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Background: Strong evidence suggests that a single session of aerobic exercise can alter serum neurotrophin concentra-
tions and induce neural adaptations. This study aimed to analyze the effects of exercise intensity during a sin-
gle exercise session on serum neurotrophin concentrations in patients after a first ischemic stroke.

Material/Methods: Thirty participants (mean age: 65.64+9.34 years) were randomly assigned to either the low-intensity continu-
ous exercise group (n=15) or the moderate-intensity continuous exercise group (n=15). Serum neurotrophin
concentrations were measured using an enzyme-linked immunosorbent assay. Cognitive function was assessed
with the Addenbrooke’s Cognitive Examination IlI; functional ability with the Rivermead Motor Assessment;
depressive symptoms with the Beck Depression Inventory; and exercise intensity with the Graded Cycling Test
with the Talk Test.

Results: Descriptively, a single session of aerobic exercise in the moderate-intensity continuous exercise group was
associated with a substantial increase in serum brain-derived neurotrophic factor concentration (median
change=1.9 ng/mL, 95% bootstrap confidence interval [0.7, 2.8]) and a decrease in serum irisin concentration
(median change=-257.4 ng/mL, 95% bootstrap confidence interval [-490.1, -206.8]). Mean-based inferential
analyses using 2-way repeated-measures analysis of variance revealed no significant GroupxTime interactions
for serum neurotrophins, except for lactate concentration.

Conclusions: A single session of aerobic exercise in patients after ischemic stroke was associated with changes in circu-
lating lactate concentrations. Descriptive median-based analyses indicated exercise-related shifts in selected
biomarkers, whereas mean-based analyses suggested broadly similar neurotrophin responses across exercise
intensities.
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Introduction

There is growing recognition in the rehabilitation field that in-
corporation of aerobic exercise sessions into post-stroke reha-
bilitation during the subacute recovery phase may enhance neu-
roplasticity. During post-ischemic stroke rehabilitation, there is
a limited subacute recovery window characterized by height-
ened neuroplastic potential. Increasing evidence suggests that
implementation of aerobic exercise during this period may en-
hance neuroplasticity and reinforce therapeutic effects [1]. This
regenerative-compensatory period of neural plasticity typical-
ly occurs within the first weeks to 3 months after a stroke [2].
Motor rehabilitation initiated during the early post-stroke weeks
appears to restore impaired functions most effectively [3].

Aerobic exercise stimulates serum neurotrophic factors; thus, it
may support neuronal health and recovery. Consequently, this
intervention has been explored as a potential strategy to miti-
gate neurodegeneration [4]. Moderate-intensity aerobic exercise
has also been associated with enhanced structural and func-
tional brain connectivity, supporting the recruitment of multiple
neural pathways in patients recovering from ischemic stroke
[5]. Animal studies and clinical trials have shown that endur-
ance exercise, through rhythmic skeletal muscle contractions,
increases levels of neurotrophic factors, including brain-derived
neurotrophic factor (BDNF) [6], glial cell-derived neurotrophic
factor (GDNF), insulin-like growth factor 1 (IGF-1) [7], irisin, and
vascular endothelial growth factor A (VEGF-A) [8], among others.
These proteins mediate neural plasticity and promote energy
metabolism within the central nervous system after stroke [8].

Previous meta-analyses investigating the effects of a single
session of moderate-intensity aerobic exercise in patients with
chronic post-stroke rehabilitation have reported mixed find-
ings regarding serum BDNF concentrations [6,9]. One analy-
sis detected a nonsignificant decrease in serum BDNF levels
favoring no exercise [10]. However, the findings were limited
to patients in the chronic stage of rehabilitation. Thus, further
studies and meta-analyses are needed to evaluate the effects
of aerobic exercise on additional neurotrophic factors in pa-
tients during the subacute rehabilitation stage.

Moreover, aerobic exercise increases peripheral lactate con-
centrations; lactate serves as an energy substrate for the brain
after ischemic stroke [11]. Elevated serum lactate levels fol-
lowing aerobic exercise may reflect increased metabolic de-
mand for neuronal activation and could help to mitigate neu-
rodegenerative dysfunction [12].

