined as an mRs< 2 after
three months of stroke (90 days (within a win-
dow of £7 days) after entering the study). The
secondary outcomes were the mRs score (Good
defined as <2) two weeks after stroke (14 days
and within a window of *1 day after the study
entry) and the ADL I evel (Good defined as a
Barthel index score between 95 and 100) three
months after admission (90 days within a win-
dow of =7 days after the study entry).

Statistical analysis

Data for continuous variables were re-
ported as the mean * standard deviation
(SD) or median (interquartile range, IQR),
depending on whether the variables were
normally distributed. Categorical variables
are described as percentages. The y* test was
used to compare the categorical variables
between the groups, and Student’s t test or
ANOVA (normal distribution variables) and
the Kruskal-Wallis test (nonnormal distri-
bution variables) were used to compare the
continuous variables between the groups.

We used a multivariate logistic regres-
sion model to evaluate the correlation be-
tween the PA level before stroke and the
functional outcome. In the logistic regres-
sion model, the pre-stroke PA was evaluat-
ed in two different ways as an independent
variable: (1) as a categorical variable, it
was compared with the high, moderate and
low PA groups; (2) as a binary variable, we
used the receiver operating curve (ROC) to
determine the predictive value of the IPAQ
score for predicting a good functional out-
come in order to find the best cutoff point
for the total IPAQ score for the prediction of
a good functional outcome. The weekly ex-
ercise time corresponding to the IPAQ cut-
off point can be calculated by IPAQ score/
(days * METs assigned by different intensity
activities). The cutoff point was used to di-
vide the patients with different pre-stroke PA
levels into two groups, high and low PA, and
the differences between the two groups were
compared. The results are expressed as the
adjusted odds ratios (ORs) with correspond-
ing 95% confidence intervals (95% Cls).

All statistical analyses were conducted
using SPSS 20.0 for Windows (IBM Corp). A
two-sided P value of < 0.05 was considered
to be statistically significant.

RESULTS

Clinical characteristics of the population
During the trial, 945 patients with isch-
emic stroke were admitted to the research-
er’s hospital. Patients who did not meet the
inclusion criteria were excluded: six patients
whose PA in the last week before admission
did not represent the patient’s activity in the
weeks prior to stroke and four patients who
lacked reliable information on their previous
physical activity. No patients were lost to
follow-up. A total of 144 patients were finally
included in this study (Fig. 1). Table 1 sum-
marizes the baseline characteristics of the
cohort and the three groups of patients with
different PA levels, and this data included the
patients’ basic data and clinical information.
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945 patients admitted with an ischemic stroke

—| 124 with stroke >24 h from onset

»| 282 with a posterior circulation ischemic

stroke; 302 without large vessel occlusion

—»| 81 with baseline mRs >1; 2 refused EVT or
enrollment

o] 4 lacked reliable information about past physical

activity

PA in the last week prior to admission for 6 patients

v

could not represent the activity in the previous
weeks

'

144 patients were included in the analysis

Fig. 1. Flow diagram of patients’ selection for the study (PA= Physical activity. EVT= Endovascular throm-
bectomy; mRs = modified Rankin scale.

Table 1
Socio-demographic of the patient.

Variables Total population Low PA Moderate PA  High PA

(n=144) (n=35) (n=065) (n=44)
Sex (males) 88(61.1%) 17(48.6%) 36(55.4%)  35(79.5%) 0.009
Age, years 69.6x11.3 69.3+13.0 71.0 103 67.9%x11.3 0.375
Primary school 0 0 0 o
and below 98(68.1%) 24(68.6%) 43(66.2%)  31(70.5%)
Educa Junior middle 0 0 0 o
tion level  school 32(22.2%) 7(20.0%) 16(24.6%) 9(20.5%)  0.972
Senior high school 0 0 0 0
or above 14(9.7%) 4(11.4%) 6(9.2%) 4(9.1%)
Smoking habit 45(31.2%) 12(34.3%) 13(20.0%)  20(45.5%) 0.017
Alcohol abuse 37(25.7%) 5(14.3%) 14(21.5%)  18(40.9%) 0.016
BMI, kg/m? 23.4%3.5 23.7x4.1 23.1£3.5 23.5£29 0.389
NIHSS at admission 16 [13-20.75] 17 [12.5-21.5] 16 [12.25-21] 16 [13-20] 0.894

Notes: Data are expressed as n (%), mean = standard deviation or the median [interquartile ranges].

