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Abstract

This study aimed to determine the effect of exercise training, higher cardiopulmonary fitness
and/or physical activity history on middle cerebral artery blood flow velocity (MCAvV) in
healthy subjects. The published studies in this area in peer-reviewed journals up to July 2020
were searched in the databases of PubMed, Google Scholar, SID and Magiran. Totally, 14
studies (including 21 interventions) comprised from those with pre- and post-intervention
design (7 studies) and others with ex post facto design (7 studies) fulfilled the eligibility
criteria. The random effects model was used for the analysis of the data reported as Difference
in Means using CMAZ2 software. Moreover, correlations between the effect sizes of exercise
training or physical fitness level on MCAv with participants’ maximal oxygen consumption,
age, mean arterial pressure, body weight, body mass index, resting heart rate, end-tidal carbon
dioxide partial pressure and also with the duration of exercise training were assessed using
meta-regression. Exercise training causes a non-significant increase of 0.569 cm/s in MCAv
(p=0.60) regardless of the participants’ characteristics as well as the number of training weeks.
Additionally, no significant correlations were observed in meta-regression assessments (p
>0.05). The results indicated that it is not possible to rely on the effects of exercise training,
higher cardiopulmonary fitness and/or participants’ exercise history to improve cerebral blood
flow or prevent its reduction. Hence, more clinical trials are still warranted to be done in this
area.
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Background and Purpose

The brain has a high metabolic demand and requires oxygen delivery and waste
removal for optimal function and neural tissue preservation. Middle cerebral
artery blood flow velocity (MCAv) assessed by Transcranial Doppler (TCD) as a
valid index for cerebral blood flow is associated with brain structure and function
and a diminished MCAV could lead to neurodegenerative diseases and cognitive
decline. Physical exercise, and especially aerobic training, may attenuate the
reduced cerebral blood perfusion (1); however, there is no consensus about the
effects of exercise training, higher cardiopulmonary fitness (CRF) and/or physical
activity history on resting cerebral blood flow in healthy subjects (2). Therefore,
we determined the quantitative effect (Difference in Means) of exercise training,
higher cardiopulmonary fitness and/or physical activity history on MCAv of
healthy subjects in this meta-analysis.

Material and Methods

The published studies related to the present study’s subject in peer-reviewed
journals were searched in PubMed, Google Scholar, SID and Magiran databases,
as well as by review of relevant literature up to July 2020. Key search terms were
Cerebral blood flow velocity/ Cerebral blood flow (CBF)/ Cerebral
Hemodynamic/ Middle Cerebral Artery Blood Flow Velocity (MCAV)/ exercise
training/ cerebral perfusion/ exercise training & CBF/ resistance exercise training,
life-long exercise, life-long activity, habitual exercise, habitual physical activity
and MCAw.

We included the studies that had been published in English-language journals,
conducted with people at least 18 years old, lasted for at least 2 weeks, and
reported changes in MCAv from baseline to follow-up, as well as variances or
data to estimate them. The studies were excluded if they were reviews, reports,
letters, or comments. Adherence to the program of physical activity and sample
size was not defined as inclusion criteria, but its influence on MCAv was
identified as an issue to be investigated. Two authors independently extracted all
related data from the published papers. A 3rd author would be involved to solve
the disagreements and differences during data extraction. The study quality was
evaluated according to the Physiotherapy Evidence Database (PEDro) scale.
Extracted data included number of participants and participant characteristics
(age, sex and body mass index (BMI)). CRF was extracted as either measured or
estimated VeO2peak expressed relative to bodyweight. Based on the selection
strategies, a total of 187 researches were included, 141 of which, however, were
excluded through title scanning, as well as abstract and full text reading. After
reading full texts of the remaining 46 researches, 32 of them were excluded,
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including investigating acute exercise effect or measuring MCAV during exercise
(n=12), studying diseased samples (n=7), the studies on animals (n=6),
investigating the synchronized effects of other interventions (e.g. cognitive
training or taekwondo) along with exercise training (n=2), quantification of
MCAVv with methods other than TCD (n=2), and the studies that were unable to
obtain related data (n=3). Finally, a total of 14 studies dealing with 21
interventions were included in the meta-analysis, consisting of those with pre- and
post-intervention design (7 studies) and others with ex post facto design (7
studies). The random effects model was used for the quantitative meta-analysis
of the data reported as Difference in Means using CMA2 software. The
publication biases were estimated by Egger test. Besides, the “leave one out”
method was used for sensitivity evaluations. Moreover, correlations between the
effect sizes of exercise training or physical fitness level on MCAv with subjects’
maximal oxygen consumption, age, mean arterial pressure, body weight, body
mass index, resting heart rate, end-tidal carbon dioxide partial pressure and also
with the duration of exercise training were assessed using simple random model
meta-regression (method of the moments).