Considering this background, we investigated whether a single
session of aerobic exercise performed at different intensities
during the regenerative-compensatory phase of post-stroke
neurorehabilitation affects serum neurotrophin concentrations.

Gorna S. et al:
Exercise and neurotrophic factors in stroke
© Med Sci Monit, 2026; 32: €952089

We also examined correlations of serum neurotrophin concen-
trations with motor and cognitive function.

Material and Methods

Ethical Considerations

This study was approved by the Bioethics Committee of the
Karol Marcinkowski Medical University of Poznan, Poland
(Decision No. 126/21). The study was conducted in accordance
with the Good Clinical Practice Guidelines and the Declaration
of Helsinki. Additionally, the study protocol was registered at
ClinicalTrials.gov (NCT06824116).

Inclusion and Exclusion Criteria

Participants were eligible if they were 21 to 75 years of age,
had experienced a first ischemic stroke, were in the subacute
phase after stroke, were clinically stable, were able to stand
independently, and could walk at least 4 m. Participants were
excluded if they had unstable cardiac status, lower extremity
claudication or amputation, hip and/or knee joint endopros-
theses, weight-bearing pain greater than 4/10, lower extrem-
ity spasticity (ie, Ashworth score »2), or other concomitant
neurological diseases and/or malignancies.

Study Procedures

Participants were recruited and underwent the training proce-
dure and data collection between June and November 2021. All
participants were recruited from the Department of Neurological
Rehabilitation at the District Hospital in Srem, Greater Poland
Voivodeship, Poland.

Figure 1 illustrates participant flow throughout the study. In to-
tal, 80 participants were screened; of these, 34 met the inclu-
sion criteria and provided written informed consent. Participants
were randomly assigned at a 1: 1 ratio to either of 2 groups:
the study group participated in moderate-intensity continuous
exercise (MICE) on a bicycle ergometer (n=17), and the control
group participated in low-intensity continuous exercise (LICE)
on a bicycle ergometer (n=17). The randomization sequence
was generated via simple random allocation using a comput-
erized random sequence at random.com. Participant identifi-
ers were provided to a research staff member with no further
involvement in the study, who performed the randomization
in a blinded manner. Two participants in each group did not
complete the single exercise session. Therefore, 15 participants
in each group were included in the analyses.

On the first day of the study, participants were randomly assigned
to groups. They completed the Rivermead Motor Assessment
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Figure 1. Flow of participants through the trial.
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(RMA), Addenbrooke’s Cognitive Examination Il (ACE-IIl), Beck
Depression Inventory (BDI), and Graded Cycling Test with the
Talk Test (GCT-TT). On the following day, participants completed
a single session of aerobic exercise (ie, MICE or LICE). Exercise in-
tensity was individualized based on GCT-TT results (see below).

Exercise Intervention Protocol

Aerobic exercise sessions were conducted in the morning,
at least 2 hours after a meal, in the exercise room of the
Neurological Rehabilitation Ward at the District Hospital in
Srem. Each aerobic exercise session began with a 5- to 10-min-
ute warm-up period and concluded with a 5- to 10-minute cool-
down period. Exercise was performed on a cycle ergometer
(928E-G3, Monark Exercise, Vansbro, Sweden) for 30 minutes
at a cadence of 60 rotations per minute (rpm). Exercise inten-
sity was set at 50% to 60% of maximal oxygen consumption
(vo,, ) for the LICE group and 70% to 80% of VO, __ for the
MICE group. VO, _ was estimated from Talk Test thresholds
obtained during the graded exercise test to determine indi-
vidualized aerobic training intensity.