Data on BMI were missing for four patients (1 in the low PA group, and 3 in the mderate PA group) Data on NIHSS
at admission were missing for 4 patients (2 in the low PA group, 1 in the moderate PA group, and 1 in the high PA
group).
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The average age of the enrolled popu-
lation was 69.6x11.3 years old, 61.1% of
the patients were male, and their average
baseline NIHSS was 16 (quartile 13, 20.75).
Cardiogenic stroke was the most common
subtype of stroke (46.50%). The median
total IPAQ score was 1680 MET-min/week
(quartile range 661.5, 3659.25). According
to the IPAQ grouping criteria, there were
44 (30.56%) patients with high PA levels,
65 (45.14%) patients with moderate levels,
and 35 (24.31%) patients with low activity
levels.

The differences between the groups
(patients classified according to the PA lev-
els before the stroke) are shown in Table 1
and Table 2. When the patients with high
pre-stroke PA levels were compared with the
patients with low and moderate PA levels,
men were more active than women, and
the proportion of patients with smoking
and alcohol abuse was high before admis-
sion. The patients with high pre-stroke PA
levels were more likely to have no history of
hypertension or atrial fibrillation and had
lower triglyceride levels at admission. The
baseline NIHSS scores did not differ among
the three groups of patients (p = 0.894).

Comparison of the primary neurological
outcomes

Seventy patients (48.61%) showed
good functional outcomes at three months
(Table 3). The proportion of functionally-
independent patients at three months was
significantly higher in the patients with high
PA levels (Table 3). The logistic regression
analysis showed that high pre-stroke PA lev-
els were independently associated with good
functional outcomes (OR=3.19, 95% CI:
1.07-9.47, p=0.037, Table 4, Model A).

Model A: PA of the patients during
the week before admission and Model B:
High PA was defined as meeting any one of
the following two standards: (a) the total
number of days that the patient engaged
in various types of vigorous-intensity phys-
ical activity was =3 d/w, and the overall

level of physical activity was =1500 MET-
min/week; (b) the total number of days
that the patient engaged in physical activ-
ity at three intensities was >5 d/w, and
the overall level of physical activity was
=3000 MET-min/week.

Analysis of the ROC curve analysis
showed that the total IPAQ cutoff point
score of 3859.5 MET-min/week (the area
under the curve is 0.688, 95% CI 0.586-
0.789) has the highest predictive value
of functional independence, with a sensi-
tivity of 74.8% and a specificity of 68.8%
(p=0.001). Regarding the ROC curve, it is
necessary to mention that due to the sensi-
tivity of 68.8% and specificity of 74.8%, and
subsequently high false negative and false
positive values (FN= 25.2%; FP: 21.84%),
this test has limitations as a good indicator
to distinguish PA groups (Fig. 2).

The logistic regression analysis showed
that the pre-stroke high PA level group,
which was above the cutoft point (IPAQ >
3859.5 MET-min/week), was also indepen-
dently associated with good functional out-
comes (OR = 3.3, 95% CI: 1.25-8.71, p =
0.016, Table 4, model B).

