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ABSTRACT

The purpose was to analyze the effects of exercise training (ET)
on arterial stiffness in all-age overweight or obese individuals.
Sixty-one trials were included with ET improving flow-mediat-
ed dilation (FMD), pulse wave velocity (PWV), and intima-
media thickness (IMT). In the subgroup analysis: (i) ET improved
FMD in overweight or obese children and adolescents with a
large effect size (SMD=0.83,95 % Cl 0.42-1.25). PWV was de-
creased after ET regardless of age. IMT was decreased by ET in
participants younger than 60, (ii) ET improved FMD, PWV, and
IMT in participants whose BMI were smaller than 30 kg/m?Z, but
ET only improved PWYV of participants whose BMI were larger
than 30 kg/m?2. (iii) AE improved FMD, PWYV, and IMT. High-in-
tensity interval training (HIIT) decreased IMT. (iv) The increase
of FMD only happened when training duration was longer than
eight weeks. However, ET decreased PWV when the training
duration was no longer than 12 weeks. IMT was decreased
when the training duration was longer than eight weeks. ET
instigated an improvement in endothelial function and arte-
rial stiffness in overweight or obese populations, but depending
on the different characteristics of exercise intervention and
participants’ demographics.

Introduction

Overweight and obesity are defined as abnormal or excessive fat
accumulation that may impair health. In 2016, more than 1.9 bil-
lion adults were overweight worldwide, of which over 650 million
were obese. Moreover, the prevalence of overweight or obese chil-
dren and adolescents increased more than four-fold, from 4 to 18 %
globally. Overweight and obesity are major risk factors for cardio-
vascular diseases and diabetes [1].
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Itis well established that obesity significantly increases the pro-
gression of atherosclerosis [2]. Endothelial dysfunction has been
identified as an early event that causes the development of ather-
osclerosis, followed by gradual remodeling of the arterial wall [3].
Therefore, the endothelial function, stiffness, and elasticity of ar-
teries can be used as important indicators to evaluate the progress
of atherosclerosis. Endothelial function can be quantified by flow-
mediated dilation (FMD). Vascular intima-media thickness (IMT)
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can be measured as a sign of vascular remodeling. It is considered
as an intermediate phenotype of atherosclerosis that is suitable in
large-scale population studies [4]. The assessment of pulse wave
velocity (PWV) is recommended as the “gold standard” measure-
ment of aortic stiffness. It is a simple, non-invasive and reproduc-
ible method. Sufficient clinical evidence supports the predictive
value of aortic stiffness for cardiovascular diseases [5].

Exercise training (ET) can help with weight loss. Its effect on de-
creasing arterial stiffness also attracts much attention. However,
the ET’s influences on the vascular structure and function for over-
weight or obese patients are still not determined. The meta-analy-
sis of Son et al. [6] reveals that exercise intervention programs sig-
nificantly improve FMD in overweight and obese adults, and their
effect may rely on the different characteristics of exercise interven-
tions and participants’ demographics. It was reported that arterial
stiffness did not lessen in middle-aged or older obese populations
in response to aerobic training [7]. Previous meta-analysis studies
have investigated the impact of exercises on FMD and IMT in obese
pediatric populations [8, 9], but not on all-age stage populations.
Itis not clear what kind of training protocol is more effective to im-
prove arterial stiffness. Moreover, training modality would be a key
factor thatinduced different results. It seemed that resistance train-
ing would not be an effective way to improve arterial stiffness [10].
Itis also unclear that whether a training duration threshold exists
at which an overweight or obese patient’s vascular function can be
improved.

Therefore, this systematic review and meta-analysis aimed to
summarize the effect of ET on arterial stiffness, assessed by FMD,
PWYV, and IMT, in all-age overweight or obese individuals.

Materials and Methods

We followed the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) as the protocol for designing this re-
view [11].

Search strategy and selection criteria

A systematic search of the literature was conducted using the bib-
liographic databases PubMed/Medline, Embase, and Web of Sci-
ence from theirinception to August 5, 2021. The search terms used

» o« » o«

were “exercise”, “training”, “physical activity”, “obesity”, “over-
weight”, “excess weight”, “BMI”, “body mass index”, “vascular
compliance”, “vascular stiffness”, “arteriosclerosis”, “flow mediat-
ed dilation”, “FMD”, “homa”, “pulse wave velocity”, “PWV”, “inti-
ma media thickness” and “IMT”. We looked for research with
human participants and restricted the language to English. Refer-
ence lists of the included studies were also searched as an addition-

al check for further studies that could be included in the review.