Outcome Measures

GCT-TT

The GCT-TT assesses submaximal exercise intensity and deter-
mines an individual’s power output. The Talk Test is utilized to
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evaluate aerobic capacity during endurance exercise. Participants
performed the test on a stationary bicycle (928E-G3, Monark
Exercise, Vansbro, Sweden). The protocol began with a 5-min-
ute warm-up at 25 watts using a comfortable cadence selected
by each participant. The initial workload consisted of 3 minutes
at 25 watts and a cadence of 60 rpm. The workload was sub-
sequently increased by 25 watts every 3 minutes while main-
taining a constant cadence of 60 rpm. During the final 10 to
15 seconds of each stage, participants were asked to repeat
a fragment of text. The test was terminated when the partici-
pant could no longer speak comfortably [13]. The GCT-TT was
used to determine individualized power output. The highest
workload at which the participant could speak comfortably
without accelerated breathing was classified as low intensi-
ty. Comfortable speech indicated that exercise intensity re-
mained within a safe and sustainable range. In contrast, the
first workload at which the participant demonstrated acceler-
ated breathing while speaking was classified as moderate in-
tensity. Increasing difficulty in speaking suggested that exer-
cise intensity was approaching the physiological threshold.

RMA

The RMA assesses functional mobility in patients after stroke. It
consists of 38 motor tasks divided into 3 categories: gross func-
tion (RMA-gf), leg and trunk function (RMA-It), and arm func-
tion (RMA-a). The total RMA score ranges from 0 to 38 points,
with higher scores indicating greater functional mobility [14].
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ACE-lI

The ACE-Ill was used to assess participants’ cognitive func-
tion. It comprises 5 domains: attention (ACE-IIl A; range, 0-18
points), memory (ACE-IIl M; range, 0-26 points), verbal fluency
(ACE-III F; range, 0-14 points), language (ACE-III L; range, 0-26
points), and visuospatial ability (ACE-IIl V; range, 0-16 points).
The total score ranges from 0 to 100, with higher scores indi-
cating better cognitive function [15].

BDI

The BDI was used to assess the severity of depressive symp-
toms. This instrument consists of 21 items, each with 4 re-
sponse options. The total score ranges from 0 to 63, with high-
er scores indicating more severe depressive symptoms [16].

Blood Sampling

Blood samples (4 mL) were collected from the antecubital vein
into tubes without anticoagulant before and 5 minutes after the
aerobic exercise session. After collection, samples were incubat-
ed at room temperature for 30 minutes, then centrifuged. The
serum was separated, aliquoted (100 pL), and stored at -80°C
until analysis. Commercially available enzyme-linked immu-
nosorbent assay kits were used to measure serum concentra-
tions of BDNF, GDNF, IGF-1, irisin, and VEGF-A. Measurements
were performed using a Synergy 2 SIAFRT multi-mode plate
reader (BioTek, Winooski, VT, USA).

To measure lactate concentration, blood samples were collect-
ed via fingertip puncture before and 45 seconds after exer-
cise using a handheld analyzer (The Edge™, ApexBio, Taiwan).

Statistical Analysis

R version 4.3.2 (R Foundation for Statistical Computing, Vienna,
Austria) and Statistica 13.3 (StatSoft, Krakéw, Poland) were
used for statistical analyses. Group differences are present-
ed as medians with 95% confidence intervals (Cls) calculat-
ed using bootstrap methods with 10 000 resamples and high-
est density intervals. Spearman rank correlation coefficients
were calculated to evaluate relationships between serum neu-
rotrophin concentrations and functional outcomes; 95% Cls
were derived using bootstrap methods (10000 resamples).
Two-way repeated-measures analysis of variance (ANOVA) was
used to analyze differences in serum neurotrophin concentra-
tions before and after aerobic exercise between groups. No
covariates were included in the ANOVA models. ANOVA was
considered appropriate given the balanced repeated-mea-
sures design (n=15 per group) and its robustness to moder-
ate violations of normality assumptions. Concerning ANOVA
results, GroupxTime interaction effects were examined first;
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when significant, simple effects were interpreted. Descriptive
summaries (medians with bootstrap 95% Cls) are presented
for illustrative purposes only and should not be interpreted
as inferential findings. All statistical conclusions were exclu-
sively based on 2-way repeated-measures ANOVA testing of
GroupxTime interactions. When interactions were not signifi-
cant, directional language (eg, “increase” or “decrease”) was
avoided and main effects were examined. Eta-squared (n?)
was calculated as a measure of effect size.

Results

Shapiro-Wilk tests showed that 6 of 12 neurotrophic variables
followed a normal distribution (P>0.05). Given the mixed dis-
tributional properties and small sample size, descriptive sta-
tistics are presented as medians; inferential analyses were
conducted using methods appropriate to their respective es-
timands, as described below.