Comparison of the secondary neurological
outcomes

Thirty-nine patients (27.08%) showed
good functionality at two weeks (Table 3).
The logistic regression analysis showed
no correlation between a high pre-stroke
PA and a good functional outcome at
two weeks (Table 4, Models A and B). Re-
garding the Barthel index, 71 patients
(49.30%) showed satisfactory activities in
daily living at three months (Table 3). The
proportion of patients with acceptable ac-
tivities of daily living at three months was
significantly higher in the patients with
high levels of PA (Table 3). The logistic re-
gression analysis showed that a high pre-
stroke PA was correlated independently
with good ADL (p <0.05, Table 4, Models
A and B). Pre-stroke PA is an independent
predictor of good ADL.
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Table 2
Characteristics of the patients at baseline.
Variables Total Low PA Moderate PA High PA p
population (n=35) (n=065) (n=44)
(n=144)
Etiology Atherosclerosis  28(19.4%) 7(20.0%) 10(15.4%) 11(25.0%)  0.101
Offcerebfal Cardiogenic 67(46.5%)  15(42.9%) 38(58.5%) 14(31.8%)
. i
PRATEHON T Undetermined  49(34.0%)  13(37.1%) 17(26.2%)  19(43.2%)
Site of Proximal-ICA 53(36.8%) 13(37.1%) 20(30.8%) 20(45.5%) 0.6
occlusion  proyimal.M1 77(53.5%) 18(51.4%) 39(60.0%) 20(45.5%)
Distal-M2 14(9.7%) 4(11.4%) 6(9.2%) 4(9.1%)
Minutes from stroke 260 292 239 296 0.116
onset to admission [185.5-363] [169-402] [182-332] [213-403.75]
Reperfusion EVT alone 102(70.8%) 26(74.3%) 44(67.7%) 32(72.7%)  0.745
therapics  (ombined re-PA 42(29.2%) 9(25.7%) 21(32.3%) 12(27.3%)
and EVT
On-going antiplatelet therapy 24(16.7%) 9(25.7%) 8(12.3%) 7(15.9%) 0.226
On-going anticoagulant 16(11.1%) 5(14.3%) 7(10.8%) 4(9.1%) 0.761
therapy
Hypertension 96(66.7%) 28(80.0%) 46(70.8%) 22(50.0%)  0.012
Diabetes 31(21.5%) 10(28.6%) 13(20.0%) 8(18.2%) 0.494
Glucose, mmol/L 7.2 7.7 7.2 6.985 0.470
[6.4-8.5] [6.375-9.25] [6.4-7.99] [6.275-8.125]
Total cholesterol, mmol/L 3.69 3.78 3.695 3.59 0.828
[3.165-4.425] [3.25-4.4125] [3.1375-4.3025] [3.13-4.87]
HDL cholesterol, mmol/L 1.13 1.045 1.14 1.16 0.140
[0.925-1.245] [0.8975-1.18] [0.955-1.25] [0.93-1.25]
LDL cholesterol, mmol/L 1.97 2.13 1.99 1.9 0.902
[1.635-2.565] [1.7375-2.4825] [1.6325-2.5825] [1.56-2.93]
Triglyceride, mmol/L 1.31 1.435 1.365 1.01 0.018
[0.8-1.74] [1.1575-2.0525] [0.8-2.2175] [0.63-1.54]
Fibrinogen,g/L 2.57 2.65 2.45 2.595 0.269
[2.28-2.99] [2.45-3.09] [2.1425-2.99] [2.2875-2.94]
Atrial fibrillation 79(54.9%) 20(57.1%) 42(64.6%) 17(38.6%)  0.027
CAD 15(10.4%) 4(11.4%) 6(9.2%) 5(11.4%) 0.915

Notes: Data are expressed as n (%), mean * standard deviation or the median [interquartile ranges].
Proximal-ICA= Proximal- intracranial carotid artery; Proximal-M1= Proximal- the first segment of middle cerebral
artery; Distal-M2= Distal- the second segment of the middle cerebral artery; rt-PA = recombinant tissue plasmino-
gen activator; EVT= Endovascular thrombectomy; HDL= High density lipoprotein; LDL=Low density lipoprotein;
CAD= Coronary heart disease; PA= Physical activity.

