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8- Lumen

9- Rearrangement of vessel wall components
10- Eutrophic inward remodeling

11- Wall:lumen ratio

12- functional rarefaction

13- structural rarefaction
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1- Microvascular rarefaction
2- microcirculation

W

4- Small resistance vessels
5- Inherent myogenic tone
6- Remodeling

7- Arterioles
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4- Sublingual and skin intravital video-microscopy

5- Capillary to Fiber Ratio
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1- positron emission tomography
2- single photon-emission computed tomography

3- Optical coherence tomography angiography
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3- vicious cycle
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1- Collaterals

2- is highly plastic
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1 Weighted mean differences

2 Leave one-out method
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1- shear stress
2- peroxisome proliferator-activated receptor gamma

coactivator 1-o (PGC1-a)
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1- high capillary density is largely connected to a high

aerobic energy turnover
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Overall Effect Size (MD) of Exercise Training on Skeletal Muscle Capillary to Fiber Ratio

Study name/intervention/Fiber Type age Health State sampling point Difference in
Difference means and 95% CI
Total in means p-Value

Cocks 2015 MICT Owverall Fibers 8 26 obese Vastus Lat 0.110 0.027
Cocks 2015 SIT Overall Fibers 8 24 obese Vastus Lat 0.310 0.000
Gavin 2007 Aerobic training Type | Fibers 8 64 aged men Vastus Lat 0.260 0.000
Gavin 2007 Aerobic training Type lla Fibers 8 64 aged men Vastus Lat 0.250 0.000
Gavin 2007 Aerobic training Type Ilb Fibers 8 64 aged men Vastus Lat 0.240 0.000
Gilemann 2014 Intense training Overall Fibers 13 65 aged men vastus Lat 0.300 0.000
Gliemann 2015 Aerobic training Overall Fibers 10 - Hypertensive vastus Lat 0.250 0.000
Mortensen 2019 Endurance trainning Overall Fibers 10 57 Diabetic type Il vastus Lat 0.100 0.276
Mortensen 2019 HIIT Overall Fibers 11 53 Diabetic type Il vastus Lat 0.030 0.733
Duscha 2011 HOME Exercise Overall Fibers 20 67 Prepheral Artrey Dieases gastrocnemius 0.100 0.474
Duscha 2011 Suprvised Exercise Overall Fibers 15 69 Prepheral Artrey Dieases gastrocnemius 0.320 0.047
Lampert 1998 Endurance training Overall Fibers 12 42 Hypertensive Quadriceps 0.110 0.282
Scott 2019 Home HIIT Overall Fibers 9 32 Mets obese adults with CVD risk 8 muscles 0.250 0.026
Scott 2019 Home HIIT Type | Fibers 9 32 Mets obese adults with CVD risk 8 muscles 0.230 0.101
Scott 2019 Home HIIT Type Il Fibers 9 32 Mets obese adults with CVD risk 8 muscles 0.230 0.056
Scott 2019 Home MICT Overall Fibers 13 38 Mets obese adults with CVD risk 8 muscles 0.360 0.000
Scott 2019 Home MICT Type | Fibers 13 38 Mets obese adults with CVD risk 8 muscles 0.320 0.001
Scott 2019 Home MICT Type Il Fibers 13 38 Mets obese adults with CVD risk 8 muscles 0.390 0.000
Scott 2019 Lab HIIT Type | Fibers 10 37 Mets obese adults with CVD risk 8 muscles 0.070 0.630
Scott 2019 Lab HIIT Type Il Fibers 10 37 Mets obese adults with CVD risk 8 muscles 0.220 0.130
Lepsen 2016 Endurace training Overall Fibers 15 60 COPD vastus Lat -0.030 0.828
Lepsen 2016 Resistance training Overall Fibers 15 65 COPD vastus Lat 0.010 0.909

0.216 0.000

-1.00 -0.50 0.00 0.50 1.00
_ —

Regression of age on Difference in means
0.40

0.35 @
0.30 —

0.25

0.20
0.15

0.10 — Q
0.05 — Q

O
0.00 Q Q

-0.05

Difference in means

-0.10 w w \ \ \ \ ; ; ‘
19.50 24.90 30.30 35.70 41.10 46.50 51.90 57.30 62.70 68.10 73.50

age
Sl c_\ul_\lqdes;ﬂm_jmdhuh);\jdﬁ\a_& -k

Jalail 8 53 Jsadi 3 ) ge AN (sla 3 50 3T e L (Dlae 5 4s Ky ga Cannd S puaad laa (p (Sisas Jlagei ¥ IS


https://doi.org/10.22124/jme.2024.27077.355

JME

https://jme.guilan.ac.ir/

https://doi.org/10.22124/jme.2024.26300.341

Voslad enssler dor NPT Ol 55l (o B50s Sl 5 5o 5 g aslibaiys 0L 5 I

SMae )3 oy g ladly 5l (S lade )
9 Vb g3 a8 b peie ag>lge s (g9,
B9 2l kb g YU 3 sl
el (Bee oy pled 0 SosS
GaSS ez Sl andl (0%) sl
YOV-NSN Y U I PUUWK g [ WRSVIR TN
09> gl b a8 Jsed 590 Sliins
Od ol 8 ateils 45 0 oais (5 S ol