Table 1 presents the sociodemographic, anthropometric,
and clinical characteristics of the study participants. The
meanzstandard deviation age of the 30 participants was
65.64+9.34 years. In the MICE group, a single session of aero-
bic exercise was associated with a higher median serum BDNF
concentration (median change=1.9, 95% bootstrap Cl [0.7, 2.8];
Figure 2A). In the LICE group, the median change in BDNF con-
centration was smaller, and the bootstrap Cl included zero (me-
dian change=1.6, 95% Cl [-0.7, 2.3]). For GDNF, the LICE group
showed a negative median change after a single exercise ses-
sion (median change=-0.5, 95% Cl [-0.6, -0.3]), whereas the
MICE group showed a smaller change (median change=-0.2,
95% ClI [-0.5, 0.0]; Figure 2B). Median VEGF-A concentrations
were lower after exercise in both groups, with a larger median
change observed in the LICE group (median change=-9.3, 95%
CI[-11.9, -7.0]) than in the MICE group (median change=-7.0,
95% CI[-12.0, -4.3]; Figure 2C). Median changes in serum IGF-
1 concentrations were close to zero in both groups and ac-
companied by wide bootstrap Cls (LICE: median change=-12.5,
95% Cl [-37.5, 25.1]; MICE: median change=-1.1, 95% CI [-27.3,
20.1]; Figure 2D). Serum irisin concentrations also showed
lower median values after exercise in both groups (LICE: me-
dian change=-342.3, 95% Cl [-585.0, -179.8]; MICE: median
change=-257.4,95% Cl [-490.1, -206.8]; Figure 2E). These me-
dian-based summaries are provided to describe the typical di-
rection and magnitude of change; they should not be inter-
preted as formal hypothesis tests.

Two-way repeated-measures ANOVA was used to test mean
differences in serum neurotrophin concentrations across Time
(pre vs post) and Group (LICE vs MICE). For BDNF (F(1, 28)=0.48,
P=0.496; 12=0.046), GDNF (F(1, 28)=0.98, P=0.332; 112=0.083),
VEGF-A (F(1, 28)=1.78, P=0.193; 112=0.025), IGF-1 (F(1, 28)=0.00,
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Table 1. Demographic, anthropometric, and clinical characteristics of the participants.

Number

Beck Depression Index score (points)

15 15
 es7esese  esassead
””””” o 600) 81y
 2s0s29  3a0m74
 7eaasizes 9676223
 ies009 1715008
””””” 2708570 27091644
""""" 536742659 638012773
””””” 2931119 20671108
””””” 0674816 1420e1132

Abbreviations: LICE, low-intensity continuous exercise; MICE, moderate-intensity continuous exercise. Data are shown as

meanztstandard deviation or number (%).

P=0.991; 112=0.001), and irisin (F(1, 28)=0.30, P=0.588;
n?=0.006), the GroupxTime interactions were not significant,
indicating similar response patterns across groups. Descriptively,
post-exercise median BDNF values were higher in the MICE
group; however, the GroupxTime interaction was not signif-
icant, and thus no differential effect of exercise intensity on
BDNF was presumed. The median changes presented above
are descriptive only and were not tested inferentially; ANOVA
interaction effects for these biomarkers were nonsignificant.

In contrast, peripheral lactate concentration showed a sig-
nificant GroupxTime interaction (F(1, 28)=51.01, P<0.001;
n%=0.267), indicating that mean changes in lactate concen-
tration substantially differed between exercise modalities.
Given this significant interaction, simple effects were exam-
ined. Mean-based analyses indicated higher post-exercise lac-
tate concentrations in both groups; the increase was great-
er in the MICE group.

To aid interpretation, median changes are also reported de-
scriptively. Median increases in lactate concentration were 4.9
(95% bootstrap Cl [3.6, 6.9]) in the MICE group and 0.8 (95%
C1[0.6, 1.0]) in the LICE group (Figure 2F), corresponding to an
approximately 6-fold greater typical increase in the MICE group.