Data on glucose was missing for 1 patient (in the low PA group)

Data on total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride were missing for 3 patients respectively (1
in the low PA group, 1 in the moderate PA group, and 1 in the high PA group), Data on fibrinogen was missing for
1 patient (in the moderate PA group.
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Table 3
Comparison of primary and secondary neurological outcomes in different groups.

Total population

Variables (n = 144)

Low PA
(n = 35)

Moderate PA
(n = 65)

High PA
(n = 44) P

mRs(=<2) at 3 months 70(48.61%) 10(28.57%)  31(47.69%)  29(65.91%) 0.004
mRs(=2) at 2 weeks 39(27.08%) 4(11.43%) 18(27.69%) 17(38.64%) 0.026
Barthel index (95~100) 71(49.30%) 10(28.57%)  30(46.15%) 31(70.45%) 0.001
at 3 months
Notes: Data are expressed as n (%); PA= Physical activity. mRs= modified Rankin scale
Table 4
Multivariate regression analyses of the association between pre-stroke physical
activity level and outcome variables.

Level of PA mRs 0-2 at 3  p-value mRs <2 at p-value  Barthel Index of 95 p

months * 2 weeks * or 100 at 3 months *

Odds ratio Odds ratio
Model A Low 1.0 0.096 1.0 0.163 1.0 0.03

Moderate 2.34(0.89,6.15) 0.086 3.18(0.92,11.03) 0.068 2.07(0.81, 5.28) 0.13

High 3.19(1.07,9.47) 0.037 3.12(0.84, 11.58) 0.089
1.91(0.77,4.78)  0.166

Model B High PA group: 3.3(1.25,8.71) 0.016
IPAQ= cutoff
point

4.25(1.45,12.41) 0.008
3.32 (1.29, 8.56) 0.013

Notes:

In model A, the relationship between pre-stroke PA and prognosis in high, moderate and low level groups was com-

pared.

In model B, the IPAQ cutoff point was 3859.5 MET-min/week.

Patients were divided into high level and low level PA groups with this cutoff point.

The relationship between these two groups and good functional outcomes was compared. PA= Physical activity;
IPAQ= International Physical Activity Questionnaire. mRs= modified Rankin scale

a Adjustment for sex, smoking, alcohol abuse, hypertension, atrial fibrillation and triglyceride levels.

DISCUSSION

This prospective study on patients with
an acute anterior circulation large vessel oc-
clusion shows that a high level of regular PA
before stroke was significantly related to a
good functional outcome and better activi-
ties of daily living after an EVT.

To the best of our knowledge, there is
no report on the influence of the PA on the
functional prognosis of stroke in patients
who have received an EVT for a stroke caused
by an anterior circulation occlusion.

For people who are relatively inactive,
such as the elderly (who had an average age
of 69 years old in this study), the necessi-
ty of physical activity in their daily life and
work has been confirmed in this research.
As a benetfit for the patients themselves and
society, PA before a stroke can play a neuro-
protective role, which is helpful to improve
significantly the outcome of a stroke, reduce
the social burden and achieve a healthy and
disability-free life.

As shown in Table 1, PA may play a dose-
dependent role. The ROC curve indicated a
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Fig 2. Receiver operating characteristics (ROC) curve analysis for predictive power of International Physical
Activity Questionnaire (IPAQ) score on functional outcome in stroke patients who were treated with
EVT(= Endovascular thrombectomy). Area under curve (95%CI) =0.688(0.586-0.789).

beneficial effect of PA before a stroke on the
stroke outcome and that the cutoff point
was 3,859.5 MET-min/week. The required PA
level can be reached by walking for approxi-
mately three hours (180 minutes) every day
for seven days or by intense physical activ-
ity (such as lifting heavy objects, digging,
jogging or fast cycling) for approximately
69 minutes every day. Among the above ac-
tivities, walking is common, convenient, and
cheap. Walking requires the use of large skel-
etal muscles of the whole body, with almost
no side effects; therefore, it is worthy of pro-
motion.

