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Abstract - Aim: As individuals age, mechanisms regulating endothelial function can deteriorate, leading to increased
arterial stiffness, a key factor associated with cardiovascular events. Methods: This systematic review examines the
impact of various types and intensities of physical exercise programs on arterial stiffness in older adults (> 60 years),
based on findings from experimental studies conducted between 2010 and 2024. We searched for studies in both Portu-
guese and English using Scopus (Elsevier), Google Scholar, and Medline (PubMed) with MeSH terms, including “aero-
bic training”, “resistance training”, “arterial stiffness”, “pulse wave velocity”, “exercise benefits”, and “aging”.
Results: Out of 35 studies identified, 16 met the inclusion criteria and were categorized as aerobic training (9 studies),
resistance training (3 studies), or combined aerobic + resistance training (4 studies). Conclusion: Aerobic exercise
(regardless of intensity), resistance exercise (low to moderate intensity), and combined training programs (any intensity)
have significant effects on reducing arterial stiffness in adults aged 60 years and older. Nonetheless, further research is

DOI: http://dx.doi.org/10.5016/s1980-6574e10258918

needed to clarify these effects in aging populations.

Keywords: older, acrobic exercise, resistance exercise, combined exercise, pulse wave velocity, arterial stiffness.

Introduction

The global population is undergoing significant aging,
with projections estimating that by 2030, individuals aged
60 and older will represent over 25% of the global
population'. As the population ages, the prevalence of
chronic diseases, including cardiovascular diseases,
increases, strongly influenced by lifestyle factors®. In
addition, the global prevalence of insufficient physical
activity has increased during the last decades from 23.4%
in 2000 to 31.3% in 2022°. The population aged 60 years
and older is the most affected, especially in the Latin
America and Caribbean region, which may compromise
the 2030 target of the World Health Organization (WHO)
Global Action Plan for Physical Activity'=.

With advancing age, arterial stiffness increases, and
this increase is a major risk marker for cardiovascular dis-
eases”. Endothelial dysfunction, characterized by a loss of
vascular tone regulation and an increase in inflammatory

responses, is one of the underlying processes that con-
tribute to cardiovascular events®’. In this context, physi-
cal exercise programs have been considered essential in
the nonpharmacological management of cardiovascular
diseases, providing benefits such as improved insulin
resistance, lipid profile, blood pressure, neurocognitive
function, and functional capacity, which contribute to
healthier and more active aging™”.

Regular physical exercise increases blood flow and
shear stress on arterial walls, thereby improving vascular
homeostasis through greater nitric oxide availability and
oxygen supply to the endothelium'®. Evidence demon-
strates the benefits of aerobic, resistance, and combined
(aerobic + resistance) training programs on cardiovascular
function, particularly in reducing arterial stiffness''"'.
Thus, the objective of this systematic review was to inves-
tigate the effects of different modalities and intensities of
physical exercise programs on arterial stiffness in older
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adults, based on experimental studies conducted between
2010 and 2024.

Methods

Research strategy and study selection

This systematic review was conducted in six distinct
stages: 1) defining the research question; 2) selecting data-
bases (along with establishing inclusion and exclusion cri-
teria); 3) identifying priority data for analysis; 4) conduct-
ing a refined evaluation of the selected studies; 5) analyz-
ing the results; and 6) synthesizing the findings of the
review'>.

To guide the development of this review, the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines'* were used, and to better
delineate the research question, the Population, Interest,
and Context (PICo) strategy was applied'*. Accordingly,
the following strategy was developed for the research
question: P - aging; I - acrobic and/or resistance exercise
interventions and/or combined exercises; Co - changes in
arterial stiffness. This review aimed to examine whether
physical exercise (acute or chronic aerobic, resistance, or
combined, regardless of its intensity) is effective in mod-
ifying cardiovascular mechanisms related to arterial stiff-
ness in the aging process.