Associations between serum neurotrophin concentrations and
functional or clinical variables were examined using Spearman
rank correlation coefficients. In the LICE group, a positive corre-
lation was observed between VEGF-A concentration and RMA
score (rs=0.59, 95% Cl[0.23, 0.84]). In the pooled pre-exercise
data, significant positive correlations were detected between
RMA score and GDNF (rs=0.37, 95% Cl [0.05, 0.64]), age and
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lactate concentration (rs=0.50, 95% Cl [0.20, 0.73]), and body
mass index and VEGF-A concentration (rs=0.54, 95% CI[0.22,
0.81]; a negative correlation was noted between BDI score and
VEGF-A concentration (rs=-0.44, 95% CI [-0.72, -0.13]; Table 2).
In the MICE group, positive correlations were observed be-
tween age and post-exercise BDNF concentration (rs=0.79,
95% Cl [0.51, 0.95]), as well as BDI score and post-exercise
lactate concentration (rs=0.52, 95% Cl [0.05, 0.90]; Table 3).
In the LICE group, a positive correlation (rs=0.53) was noted
between post-exercise IGF-1 concentration and post-exercise
BDNF concentration (Figure 3).

Discussion

Among patients in the subacute phase of rehabilitation af-
ter ischemic stroke, the present study showed that a single
session of aerobic exercise in the MICE group was associated
with higher peripheral BDNF and lactate concentrations but
not with changes in peripheral GDNF or IGF-1 concentrations.
The results also indicated lower serum VEGF-A concentrations
following a single exercise session. Further research is needed
to determine the optimal timing of changes in VEGF-A levels
in the bloodstream among patients with stroke who are un-
dergoing aerobic training. King et al [7] observed that among
35 patients at 31.5 + 26.7 months after stroke, peripheral IGF-
1 concentrations substantially decreased following incremen-
tal maximal aerobic testing. Another clinical trial involving 16
participants in the chronic phase after stroke (mean duration:
6.5 + 4.1 years post-stroke) reported a nonsignificant increase
in serum IGF-1 during a single graded exercise test and mod-
erate continuous walking at a mean intensity of 45% + 5%

[Chemical Abstracts/CAS]
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Figure 2. Effects of a single exercise session on serum brain-derived neurotrophic factor (BDNF) (A), glial cell-derived neurotrophic
factor (GDNF) (B), vascular endothelial growth factor A (VEGF-A) (C), insulin-like growth factor 1 (IGF-1) (D), irisin (E), and
peripheral lactate concentration (F). Boxplots show median values, interquartile ranges (boxes), and ranges (whiskers),
with individual data points overlaid for pre-exercise (white) and post-exercise (gray) concentrations in the low-intensity
continuous exercise (LICE) and moderate-intensity continuous exercise (MICE) groups. Boxplots depict raw data with medians
and interquartile ranges for descriptive purposes only. Inferential conclusions were derived exclusively from 2-way repeated-
measures analysis of variance tests of GroupxTime interactions. Abbreviations: Pre.L, pre-exercise LICE group; Post.L, post-
exercise LICE group; Pre.M, pre-exercise MICE group; Post.M, post-exercise MICE group.
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Table 2. Correlations between pre-exercise serum neurotrophic factor concentrations (ng/mL), peripheral lactate concentration
(mmol/L), and physical performance, cognitive status, and psychological function before exercise in participants (n=30).

Parameter BDNF GDNF VEGF-A IGF-1 Irisin Lactate

P (et -0.11 -0.17 0.06 0.19 -0.13 0.5
ge ly (-0.45, 0.26) (-0.51,0.2) (-0.34, 0.44) (-0.2, 0.57) (-0.54, 0.29) (0.2, 0.73)*

-0.15 0.29 0.54 -0.01 0 0.1

2

150 () (-0.54, 0.25) (-0.05, 0.6) (0.22, 0.81)* (-0.36, 0.35) (-0.39, 0.37) (-0.26, 0.48)

ACE-lIl (points) 0.04 0.07 0.05 -0.18 -0.04 -0.31
P (-0.35, 0.4) (-0.32, 0.46) (-0.34, 0.45) (-0.52, 0.16) (-0.37, 0.33) (-0.61, 0.01)