» o« » o«

Inclusion criteria

Studies were selected for review if they met the following criteria:
(1) they were randomized controlled trials (RCTs) or non-RCTs; (2)
participants were overweight or obese but had no other complica-
tions; (3) participants were intervened for a period of longer than
two weeks’ ET with a clear protocol; (4) FMD or PWV or IMT were
measured to assess vascular function; and (5) results were demon-
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strated with a mean and standard deviation (SD) or standard error
of the mean (SEM), both before and after ET.

Study selection and data extraction

Two reviewers extracted the data independently using a standard-
ized Excel template. Disagreements were resolved through discus-
sion between the two reviewers, with a third reviewer stepping in
if the first two reviewers could not agree. Extracted data included
the author’s last name, year of publication, participants’ charac-
teristics (age, sex, weight, and BMI), criteria of overweight or obe-
sity, exercise prescriptions (intensity, frequency, type, session time,
and duration), and outcomes (body composition, blood pressure,
glycemia, blood lipids, exercise capacity, and vascular function out-
comes). If any included study did not provide relevant information,
the corresponding author was contacted and asked to provide the
data by email.

Study quality and reporting

Two reviewers independently assessed the identified articles using
the ‘Tool for assessment of study quality and reporting in exercise’
(TESTET) scale, which consists of 5 available points for study qual-
ity and 10 for study reporting [12]. Higher scores represent better
study quality and reporting. Disagreements in scores between the
two reviewers were resolved by discussion with a third party.

Data analysis

Analyses were carried out using STATA 16.0 to measure the be-
tween-trial standardized mean difference (SMD) and 95 % confi-
dence intervals (95 % Cl). The effect size (ES) of SMD was classified
as large (>0.8), moderate (0.5-0.8), small (0.2-0.5), or trivial
(<0.2). Studies were eliminated if they indicated potential bias.
Heterogeneity for the between-study association was evaluated
using the |2 statistic. Regarding statistical significance for 12, values
of 25 to <50 % were considered low heterogeneity, 50 to<75%
moderate heterogeneity, and>75 % high heterogeneity. Testing
foran overall effect (Z score) was significant when p<0.05. The ran-
domized effect model was used when heterogeneity was moder-
ate or high, and the fixed-effect model was used when heteroge-
neity was low. Publication bias was assessed by examining the
asymmetry of the funnel plots using the Egger’s test. A sensitivity
analysis was conducted to test the robustness of the overall SMD
by extracting results for the first time point available after the in-
tervention ended. To examine possible variables that may have af-
fected training effectiveness, subgroup analyses were also per-
formed based on participants’ age, health status, training intensi-
ty, and duration. We also analyzed the effect of ET on BMI if it was
reported in the studies included.

Results

Study selection

The literature search strategy is outlined in > Fig. 1. Our initial da-
tabase search identified 8,316 potentially eligible articles, with a
further three identified through manual search. Following the
screening of titles and abstracts, 7,537 articles were excluded,
based on the inclusion criteria. The remaining 99 papers under-
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> Fig. 1 PRISMA flow diagram of the study selection process [11].

went full-text screening, after which 60 further studies were ex-
cluded. The final analysis included a total number of 61 trials in 39
studies.

Characteristics of included studies

The included studies evaluated a total of 1,245 participants of both
genders. Participants’ mean age ranged from 8.9 years to 73.5
years. Twenty-three trials focused on children and adolescents, and
38 trials included adult participants. Overweight or obesity was de-
fined by BMI or percentile or waist circumference or the percent-
age of body fat. Aerobic exercise (AE), resistance training (RT), high-
intensity interval training (HIIT), and combined training protocols
were conducted. The training duration ranged from 6 to 48 weeks.
Details can be seenin » Table 1.

Study quality and reporting

» Table 3 includes an overview of the scores assessed with TESTET.
Median values regarding criteria matching were three (1-3) for
study quality and eight (6-9) for study reporting. The overall me-
dian scoreis 11 out of 15 possible points. The lowest scoring study
scored 7, with the highest scoring 12. Studies scored highly for el-
igibility criteria specified, intention-to-treat analysis, between-
group statistical comparisons of the primary outcome, measures
and variability, intensity control, and report of ET parameters. In
contrast, studies scored poorly for the specification of the randomi-
zation procedure as well as blinding of participants and assessors.