Previous studies that evaluated pa-
tients who did not receive rt-PA and EVT
20217 a study that did not mention throm-
bolysis %%, and other retrospective observa-
tional study that evaluated patients who
received rt-PA %%, showed that pre-stroke
PA could benefit patients with ischemic
stroke in terms of its severity at admis-
sion, the final infarct area size reduction

and the prognosis. In contrast, other stud-
ies that evaluated patients with intrave-
nous rt-PA thrombolytic therapy 2°, or only
conventional drug therapy 7, showed that
PA had no significant effects on the stroke
severity and functional outcome.

In this study, we found that there was
no significant association between the
physical activity level before stroke and the
severity of the stroke. However, we found a
significant association between the PA level
before the stroke and obtaining a satisfac-
tory functional outcome at three months,
consistent with some of the abovemen-
tioned research results. The inconsistency
of the results may be caused by the inclu-
sion population and the research design.
The patients in this study had a high degree
of stroke (NIHSS score was 16 at admis-
sion), which was why they were willing to
undergo EVT.

The operation itself may also affect the
functional outcome. Another reason may
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be that we used the IPAQ to evaluate PA.
This questionaire is currently recognized
as an effective and worldwide used method
for measuring the physical activity levels of
adults. It has been used in Chinese popu-
lation research and has excellent validity
and reliability *%2°. The IPAQ involves ask-
ing about the patient’s physical activities
in various fields of daily life, so the esti-
mated level of the patient’s physical activ-
ity is higher than the other survey results
(in some of above mentioned studies) that
simply asked about the patient’s physical
activity that was undertaken in their leisure
time 25293° The TPAQ will not classify the
patients with high-intensity professional
sports activities and lack of leisure time
for physical activities into the moderate or
low PA group. In addition, compared with
the effective drugs for treating stroke, the
physical activity level is more likely to be
only a surrogate marker of the patient’s
past health status 3.

Our research has some limitations.
First, we used a cohort study. The nature
of this type of observational study makes
us unable to determine the causality. There
may also be residual confounding factors,
such as the different surgical times and
smoothing degrees for each patient, the
degree of professional rehabilitation inter-
vention during the postoperative recovery,
and psychological factors, such as depres-
sion and anxiety symptoms that affect the
patient’s physical function and stroke prog-
nosis. Second, because the patients entered
the study based on their will and compli-
ance with the inclusion criteria, research-
ers could not select the participants in a
targeted way, which resulted in the incon-
sistency in some of the baseline data levels
in the different groups of patients. How-
ever, we believe that these inconsistencies
are due to the characteristics of the differ-
ent level of PA groups and the results of the
study. Third, the severities of the strokes
in the patients enrolled in this study were
high. For patients with severe disability and

aphasia, most of their PA levels before onset
were determined by questioning their fami-
lies. Moreover, we used self-reports for ret-
rospective registration to assess the level
of physical activity before stroke. All these
may lead to bias in the results of pre-stroke
activity.

In conclusion, this study confirms that
regular PA before stroke is an independent
predictor of a good functional outcome in
patients with an anterior circulation stroke
who receive EVT, and PA can play a protec-
tive role in the functional prognosis. In fu-
ture research, we can expand the sample
size to determine whether pre-stroke ex-
ercise plays a beneficial role in the stroke
outcome.

Limitation

According to the cut off obtained from
the ROC curve and the values of FN and FP,
the test used had limitations for distinguis-
hing groups, and it is necessary and impor-
tant to pay attention to this point in future
studies.

Funding

This research was supported by the Zhe-
jiang Provincial Medical and Health Technol-
ogy Project under Grant number 2020KY701.

Competing Interests

The authors declared that they have no
competing interests.

Authors’ Orcid Number

* Xiangbo Meng: 0000-0002-5329-8459
* Haiyan Ding: 0000-0002-6126-278X
* Congguo Yin: 0000-0002-8026-4174
* Wengqing Xia: 0000-0002-1373-3567
* Yan Wu: 0000-0002-2829-047

* Jianan Li: 0000-0003-3177-4335

Vol. 64(2): 151 - 164, 2023



162

Meng et al.

