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Effects of Exercise on Endothelial Progenitor Cells
in Cardiovascular Disease Patients: A Systematic Review
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Abstract In this study, we performed a systematic review and meta-analysis to identify the effects of exercise on
endothelial progenitor cells (EPCs) in patients with cardiovascular disease (CVD). We conducted database searches
(Cochrane Library, PubMed, EMBASE, ScienceDirect, CINAHL, Scopus, KoreaMed, KISS, RISS, KMBASE) for the
effect of exercise on cardiovascular disease, using heart disease, coronary artery disease, heart failure, cardiovascular
disease, exercise, motor activity, rehabilitation, and endothelial progenitor cells as the keywords. Of the 539 studies
identified, 9 met the inclusion and exclusion criteria. Comprehensive Meta-Analysis version 2.0 was used to analyze
the effect size and the publication bias was checked with a funnel plot. Exercise was found to improve the VEGF
(vascular endothelial growth factor), CD34+KDR+, and endothelial function, assessed via FMD (flow-mediated
dilation), in the exercise vs. control groups, viz. 2.008 (95% CI 0.204-3.812), 1.399 (95% CI 0.310-2.489), and 1.881
(95% CI 0.848-2.914), respectively. Exercise improved the VEGF, number of EPCs, and endothelial function in the
CVD patients. Considering the increasing prevalence and mortality rates for cardiovascular disease in Korea, the
findings of this study that analyzed the effects of exercise on EPCs might provide guidelines for planning exercise
interventions for patients with CVD.
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FQIZHVEGF, endothelial growth
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Total 539 records identified through database searching
From COCHRANE(n=24), PUBMED(n=77),
EMBASE(n=194), SCIENCEDIRECT(n=30),
CINHAL(n=8), SCOPUS(n=201), KOREAMED(n=1),
RISS (n=3), and KMBASE (n=1)

L

304 records screened after
duplicates removed

281 studies excluded
by the title & abstract

I

)

review with the

reasons as follows;
«  Non-relevant studies (n=174)

304 records screened

Unavailable for full-texts
(n=34)

Non-English (n=4)

Ineligible participants (n=15)

A

Non-experimental studies
(n=47)

Ineligible intervention (n=5)
Ineligible outcomes (n=2)

23 full-text articles assessed
for eligibility

14 studies excluded by
—>{ full-text review with

the reasons as follows;

+ No control group (n=9)
Ineligible control groups (n=2)
Improper intervention (n=1)
Ineligible statistical
information (=2)