RMA (points) 0.04 0.37 0.17 -0.12 -0.24 -0.21
P (-0.3, 0.39) (0.05, 0.64)* (-0.17, 0.46) (-0.43, 0.23) (-0.57,0.13) (-0.55, 0.15)

BDI (points) 0.12 0.03 -0.44 -0.01 0.1 0.07
p (-0.27, 0.47) (-0.33, 0.39) (-0.72, -0.13)* (-0.39, 0.38) (-0.25, 0.45) (-0.36, 0.44)

Abbreviations: ACE-IIl, Addenbrooke’s Cognitive Examination Ill; BDI, Beck Depression Inventory; BDNF, brain-derived neurotrophic
factor; BMI, body mass index; GDNF, glial cell-derived neurotrophic factor; IGF-1, insulin-like growth factor 1; RMA, Rivermead Motor
Assessment; VEGF-A, vascular endothelial growth factor A. Data are shown as rs (95% confidence interval). * P<0.05.

Table 3. Correlations between pre-exercise physical performance, cognitive status, and psychological function and post-exercise
peripheral neurotrophic factor (ng/mL) and lactate (mmol/L) concentrations.

Parameter
Group
Age (years) 0.79* -0.52%* -0.13 -0.34 -0.03
CemiGgm) 002 0 03 o024 024
CACEAI (points) 034 025 008 003 003
CRMA(oint) 014 003 021 007 016
CBDI(points) 012 003 040 027 001

Lactate

Irisin

0.10 0.08 -0.39 -0.12 0.34 -0.26 -0.10
005 017 009 023 011 034 036
015 011 016 024 021 007 015
059t 002 -032 011 025 03 024
006 011 004 003 031 052 o016

Abbreviations: ACE-IIl, Addenbrooke’s Cognitive Examination Ill; BDI, Beck Depression Inventory; BDNF, brain-derived neurotrophic
factor; BMI, body mass index; GDNF, glial cell-derived neurotrophic factor; IGF-1, insulin-like growth factor 1; L, low-intensity
continuous exercise; M, moderate-intensity continuous exercise; RMA, Rivermead Motor Assessment; VEGF-A, vascular endothelial

growth factor A. * P<0.05, # P<0.10.

heart rate reserve [9]. Similarly, our study showed no signifi-
cant changes in serum IGF-1 concentrations following a single
session of aerobic exercise in either the LICE or MICE group.

Findings regarding irisin have also been inconsistent. In a re-
cent randomized crossover trial involving 25 adolescents, a
single 35-minute cycle ergometer session did not significant-
ly alter plasma irisin concentrations; no differences were ob-
served before and after exercise [17]. Furthermore, in a clinical
trial involving adults who completed a maximal cycle ergom-
eter test with progressively increasing intensity, a significant
increase in irisin concentration was recorded from baseline
(7.6+1.6 ng/mL) to 15 minutes post-exercise (8.7+1.5 ng/mL)
[18]. In contrast to these studies conducted in healthy individ-
uals, our analysis of patients after stroke showed lower serum
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irisin concentrations immediately following exercise. This re-
duction may be related to increased uptake or altered trans-
port mechanisms across the blood-brain barrier. Irisin regulates
thermogenesis, glucose metabolism, and lipid metabolism in
skeletal muscle during contraction, among other physiologi-
cal processes [19]. One possible explanation for the reduction
in irisin after a single session of aerobic cycling exercise may
involve exercise-induced regulation of energy metabolism.

Another study enrolled 12 patients with a mean age of 61+13
years and an average duration of 3 years and 11 months post-
stroke; participants completed a single 30-minute treadmill
walking session at moderate to high intensity [20]. The au-
thors reported enhanced sensorimotor adaptation after the
treadmill intervention, accompanied by significantly increased
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Figure 3. Spearman rank correlations between post-exercise
serum brain-derived neurotrophic factor (BDNF) and
insulin-like growth factor 1 (IGF-1) concentrations in
the low-intensity continuous exercise (LICE) group.