The literature search was conducted between April
and October 2024 by two independent authors (VTA and
BF). The following electronic databases were consulted:
Scopus (Elsevier), Google Scholar, Medical Literature
Analysis and Retrieval System Online (MEDLINE, acces-
sed via the PubMed portal), and scientific articles pub-
lished from January 2010 to October 2024 were con-
sidered for screening. Keywords in Portuguese and
English were selected based on Medical Subject Headings
(MeSH) descriptors, and the Boolean search syntax used
was: aerobic exercise (exercicio aerobio) “OR” resistance
exercise (exercicio resistido) “AND” arterial stiffness
(rigidez arterial) “OR” pulse wave velocity (PWV/VOP)
“OR” benefits of exercise (beneficios do exercicio)
“AND” aging (envelhecimento). The sequence for study
selection was as follows: 1) search by keywords and
selection based on title relevance; 2) abstract review;
3) full-text review; and 4) final selection of studies for
review.

Inclusion and exclusion criteria

For selection, experimental studies were required to
achieve a score of > 6 points on the Physiotherapy Evi-
dence Database (PEDro) scale'” (see Table 1).

The following inclusion criteria were applied: 1)
Population: older adults (aged 60 years and older) with or
without comorbidities; 2) Intervention: acrobic, resistance,
and combined (aerobic + resistance) exercise; 3) Out-
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come: measurement of arterial stiffness before and after
exercise interventions or comparison between groups;
4) Study Design: randomized controlled trials and cohort
(longitudinal) studies.

The studies were reviewed and approved by two
independent evaluators (VTA and BF). In cases of dis-
agreement, a third evaluator (EGC) was consulted to reach
a consensus. Studies were excluded if they were research
projects, review articles (including systematic reviews and
meta-analyses), experimental studies involving animals,
studies involving participants younger than 60 years, or
studies lacking arterial stiffness assessment.

Data analysis

The results of this systematic review are presented
descriptively and qualitatively (for example, means and
standard deviations). The summaries of the data are pre-
sented as tables and figures to facilitate comparison and
interpretation.

Results

Electronic searches identified 17,533 articles. After
screening by title and abstract, 56 articles were selected, of
which 20 duplicates were removed. The full-text screening
identified 56 articles, of which 19 were excluded because
they were book chapters, systematic reviews, meta-ana-
lyses, or other types of study (thesis, dissertation or
research project). Ultimately, a total of 16 articles were
included in this review (Figure 1), with 9 presenting inter-
ventions involving aerobic exercise, 3 involving resistance
exercise, and 4 involving combined exercise (aerobic +
resistance), as summarized in Table 2.

Aerobic exercise

Nine studies using aerobic exercise/training proto-
cols are detailed in Table 2. These studies involved a total
sample of 452 individuals, primarily comprising older
adults (n = 442, aged 58 + 2 to 74 + 5 years), including
185 men and 267 women. Notably, 8 of the selected stu-
dies exclusively focused on older women with hyperten-
sion (n = 100).

Among the participants, 407 were previously seden-
tary, while 45'®!7 were physically active, serving only as
comparison parameters. Six studies assessed populations
with chronic diseases, one study included obese indi-
viduals'®, and two studies involved participants with asso-
ciated cardiovascular diseases'**’. Most studies evaluated
the chronic effects of exercise, except for one”, which
assessed acute effects. All nine studies measuring aerobic
exercise also evaluated arterial stiffness (central and/or
peripheral) before and after interventions (pre and post),

either in isolation'” or alongside other associated varia-
bles!6-18:20-24
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(n=17,533)

Studies identified in the database

(n=17,513)

Studies after duplication removed

Screening ] [ Identification ]

Figure 1 - Flowchart of study.

Among the nine studies, five reported improvements
in arterial stiffness following the exercise protocols'’'"-
2124 while four indicated improvements attributed to
changes in correlated cardiovascular variables, such as
increased plasma levels of apelin and NOx* and
decreased NF-kB signaling'®, as shown in Table 2.