The effect of exercise on FMD

Comparisonsin 12 trials included data for conducting a meta-analy-
sis of FMD. The pooled SMD estimate showed high heterogeneity
(P=70.85%, p=0.00). Accordingly, randomized-effect models were
applied for further meta-analysis. Results represented that the FMD

998

was increased by ET with a moderate ES (SMD=0.67,95 % Cl=0.32-
1.02, » Fig 2a). The funnel plot was symmetrical (> Fig. 2b), indi-
cating little publication bias risk detected for the effect of ET on
FMD.

The effect of exercise on PWV

Comparisons in 23 trials included data for conducting a meta-anal-
ysis of PWV. The pooled SMD estimate showed low heterogeneity
(P=5.41%, p=0.37). Accordingly, fixed-effect models were applied
for further meta-analysis. Results represented that the PWV was
significantly decreased by ET with a small ES (SMD=-0.19,95%
Cl=-0.29 to -0.1, » Fig. 3a). The funnel plot was symmetrical
(> Fig. 3b). This means there was little publication bias risk detect-
ed for the effect of ET on PWV.

The effect of exercise on IMT

Comparisons in 12 trials included data for conducting a meta-anal-
ysis of IMT. The pooled SMD estimate showed low heterogeneity
(P=45.79%, p=0.02). Accordingly, fixed-effect models were ap-
plied for further meta-analysis. Results represented that the IMT
was significantly decreased by ET with a small ES (SMD=-0.26,95%
Cl=-0.43 to -0.13, » Fig. 4a). The funnel plot was symmetrical
(> Fig. 4b). This means there was little publication bias risk detect-
ed for the effect of ET on IMT.

Subgroup analysis

Age

We conducted a subgroup analysis according to participants’ age
(adolescent, adult, and aged) to determine whether endothelial
function and arterial stiffness response to ET differed according to
this factor (See » Table 2). ET improved FMD in children and ado-
lescents who were overweight or obese with alarge ES (SMD=0.83,
95% C10.42 to 1.25. » Table 2). In contrast, the FMD in adult par-
ticipants ranged from 18 to 60 did not change after ET (SMD=0.38,
95% Cl -0.23 to 0.99; » Table 2). PWV was decreased after ET in
each subgroup regardless of age. IMT decreased after ET in partic-
ipants younger than 60, but the ES in the aged subgroup was not
significant (SMD=-0.18, 95 % Cl -0.59 to 0.22; » Table 2).

BMI

The level of obesity would be a potential factor that induced the
training effect. We compared the effect according to participants’
BMI (<30kg/m2 and>30kg/m2). BMI in both subgroups was de-
creased by ET (BMI<30kg/m2 MD=-0.55kg/m295% Cl -0.87 to
-0.24; BMI>30kg/m2 MD =-1.04kg/m?2 95 % Cl —1.59 to —0.49.),
and the mean difference s larger in participants whose BMI was less
than 30kg/m?2 (see Supplementary figure » Fig. 5). ET increased
FMD and decreased PWV and IMT in participants whose BMI was
less than 30 kg/m? (see > Table 2). The PWV of participants whose
BMI was larger than 30 kg/m? was decreased after ET, but the FMD
and IMT did no change after ET (see > Table 2).

Training modality

According to the scheme of ET, we divided the training modality
into AE, RT, HIIT, and combined training subgroups. AE training can
improve FMD, PWYV, and IMT (see » Table 2). IMT was decreased
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> Fig. 2 a. Forest plot of meta-analysis of ET on FMD. The dotted line represents the mean treatment effect and the diamond represents the overall
treatment effect and 95 % confidence interval (Cl). b. Funnel plot for FMD including 95% Cl lines. The vertical line represents zero size. SMD repre-
sents the standard mean difference.
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> Fig. 3 a. Forest plot of meta-analysis of ET on PWV. The dotted line represents the mean treatment effect while the diamond represents the

Pseudo 95% Cl ® Studies
Estimated 6,

overall treatment effect and 95 % confidence interval (Cl). b. Funnel plot for PWV including 95 % Cl lines. The vertical line represents zero size. SMD

represents the standard mean difference.

after HIIT training. However, there was no change of FMD, PWV,

and IMT after RT and combined training (see » Table 2).