serum BDNF concentrations. Similarly, a study involving 36
healthy young men revealed that a single session of interval
sprint cycling significantly increased peripheral BDNF, IGF-1,
and VEGF concentrations [21]. These changes were associat-
ed with increased peripheral lactate concentrations and en-
hanced cognitive function. Other studies have suggested that
cognitive benefits after acute exercise are most frequently ob-
served with cycling-based aerobic exercise relative to other
exercise modalities [22]. Moreover, moderate-intensity acute
exercise may provide the greatest benefits for executive cog-
nitive processes; low-intensity aerobic exercise appears to ex-
ert limited effects on cognitive function [23]. One proposed
mechanism by which moderate-intensity acute exercise may
enhance these cognitive processes is increased cerebral blood
flow [24]. The authors of the interval sprint cycling study con-
cluded that elevations in neurotrophic factors may reflect a
neuroprotective response [21].

A recent study indicated that increased lactate levels during
aerobic exercise might contribute to enhanced motor learn-
ing and motor cortical plasticity [25]. Lactate influences sev-
eral brain functions, including neuronal metabolism and en-
dogenous neuroprotective pathways. Additionally, there is
evidence that lactate modulates inflammatory mediator release
and may facilitate neural repair and motor recovery. Studies
have also shown that lactate can meet the increased energy
demands of neurons during post-stroke neuroplasticity pro-
cesses [26,27]. The present study revealed higher lactate con-
centrations in the MICE group after exercise. Further research
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investigating changes in lactate concentrations across exer-
cise intensities is needed to clarify its role in improving post-
stroke motor function.

In the MICE group, we observed a significant positive correla-
tion between post-exercise serum BDNF concentration and par-
ticipant age (rs=0.79, P<0.05). This finding implies that a sin-
gle session of moderate-intensity cycling exercise during the
early subacute stage of post-stroke recovery could represent a
beneficial rehabilitation strategy associated with higher BDNF
concentrations. Consistent with this observation, a previous
study indicated that physical activity performed at an appro-
priate intensity and duration can counteract declines associ-
ated with aging and nervous system damage [28].

Pedroso et al [29] reported a negative correlation between
post-stroke depression severity and GDNF concentrations. In
contrast, we identified a positive correlation between motor
function and baseline serum GDNF concentrations. Notably,
previous research has suggested that reduced GDNF levels are
associated with major depressive disorder, whereas physical
activity may increase GDNF concentrations [30].

In the present study, GroupxTime interactions for neurotroph-
ins (BDNF, GDNF, VEGF-A, IGF-1, and irisin) were not significant.
Thus, we found no evidence that moderate-intensity exercise
produced distinct neurotrophin responses relative to low-in-
tensity exercise. Any descriptive within-group shifts should
be considered exploratory and non-inferential. Although me-
dian values suggested higher post-exercise BDNF concentra-
tions in the MICE group, the nonsignificant interaction effect
precludes attributing these findings to a differential effect of
exercise intensity; such observations should be regarded as
exploratory. Future longitudinal studies are warranted to de-
termine the extent to which these neurotrophins mediate the
effects of moderate-intensity exercise on post-stroke rehabil-
itation outcomes.

There were some limitations in this study. First, we included a
relatively small number of participants, and therefore the study
may have been underpowered. Second, evaluation of addi-
tional neurotrophic factors could provide a more comprehen-
sive understanding of exercise-related effects. Investigations
of neurotrophin polymorphisms may improve the broader un-
derstanding of how aerobic exercise influences psychomotor
function and contributes to beneficial neurorehabilitation out-
comes. Future studies should also determine the optimal tim-
ing of peak peripheral biomarker release. Third, systematic in-
vestigation of the most effective exercise protocols, including
exercise duration and intensity, is needed, along with evalu-
ation of the effects of long-term exercise interventions on re-
habilitation outcomes after ischemic stroke.
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Conclusions

Our findings suggest that endurance exercise intensity does
not differentially affect peripheral neurotrophic factor levels
during the regenerative-compensatory phase of post-stroke
rehabilitation. Additional studies investigating other endo-
thelial biomarkers are needed to clarify the broader effects
of aerobic exercise and expand the overall understanding of
how endurance exercise supports neuroplasticity during post-
stroke rehabilitation.

Data Availability Statement
The datasets used and analyzed during the current study
are available from the corresponding author upon reason-

able request.
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