Findings

Exercise training causes a non-significant increase of 0.569 cm/s in MCAv
(p=0.60) regardless of the participants’ characteristics and the number of training
weeks. Additionally, no significant correlations were observed in meta-regression
assessments (p >0.05).
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Study name Statistics for each sudy Difference in means and 95% CI

Difference  Standard Lower  Upper

in means efror Variance limit limit IValue pValue
Crapesu2018 (HITS5%) -2.000 3806 13.000 -9.067 5087  -0.555 0.579
Drapeau2018 (HIT115%) 3.000 3512 12333 -3.883  9.883 0.854 0.293 }
Akszawa2018 -1.000 3182 10000 -7.198 51898 0318 0.752
Bailey 2018 3.000 1.856 3444 0638 863 1818 0.108 '+
Tomato 2015 0.000 5844 34.154 -11.454 11454 0.000 1.000
Akszaws2012 7.000 5857 32000 -4087 18.087 1237 0218
Murrell 2013 fyoung) 1.000 2387 5700 -2879 5479 0.419 0.675
Murrell 2013 [old) 2000 3728 12900 5307 9307 0538 0.592
Vicente-campes2012 (Right) 0.220 2874 7148 5020 5480 0.082 0.934
Vicente-campes2012 (Left) 0890 2538 6433 5881 4281 0272 0.788
Pemy 2019 (Endurance) 4000 5681 32047 -15085 7.085  L.707 0.450
Peny 2019 (Resistance) -£.000 477 22250 14245 4245 -1.080 0.229 L
Marley 2020 (Male) 11.000 3.837 14722 3480 18.520 2.867 0.004 ——
Marley 2020 (Female) 4,000 389 15613 -11.744 3744 1012 0.311
Tomato 2018 4000 3.382 2589 1120 0.224 ———
Brugniaux 2014 -E.000 5140 26. 18 5074 0873 0.331
Fluck 2014 {young) -6.800 4229 5. 1489 -1.608 0.108 w
Fluck 2014 (old) 8.100 5482 052 1.6 12.844 1.880 0.097
Bailey 2013 [old) 8.000 027 .18 087 14933 2873 0.003
Zhu 2013 -9.000 5.805 33700 -20378 2378 -1.550 0121

0.569 1.089 1186 -1.588 2703 0.522 0.802 ’
-20.00 -10.00 0.00 10.00 2000
Favours A Favours B

Fig 1. Forest plot of the changes in MCAV induced by Exercise training in all the
included studies (n=21)

Conclusion

Based on the results, it is not possible to rely on the effects of exercise training,
higher cardiopulmonary fitness and/or participants’ exercise history to improve
cerebral blood flow or prevent its reduction. However, the existing results are
currently inconclusive and original, and the high-quality, randomized controlled
trials investigating the efficacy of elevated cardiorespiratory fitness and exercise
training for benefits of cerebrovascular function are needed.

Our findings are not in line with previous studies which have reported that
regional changes in cerebral perfusion were observed with an increase in
hippocampus (3) and anterior cingulate cortex (4) perfusion following training.
These results indicate that there may be specific regions within the brain that
increase perfusion following an exercise intervention, which are not captured by
measures of global cerebral blood flow. However, improvements in regional
perfusion were not observed across all studies. One reason may be the presence
of a time-course effect of exercise training on vascular adaptations, whereby
short-term changes in vascular function are superseded by longer-term
improvements in artery structure (5). Specifically, due to the range of intervention
durations (2 to 12 months), differences in findings between studies may relate to
the potential structural adaptation of cerebral vessels, as opposed to short-term
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increases in cerebrovascular function. The time-course of cerebrovascular
adaptation, including both function and structure, however, remains to be
determined.

However, as CRF is often compromised in clinical populations, understanding the
interaction between changes in CRF and cerebral blood flow outcomes with
exercise training would greatly enhance our understanding in this area (6).
Moreover, interventional studies should consider additional outcomes of global
cerebrovascular health including assessments of cognition and structural and
functional imaging to understand more how exercise can be used as therapy for
the cerebrovascular system across different population groups.

Furthermore, as important topics in future studies, it might also be better to focus
on the exact amount of blood perfusion to each individual cerebral cell as well as
the quality of trans-blood brain barrier substance delivery instead of quantifying
the speed of blood flows through cerebral vessels.

Article massage:

Based on the results of this meta-analysis, it seems that we cannot merely rely on
the potential benefits expected from exercise training or CRF elevation to
effectively blunt the cerebral blood flow reduction along with aging process, and
alternative interventions (e.g. medication therapy) are certainly warranted.
Keywords: Exercise Training, Cerebral Blood flow, Healthy Subjects, Meta-
Analysis
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Fig 2. Forest plot of the changes in MCAv induced by Exercise training in all the
included studies (n=21)
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Fig 3- Funnel plot of the changes in MCAv induced by Exercise training vs. study
precision
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