Authors’ Contribution

XM, CY, WX, and JL contributed to the
conception of the study. XM, HD, and WX
performed the experiment. YW contributed
significantly to the analysis and manuscript
preparation. XM, HD, CY and YW performed
the data analyses and wrote the manuscript.
JL helped perform the analysis with con-
structive discussions.

REFERENCES

1.  Wu X, Du H. Research on the effect of mdt
nursing pattern on the rehabilitation of oral
feeding function of stroke patients with tra-
cheotomy and dysphagia in icu. Acta Medica
Mediterr 2022; 38: 2683-2689. https://doi.
org/10.19193/0393-6384_2022 4 402.

2. Xu S, Dong X, Zhao M, Zhao C, Wu Y,
Luo W, Yang Z. The evaluation value of
videofluoroscopic  swallowing study in
dysphagia after stroke. Acta Medica Medi-
terr 2022; 38(3): 2187-2192. https://doi.
org/10.19193/0393-6384_2022 3 334.

3. Raminda S, Astuti I, Rahayu UB. Effect of
transcranial magnetic stimulation with re-
habilitation program on motor function and
ADL in upper extremity ischemic stroke: a
randomized controlled trials. J Med Chem
Sci  2021; 4(4): 308-315. https://doi.
org/10.26655/JMCHEMSCI.2021.4.1.

4.  Sun S, Sun X, Gao H, Zhu C. Comparison
of risk factors between progressive ischemic
stroke and non-progressive ischemic stroke.
Acta Medica Mediterr 2022; 38: 2973-2978.
https://doi.org/10.19193/0393-6384 _
2022 5 441.

5. Hu Y, Wang T, Han S, Zhan X, Feng Z,
Du X, Wang C, Wu Y. Impact of anti-as-
piration nursing intervention on clinical
outcomes in elderly stroke patients with
aspiration pneumonia. Acta Medica Me-
diterr 2022; 38: 2905-2910. https://doi.
o0rg/10.19193/0393-6384_2022 4 432.

6. Wang S, Bao N, Cao X, Zhou J, Jiang G,
Wang L. The neuroprotective mechanism
of microrna in ischemic stroke. Acta Me-
dica Mediterr 2022; 38(3): 1601-1602.
https://doi.org/10.19193/0393-6384 _
2022 3 242.

10.

11.

12.

Powers WJ, Rabinstein AA, Ackerson T,
Adeoye OM, Bambakidis NC, Becker K,
Biller J, Brown M, Demaerschalk BM, Hoh
B. Guidelines for the early management of
patients with acute ischemic stroke: 2019
update to the 2018 guidelines for the early
management of acute ischemic stroke: a
guideline for healthcare professionals from
the American Heart Association/American
Stroke Association. Stroke 2019; 50(12):
e344-¢418. hetps://doi.org/10.1161/STR.0
000000000000211.

Berkhemer OA, Fransen PSS, Beumer D,
Van Den Berg, LA, Lingsma HF, Yoo AJ,
Schonewille WJ, Vos JA, Nederkoorn, PJ,
Wermer MJH. A randomized trial of intraar-
terial treatment for acute ischemic stroke.
N Engl J Med 2015; 372: 11-20. hetps://doi.
org/10.1056/NEJMoal411587.

Goyal M, Menon BK, van Zwam WH, Dip-
pel DW, Mitchell PJ, Demchuk AM, Da-
valos A, Majoie CB, van der Lugt A, De
Miquel MA, Donnan GA. Endovascular
thrombectomy after large-vessel ischaecmic
stroke: a meta-analysis of individual patient
data from five randomised trials. Lancet
2016; 387(10029): 1723-1731. https://doi.
org/10.1016/50140-6736(16)00163-X.
Kramer SF, Hung SH, Brodtmann A. The
impact of physical activity before and after
stroke on stroke risk and recovery: a na-
rrative review. Curr Neurol Neurosci Rep
2019; 19(6): 1-9. https://doi.org/10.1007/
s11910-019-0949-4.