Training duration

The change of vascular function and structure would be the cumu-
lative effect of exercise training. Thus, we analyzed the results ac-
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> Fig. 4 a. Forest plot of meta-analysis of ET on IMT. The dotted line represents the mean treatment effect and the diamond represents the overall
treatment effect and 95 % confidence interval (Cl). b. Funnel plot for IMT including 95 % Cl lines. The vertical line represents zero size. SMD represents
the standard mean difference.
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> Table 2 Results of subgroup meta-analysis.

Gong L, Liu Y. Effect of Exercise Training... Int] Sports Med 2022; 43: 996-1012 | © 2022. The Author(s)

< N — s = nfen|o
X = © 0N © o~
= — ~ n|lo|lnN m|m |0
o vlo|lo|< o|lojlV|lmMm[L| I |V|—|<
0| = ) ~N | m
el ~m < -2
ojlo|N|o Dol |V|o|T|o|o|m
HERRIE =izl (el ||z
AEEbdE il v Dt el I e L B
) mlo|la|— NMEIRIRE AR d N A W]
B Tl |~ NS (eI X
n o|lo|o|o S|lo|loc|lo|~|~|c|o|o
o e [ e el e e
ola|w|o N[ |oo|w|o|lo|S| ]|
[=] NS (= [® NI |=|(¥ NN
s o|lo|o|o o|lo|loc|o|oc|o|o|o|o
@ RN e e e e e
—
o
T w
£ g
£ T
E:E— <) ~
S|I20n|— | |N|— ~Nlo|lmlonln|—|loa|~|—
oy N | m ® | o
R ==~ P S|¢ i~
bl N|S|m ™ S| o <
o o|l—|<F|m o|lv|lo|lo|©|m|o|o|wn
mo|~|a < | [CERY] o
elele|= Q= == —
c|lo|lo|o o|lo|lwn|jvw|lvo|oc|lo|wvw|co
RN N == e
— IR RIS R
) Nl—|m|o olmfnlm|la(Nn|s| =]
2 M| NN N MmN
n o|lo|o|o So|lo|loc|o|oc|oc|oc|lo|o
> | o e [ e el e e
o
|| o|n oo N[t |o|m|o
[a] bt Bl A DA oV |ININZ|=
s o|lo|o|o o|lo|S|o|oc|oc|oc|o|o
@ e [ sl e[
—
=}
T w
£ 9
ET
S 2|<|m " n | — <|o =)
2 An|—|N|m|— N|N[~N|o S| —[N|O|T
< M| o ) njnf~N~ln|~folo|s|wn
R I=l2 = S| s |RIN|R|S|C |
= — |~ < MmiNfofmNn|O|xo|x|O
o ~| ~ Olo|—|w|w|[|~N|O|N~
(e} wliun|—|nr~
n|( D — Lo |Y Y[ R®R|o|~|o
it =1 el el Bl B A A RS
@) T ™ in T[T |lo|m|o|la| TV T
2 ~ | N o)) |l [N |MC[m|v|~N
n S| e ~m S|Mmio|e|olo|— | |mM
Qlo S|l |o [ =2 I O O I O O IR I I =)
=
[
[=] M| oo n mlaofmfo|lNn|[m|~|O|
= x|™m < D A R A N R B R
) olo| 1 |o o|lo|loc|o|oc|o|o|—|o
-
o
g w
2 2
ES
E] N
2 a|lo 1 [ o0 ~NIiN[N|N[S| o[l N~
~N
0 | —
ViV~
2 c|lc|—
lelw olofla
3| == 2 ®|®|5
ol Y = =l =|.8
o 81> B S| 3|5
=l Tlo|o o El—-|B|O| @
1|0 |9 ™ Mlwu|l—|o|l=|Vv|Vv]3
~|— | AV ANMN<<|lx|lUO[ZT|lo|lw|O
w
2, 2 -
] = <
c 3 ]
© &~ s
o £ £ =
3 —= o c
o =)l = (=] —
< = £ = T
2 e = £ 2 o]
E] =) = © F] >
w0 < =2 = [a] o

cording to training duration. The increase of FMD happened only
when the training duration was longer than eight weeks (see » Table
2). However, ET decreased PWV when the training duration was no
longer than 12 weeks (see > Table 2). IMT was decreased when the
training duration was longer than eight weeks, but only one study
measured IMT was included in the subgroup whose training dura-
tion was shorter than eight weeks (see > Table 2).