9 studies included in
qualitative synthesis

l

9 studies included in
quantitative synthesis

{ INCLUDED ] { ELIGIBILITY ] [ SCREENING J [IDENTIFICATIONJ

Fig. 1. Flow diagram of study selection
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Table 1. Descriptive Summary of Included Studies
Author B, Con Study ~ Follow  Client Intervention for Intervention Main resuls
(year) N Age N Age design up base experimental group for VEGF. EPCs, and FMD
(y15) (y15) control group > S, an
Length: 12wks no formal VEFG
1. Eleuteri Frequency: 5 sessions/wk training TEPC
et al. 11 66£2 10 632 RCT  12wks CHF  Session duration: 30 mins protocol (CD45dimCD34+/KDR+,
(2013) [8] Mode: aerobic training (cycle ergometry) (normal life p=.025)
Intensity: 60rev/min activities) TEMD (p=.03)
Length: 12wks
2 b e o S TERCs (CD34+KDRY,
al. 17 6011 17 RCT  12wks CHF L . sedentary p=014 & CD34+, p=.032)
2010) [23] 10 Mod:c: exer.mse Frammg (blcycleuergometers) + FEMD (p<001)
walking, calisthenics & noncompetitive ball games
Intensity: 60% of VO2max
e Length: 12wks not undergoing
3 (e}f%;fxrdl 1 59.5+ 10 654+ RCT  Dwks  CAD Frequency: 3 sessions/wk programmed TVEGF (p=007)
(2016) [24] 28 1.6 Mode: rehabilitation program with three exercise physical <EPCs (CD309+)
bouts activity
Length: 6wks
Frequency: 3 sessions/wk + 2 sets
4. Hansen 6042 s80% Session duration: 40 mins + 12-20 repetition aerobic <EPCs (CD34+VEGFR2+
et al. 22 8..9 25 7:2 RCT 6wks CAD Mode: acrobic endurance training + additional endurance &
(2011) [25] resistance training training CD34+CDI133+VEGFR2+)
Intensity: 65% of VO2 peak + 65% of IRM, 12
repetition
Length: 8wks
S Luk et Freqluency: 3'sessions/w./k health. <EPC (CD34+@R+)
o n 67.7+ n 66.6= RCT gwks  CAD Session dura?lon: SO.mlns . educatloln and 1 FMD (exercise effect
2012) [26] 9.0 79 Mode: exercise training (endurance and resistance ~counselling 1.84%, 95%CI 1.39-2.68,
exercise) classes p=0.002)
Intensity: until 180% of maximal HR
TVEFG (p<.05)
6-1. Sandri TEPCs (CD34+/KDR+,
et al. 15 <55 15 <S55 RCT d4wks CHF Length: 4wks p<05 & CDI33+/KDR+,
@016) 27] Frequency: 4 sessions/wk + 1 session/wk p<.05)
Session duration: 25-30 mins  + 60 mins 1 dlini 1 FMD
Mode: aerobic exercise training (bicycle ergometer) usuat chinie
+ walking, calisthenics & ball games care TVEFG (p<05)
6-2. Sandri Intensity: 70% of the symptom-limited maximum TEPCs (CD34+/KDR+,
et al. 15 =65 15 =65 RCT  4wks CHF oxygen uptake p<.05 & CDI33+/KDR+,
(2016) [27] p<.05)
T FMD (p<.05)
Length: 12wks <VEGF (p=3)
7. Steiner 5o Frequency: 3 sessions/wk + 2 sessions/wk T or —EPCs
et al. 20 50£10 20 10 NRCT 12wks CAD  Session duration: 30-60mins sedentary (CD34/KDR/CD133,
(2005) [28] Mode: continuous aerobic exercise + endurance p<.001 & CD34+, p=4)
running sessions TEMD (p=107)
Length: 24wks
8. Van Freqluency: 3'sessions/w./k . <EPCs (CD34+/KDR,
Craenenbro 21 61.3+ 17 634+ NRCT  24wks  CHF Session duration: 60 mins non-trained CD344)
eck et al. 22 3.0 Mode: graded exercise testing (GXT) (sedentary) *FMD
(2010) [29] Intensity:  90% of HF at the respiratory
compensation point
9. Van llslre:qgtu}ell;clf‘gkssessions/wk L «<EPC
Craenenbro o 399500 ST per owks CAD  Session duration: 47 mins aerobic interval 2 DRYCDASim)
eck et al. 92 88 ) . . training
Mode: aerobic continuous training TFMD

(2015) [30]

Intensity: 70-75% peak HR
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SEZA T A= B Aol FA) 2
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CD133+KDR+, CD45+CD34+KDR+, CD34+CDI133+
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R[8] T2 13| AtolA =
ghol 71&5]o] A FoH28], WEREA
378 E3e19itH24,27]. S
7)o sl &
Green[17]°] AAeH=
heterogeneity: 60% ©]74)<]
UTHI’=90.821%, Q=21.789, p<.001).
A 7+ ZEHAVF AR vERR 7
Hedges’'g®] B ¥4V AFRIS o, 2.008
(95%CIL: 0.204-3.812)% YE}SITHFig. 3(a)). Cohen[22]
o] A FHEFE EE UIE YeERE Blug
o] Fito] 50%Y vl AFHE] i vy ee]
97.77%¢ll

1=}
24

~—

Table 2. Quality Assessment of Non-Randomized
Controlled Trials, NRCTs

Study 1Dy 7. Steiner 8. Van
et al. Craenenbroeck et al.

Ttems (2005) (2010)
A stated aim of the study 2 2
Inclusion of consecutive 5 5
patients
Prospective collection of data 2 2
Endpoint appropriate to the 5 5
study aim
Unbiased evaluation of 0 0
endpoints
Follow-up period appropriate 0 0
to the major endpoint
Loss to follow up not ) 0
exceeding 5%
A control group having the

. - 2 2
gold standard intervention
Contemporary groups 2 2
Baseline equivalence of N N
groups
Prospective calculation of the 0 0
sample size
Statistical analyses adapted t ) )
the study design
Global score 18 16

O(not reported), 1(reported but adequate), 2(reported)

3.3.2 CD34+KDR+
$EZA st CD34+KDR+= 5389 234 6

A SAEJ023,25-27,29], 17| AyollA 2+
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F AAN 2dnE

of Ag A5 AF ko] 71Eso] JA FoH23], Wl EFHAV|E Hedges'g®l HwaHAV|E AHE A,
EHEA o= 47 B3, 5SS E3HEFTH25-27,29] 1.399(95%CI: 0.310-2.489)% EFHTHFig. 3(b)).
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Fig. 2. Risk of bias for included study (a) Risk of bias graph: review authors' judgements about each risk of bias item
presented as percentages across all included studies. (b) Risk of bias summary: review authors' judgements about
each risk of bias item for each included study.
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Fig. 3. Forest plots of the effects of exercise on EPCs (random-effects model) (a) The effect of exercise on VEGF (b) The
effect of exercise on CD34+KDR+ (c) The effect of exercise on FMD
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