Fors M, Enthoven P, Abbott A, Obers B.
Effects of pre-surgery physiotherapy on wal-
king ability and lower extremity strength in
patients with degenerative lumbar spine di-
sorder: Secondary outcomes of the PREPA-
RE randomised controlled trial. BMC Mus-
culoskelet Disord 2019; 20(1): 1-11. https://
doi.org/10.1186/s12891-019-2850-3.
Moran J, Guinan E, McCormick P, Larkin
J, Mockler D, Hussey J, Moriarty J, Wilson
F. The ability of prehabilitation to influen-
ce postoperative outcome after intra-abdo-
minal operation: a systematic review and
meta-analysis. Surgery 2016; 160(5): 1189-
1201. https://doi.org/10.1016/j.surg.2016.
05.014.

Zhang F, Wu Y, Jia J. Exercise precondi-
tioning and brain ischemic tolerance. Neu-

Investigacion Clinica 64(2): 2023



Effects of pre-stroke physical activity in stroke patients

163

14.

15.

16.

17.

18.

19.

20.

roscience 2011; 177: 170-176. https://doi.
org/10.1016/j.neuroscience.2011.01.018.
Diep L, Kwagyan J, Kurantsin-Mills J, Weir
R, Jayam-Trouth A. Association of physical
activity level and stroke outcomes in men
and women: a meta-analysis. J Women’s
Health 2010; 19(10): 1815-1822. https://
doi.org/10.1089/jwh.2009.1708.

Wang X, Zhang M, Yang SD, Li WB, Ren
SQ, Zhang J, Zhang F. Pre-ischemic tread-
mill training alleviates brain damage via
GLT-1-mediated signal pathway after ische-
mic stroke in rats. Neuroscience 2014; 274:
393-402. https://doi.org/10.1016/j.neuros-
cience.2014.05.053.

Gertz K, Priller J, Kronenberg G, Fink KB,
Winter B, Schrock H, Ji S, Miloseviec M,
Harms C, Bohm M, Dirnagl U. Physical acti-
vity improves long-term stroke outcome via
endothelial nitric oxide synthase—dependent
augmentation of neovascularization and ce-
rebral blood flow. Cire Res 2006; 99(10):
1132-1140.  https://doi.org/10.1161/01.
RES.0000250175.14861.77.

Otsuka S, Sakakima H, Sumizono M,
Takada S, Terashi T, Yoshida Y. The neu-
roprotective effects of preconditioning
exercise on brain damage and neurotrophic
factors after focal brain ischemia in rats.
Behav Brain Res 2016; 303: 9-18. https://
doi.org/10.1016/j.bbr.2016.01.049.

Zhu L, Ye T, Tang Q, Wang Y, Wu X, Li
H, Jiang Y. Exercise preconditioning re-
gulates the toll-like receptor 4/nuclear
factor-kB signaling pathway and reduces
cerebral ischemia/reperfusion inflamma-
tory injury: a study in rats. J Stroke Ce-
rebrovasc Dis 2016; 25(11): 2770-2779.
https://doi.org/10.1016/j.jstrokecerebro-
vasdis.2016.07.033.

Naderi S, Alimohammadi R, Hakimiza-
deh E, Roohbakhsh A, Shamsizadeh A,
Allahtavakoli M. The effect of exercise
preconditioning on stroke outcome in ova-
riectomized mice with permanent middle
cerebral artery occlusion. Can J Physiol
Pharmacol 2018; 96(3): 287-294. https://
doi.org/10.1139/cjpp-2017-0157.

Lin C, Chang C, Chang C, Hsu Y, Lin M,
Lin J. Protecting against ischaemic stroke
in rats by heat shock protein 20-mediated
exercise. Eur J Clin Invest 2015; 45(12):

21.

22.

23.

24.

25.

26.

27.

1297-1305. https://doi.org/10.1111/eci.12
551.