Discussion

The main finding of this meta-analysis, which included 1,245 over-
weight and obese patients, was that ET could improve endothelial
function and arterial stiffness in overweight or obese populations
as measured by FMD, PWV, and IMT. However, the ET effect may
depend on the different characteristics of exercise intervention and
participants’ demographics. Subgroup analyses revealed that en-
dothelial function and arterial stiffness in overweight or obese chil-
dren and adolescents could be improved by ET, but the effect of
FMD in adults and IMT in aged adults was insignificant. ET improved
endothelial function and arterial stiffness for those with a BMI less
than 30, whereas FMD and IMT did not change after ET in partici-
pants whose BMI was larger than 30. AE was an effective modality
inimproving and remodeling vascular function. In contrast, RT did
not improve endothelial function and arterial stiffness. PWV may
react early to ET when training duration ranged from 6 to 12 weeks,
while the improvement diminished when duration was longer than
12 weeks. The improvement of FMD and IMT induced by ET might
have a threshold if the training duration was no less than eight
weeks.

Our results demonstrated that exercise benefited overweight
and obese populations by improving endothelial function and ar-
terial stiffness in exercise intervention studies. Obesity is a risk fac-
tor for endothelial dysfunction, and the mechanism may increase
inflammation and decrease NO bioavailability in adipose tissue
[13]. It was reported thata 1 % increase in FMD was associated with
a 13% decrease in cardiovascular events for adults [14]. Dias et al.
[8] found the improvement effect of ET on FMD in child obesity,
which was consistent with this meta-analysis. Son et al. [6] revealed
that ET increased FMD in obese adults, contrasting with our results
that showed that ET did not change FMD in overweight or obese
adults. The reason for this inconsistency probably was the differ-
ence in the inclusion criteria. We excluded studies that included
obese patients who had other chronic complications.

The overall results indicated that ET decreased arterial stiffness
as measured by PWV and IMT. Montero et al. [7] revealed that ar-
terial stiffness was generally not reduced in middle-aged and older
obese populations when responding to aerobic training. However,
the parameters included measuring arterial stiffness were differ-
ent. Our result indicated that ET had a significant beneficial effect
on PWV with low heterogeneity. The decreasing effect was also dis-
covered in healthy participants after ET [15, 16]. Thus, PWV would
be a sensitive indicator for the reaction to ET, whereas it seems that
the effect of ET on IMT depended on participants’ age. A meta-analy-
sis revealed that the effects of aerobic endurance exercise on IMT
did not show any statistical significance in healthy adults [15]. The
decrease of IMT was proved in obese children and adolescents
[9,17]. In this meta-analysis, ET improved IMT in overweight or
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obese participants who were younger than 60 years, but the effect
was insignificant in aged participants.

We speculate that the response of the vascular structure to ET
was blunt in aged overweight or obese populations. Compared with
obese or overweight children whose baseline age was 13.0 years
old, the age of the obese or overweight was 42.8 years. In young
individuals, arteries tend to be more elastic [18]. The aging pro-
cess, oxidative stress, production of free radicals, neuroendocrine
changes and genetic predisposition contribute to the increase of
wall diameter, vascular calcification, and elasticity loss, leading to
collagen deposition and elastin fragmentation in the media layer,
and subsequently lead to myocyte proliferation and vascular stiff-
ness [19]. Thus, obesity and aging were factors inducing vascular
dysfunction and stiffness together. Importantly, compensation of
vascular structure may occur in overweight and obese youth [20],
however vascular plasticity was attenuated in older people in re-
sponse to exercise training [21], especially for central cardiovascu-
lar plasticity [22]. The potential mechanisms were blunted NO sign-
aling and age-related pro-/antioxidant imbalance [23, 24].