Db e ool jo i valsl
ot sl o S5 ol S Wls Sgw |
ksl gl mls U5 e &5 ik
slayb 1l il 5l Jol> aalgd
Jol> 0sy e Llys jo Sl (Sdlae
ey i @S onl Cnlply el ouds
S)ls ad¥o g kel SosS 5o JB>
B3 ded oS slariw 251 s Sl
Ngd (ood 3,5 w>lg (lo) S 0SS
5 (Wb oo by b ol U3 4 e3)
are S eadi ByF ey 5l A5
Lyl s o as s oo JuSis |, Slopsd
S8 eolatwl 5,90 (SIple 5L il
2 el (See lpl (FY) 0,5
ety 3550 Slisios slo Sogej] 5l solaws
$9° SBz 1als et (8559 (nped e
0 ) ) oS SsS
IS Sl sl

(s Sz 50 Sz

(Sl alae o L(FY) 04l Gle> S
Slge 5 S CBln Slp SzsS G9e
ol gl Sl 5y g9 W5ls Coenl (e
et bl (1) siia Sge b 5
3,90 e 30 ooy 3550 Sl 0903
shlo b g (ol pol> Julolp o Joed
Vi o5 wogs Slplia ,las gla s ls
Wb Lo gl Canglie 31 Sl sl yls
el g s Loy 5o a5 35 0 L
5 Soe Sl Glas gla sl cuigid
o Sz S 3,0 Seelindgesn 5 JLdigall
SMae 3 SzsS Goe B el
Olyr Gl et 4 a5 9pd e SIS
Jod 5l Sojelensd slas e 4 e
397 Ol guadl i 5) gl 25 9 G559
(Gl (Bgye adolas 5 limme 51 6lyls
B9 3, 8es PLST Gl plis 095 0 y2ete
355 s Il gg3 ool 5l 0b Sos8
Bl plo 5 (Sl b 4 (gl 5
Gl S e S T e g Sy
5 S2s5 Boe S AalS 29 o0l
s g Vbl 550 S0 )3 (e Cunglie
S R R I T
Sz55 390 LS Sgnr o (2559
el (> g 09h o0 gl (Sl el
5o 1) Gl olas SasS B9e S
By il 1 i e IS (o0 e

1- vicious cycle
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4- functional sympatholysis

5- Denervation
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1- vasculogenesis

2- angiogenesis

3- vascular remodeling
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3- collateral arteries

4 - microvascular collaterals
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1- arterial insufficiency

2- collateral vessels
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Abstract

Introduction: Many diseases cause skeletal muscle microvascular rarefaction (MR) and the
quantitative determination of the effect size (ES) of exercise training on skeletal muscle capillary
to fiber ratio (C/F) can be useful in refining exercise prescriptions for susceptible population. The
aim of the present study was to determine the average ES of exercise training on skeletal muscle
C/f in patients disposed to MR. Methodology: A search for English articles was conducted in Web
of Science, Scopus, and PubMed databases without limiting the year of publication until February
2023. Weighted mean difference (WMD) with 95% confidence intervals was calculated using
random effect model. Correlation between variables was investigated using fixed effects model
meta-regression. Results: A summary ES achieved as WMD=0.21 (95% CI: 0.17 to 0.26) from the
results of 308 subjects, included in 22 exercise training interventions (p=0.014, 12=44.16). No
correlations were observed in between the changes in C/F and the age of subjects included in each
intervention based on action of the moment’s meta-regression model (r=-0.00, p=0.92, z=0.099).
Among the exercise duration categories, interventions less than 8 weeks (n=3) had the least ES on
C/F (WMD=0.18), while a WMD of 0.22 were determined for both of interventions with 8 weeks
(n=7) and more than 8 weeks duration (n=12) categories (z=9.68, p=0.001). Moreover,
interventions in HIIT and intensive aerobic exercise training category had greater ES (WMD=0.23)
compared to MICT and aerobic exercise training (WMD= 020) interventions (z=9.73, p=0.001).
Conclusions: Taken together, these findings propose that the beneficial effects of exercise training
on skeletal muscle microvascular density can ensue in susceptible patients regardless of their age,
and higher intensity as well as longer duration exercise programs should be emphasized. however,
more investigations remain to be done because of the lack of evidence in this area.

Key words: Exercise Training, Capillary Density, Meta-Analysis

1. Associate Professor, Department of Sport Sciences, Faculty of Education and Psychology, Azarbaijan Shahid
Madani University, Tabriz, Iran. 2. Assistance professor, Department of Sport Sciences, Faculty of humanities,
The University Of Hormozgan, Bandar Abbas, Iran 3. Associate Professor, Sport Sciences Research Institute,
Tehran, Iran

*Corresponding author: k.azali@azaruniv.ac.ir



mailto:k.azali@azaruniv.ac.ir