Kernan WN, Ovbiagele B, Black HR, Bra-
vata DM, Chimowitz MI, Ezekowitz MD,
Fang MC, Fisher M, Furie KL, Heck DV, Jo-
hnston SC. Guidelines for the prevention of
stroke in patients with stroke and transient
ischemic attack: a guideline for healthca-
re professionals from the American Heart
Association/American Stroke Association.
Stroke 2014; 45(7): 2160-2236. https://
doi.org/10.1161/STR.0000000000000024.
McDonnell MN, Hillier SL, Hooker SP, Le
A, Judd SE, Howard VJ. Physical activity
frequency and risk of incident stroke in
a national US study of blacks and whites.
Stroke 2013; 44(9): 2519-2524. https://doi.
org/10.1161/STROKEAHA.113.001538.
Investigators WHOMPP. The World Health
Organization MONICA Project (monitoring
trends and determinants in cardiovascu-
lar disease): a major international colla-
boration. J Clin Epidemiol 1988; 41(2):
105-114. https://doi.org/10.1016,/0895-43
56(88)90084-4.

Reinholdsson M, Palstam A, Sunnerha-
gen KS. Pre-stroke physical activity could
influence acute stroke severity (part of PAP-
SIGOT). Neurology 2018; 91(16): ¢1461-
e1467. https://doi.org/10.1212/WNL.0000
000000006354.

Urbanek C, Gokel V, Safer A, Becher H,
Grau AJ, Buggle F, Palm F. Low self-repor-
ted sports activity before stroke predicts
poor one-year-functional outcome after
first-ever ischemic stroke in a population-
based stroke register. BMC Neurol 2018;
18(1): 1-10. https://doi.org/10.1186/s128
83-018-1189-y.

Decourcelle A, Moulin S, Sibon I, Murao
K, Ronzi¢re T, Godefroy O, Poli M, Cor-
donnier C, Sagnier S, Lassalle V, Okada
Y. Influence of previous physical activi-
ty on the outcome of patients treated by
thrombolytic therapy for stroke. J Neurol
2015; 262(11): 2513-2519. https://doi.
org/10.1007/s00415-015-7875-4.
Morovatdar N, Di Napoli M, Stranges S, G.
Thrift A, Kapral M, Behrouz R, Farzadfard
MT, Sheikh Andalibi MS, Rahimzadeh Os-
kooie R, Sawant A, Mokhber N, Azarpa-
zhooh MR. Regular physical activity post-

Vol. 64(2): 151 - 164, 2023



164

Meng et al.

28.

29.

pones age of occurrence of first-ever stroke
and improves long-term outcomes. Neurol
Sci 2021; 42(8): 3203-3210. https://doi.
org/10.1007/s10072-020-04903-7.

Deng HB, Macfarlane DJ, Thomas GN, Lao
XQ, Jiang CQ, Cheng KK, Lam TH. Relia-
bility and validity of the IPAQ-Chinese: the
Guangzhou Biobank Cohort study. Med Sci
Sports Exerc 2008; 40(2): 303-307. https://
doi.org/10.1249/mss.0b013e31815b0db5.
Macfarlane DJ, Lee CCY, Ho EYK, Chan
KL, Chan DTS. Reliability and validity of the
Chinese version of IPAQ (short, last 7 days).
J Sci Med Sport 2007; 10(1): 45-51. hetps://
doi.org/10.1016/}.jsams.2006.05.003.

30.

31.

Deplanque D, Masse I, Libersa C, Leys D,
Bordet R. Previous leisure-time physical ac-
tivity dose dependently decreases ischemic
stroke severity. Stroke Res Treat 2012;2012.
https://doi.org/10.1155/2012/614925.
Stranahan AM, Zhou Y, Martin B, Mauds-
ley S. Pharmacomimetics of exercise: no-
vel approaches for hippocampally-targeted
neuroprotective agents. Curr Med Chem
2009; 16(35): 4668-4678. https://doi.
o1g/10.2174/092986709789878292.

Investigacion Clinica 64(2): 2023