The benefit for vascular function and structure induced by ET
depended on the level of obesity [25, 26]. Though ET decreased
BMI no matter whether participants’ BMI was larger than 30 kg/m?,
ET did not change FMD and IMT in participants whose BMI was larg-
er than 30kg/m2. The progress of atherosclerosis was highly asso-
ciated with BMI, and an adverse long-term adiposity status change
was more prominently related to advanced subclinical atheroscle-
rosis [25]. Endothelial dysfunction was also linked with obesity [26].
The development of atherosclerosis would attend the accumula-
tion of obesity. A higher BMI would be a long-term accumulation
of weight gain and subsequently induce the development of vas-
cular dysfunction and arterial structure remodeling. Vascular func-
tion improved by ET immediately, but endothelial function and ar-
terial structural remodeling was difficult to reverse by a short-term
ET. Therefore, the difficulty of reversing vascular remodeling in-
duced by ET was related to obesity development.

Training modality is a key factor that induces different training
effects. AEimproved FMD, PWV, and IMT. HIIT only decreased IMT
to reverse vascular remodeling. However, RT and combined train-
ing did not affect all three indicators. The effectiveness of RT on
vascular function was consistent with previous studies. Ashor et al.
found that RT and combined exercise had no effect on PWV in
healthy participants [16]. Ceciliato et al. [10] reported that RT did
not elicit changes in arterial stiffness in healthy subjects. An insig-
nificant effect of FMD intervened by RT was also reported in over-
weight and obese adults [6]. Conclusively, AE was a good modality
toimprove atherosclerosis, while RT and combined training did not
improve vascular function and structure in overweight or obese
patients.

The reaction of endothelial function and stiffness to ET varied
by training duration. Kobayashi et al. [27] indicated that regular
aerobic exercise reduced arterial stiffness in healthy participants
regardless of the intensity or duration of aerobic exercise. Howev-
er, a meta-analysis revealed that arterial stiffness improved by aer-
obic exercise training required a prolonged duration in pre- and hy-
pertensive subjects [28]. The health status would be the reason for
the declined reaction of FMD and IMT to ET in the early training
stage. In this meta-analysis study, PWV reacted early to ET when
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training duration ranged from 6 to 12 weeks, while the improve-
ment diminished when duration was longer than 12 weeks. The
improvement of FMD and IMT induced by ET may have a threshold
on which training duration was no less than eight weeks. The vas-
cular function and structure did not react in a synchronized man-
ner to pathological intervention or exercise. Endothelial cells could
sense shear stress, and release nitric oxide, which lowers the active
tone of VSMCs, leading to (flow-mediated) vessel dilation to coun-
teract the initial increase in wall shear stress [29]. When the vessel
wall is continuously exposed to pathological signals, the biome-
chanical and biochemical stressors elicit functional and adaptive
responses. Long-term changes in wall shear stress provoke diam-
eter adaptation [30]. Wall thickness changes are seen in response
to increased wall stress (or wall tension), due to high blood pres-
sure [31]. Thus, the structure remodeling was later than vascular
function. Meanwhile, vascular function changed immediately after
exercise. Repeated episodic bouts of exercise induce chronic func-
tional adaptation and ultimately structural arterial remodeling [32].
Therefore, PWV was improved after shorter training duration, but
the improvement of FMD and IMT needed a longer training dura-
tion. Training intensity may also be a factor in interpreting the train-
ing result, but the intensity had high heterogeneity among studies
included in this meta-analysis. The effect of different categories of
training intensity on vascular function and arterial stiffness of train-
ing intensity needs to be investigated.

Limitations

This study has some limitations. Training intensity was a potential
factor to affect the training effect. Since studies included in this re-
view had high heterogeneity, we did not perform subgroup analy-
sis according to training intensity categories. Methodological dif-
ferences and confounding factors of selected studies were unavoid-
able, so SMD was chosen instead of the mean difference. Thus, we
are unable to compare and evaluate the subgroup results quanti-
tatively. We excluded the studies that intervened by combined diet
invention and recruited participants who had more complications.
Network meta-analysis is needed to interpret the training effect
comprehensively.

Conclusion

ET canimprove overweight or obese populations’ endothelial func-
tion and arterial stiffness based on FMD, PWV, and IMT measure-
ment. However, ET effect may depend on the different character-
istics of exercise intervention and participants’ demographics. The
improvement of endothelial function and arterial stiffness induced
by ET was effective in overweight or obese children and adolescents
and participants whose BMI was less than 30. AE was an effective
modality to improve vascular function and remodeling. The im-
provement of FMD and IMT induced by ET may have a threshold
that requires a training duration of fewer than eight weeks.
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