Resistance exercise

Three studies focused on resistance exercise/training
protocols”?’, resulting in a general sample of 117 pre-
viously sedentary individuals®~’ and physically active
individuals™.

The sample included 73 men and 44 women, pre-
dominantly older adults (n = 91, aged 60 years or older,
from 66.7 + 4.3 to 68 + 3 years). Younger and middle-
aged adults (n = 26) were included solely for comparative
analysis’®. Two studies included apparently healthy
populations**?’, while one study included obese indivi-

Selected studies Excluded
(n=56) g (n=17457)
(R
=)
2 Studies assessed in full Complete studies
a for eligibility — > excluded
= (n=56) (n=40)
- Review (n =15)
| P
- Book chapter(n=4)
! -
- Other study type (n = 21)
c
2 Y
3
T:' Studies included for
= qualitative analysis
(n=16)
v

duals without restrictions on participation in exercise pro-
tocols®>. Two studies evaluated the chronic effects of
physical exercise”~’, while one assessed acute effects°.

All three studies assessed arterial stiffness (central
and/or peripheral) before and after the interventions,
regardless of the assessment methods or other measured
variables®>?’. Although two studies did not show sig-
nificant changes in arterial stiffness across the entire
sample”®?’, one study reported a minimal reduction in
arterial stiffness specifically in women®’.

The study by Jefferson et al.*>did not show direct
differences in arterial stiffness but indicated that physical
exercise led to reductions in body weight, consequently
improving arterial elasticity.

Combined exercise (aerobic + resistance)

Four studies focused on combined exercise/training
protocols (acrobic + resistance)**>', resulting in a total
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Table 2 - continued

Results/outcomes

Exercise protocol

Time

Type

Variables

Sex Group
o/
F)

Sample

Author(s)/

year/design

HIT+RT: | PWV | SBP HIIT

9 months of HIIT+RT or
MICT+RT, twice-weekly.

9 months

Aerobic +

-PWV carotid-femoral-SBP,

34,75

92f HIIT+RT, n

92 low-income older

females

Teixeira do

+RT and MICT+RT: | Waist cir-

Resistance

DBP, HR, - Functional capa-

+ 6 MICT+RT, n

38,74+6

Amaral et al.

cumference 1 Functional capa-

city

HIIT: 7 sets of 1 to 2 min of

cities (handgrip strength, flex-

2024/ RCT/

(Brazil)

15-17 RPE MICT: 30 minutes

ibility, TUG, sit-and-reach test,

6MWT)

of walking in 11-13 RPE RT: 3

sets of 15 repetitions

MWT: 6-minutes walking test. AIx: Magnification index. BP: blood pressure. DBP: diastolic blood pressure. HbAlc: glycated hemoglobin. HDL: high-density lipoprotein. HR: heart rate. HIIT + RT: high-
intensity interval training combined with resistance training. LDL: low-density lipoprotein. M/F: male/female. MICT + RT: moderate intensity continuous training combined with resistance training. 1RM: 1-
repetition maximum. NF-kB: factor nuclear kappa B. NOx: Nitric oxide. PWV: pulse wave velocity. RCT: randomized clinical trials. SBP: systolic blood pressure. TUG: timed up and go. VOyax: maximum

volume oxygen.

Effects of exercise on arterial stiffness during aging

sample of 194 previously sedentary individuals, including
67 men and 127 women aged 60 years or older (from 61.5
+ 0.8 to 75.3 + 1.2 years).

Two  studies involved clinically  healthy
participants®®>!, while two studies included stage one
hypertensive patients with associated and controlled
pathologies; there were no restrictions or limitations on
participation in the exercise protocols®”*°.

All four studies assessed the chronic effects of phy-
sical exercise and evaluated arterial stiffness (central and/
or peripheral) before and after the interventions, regardless
of measurement methods or other variables assessed”".
These studies consistently reported reductions in arterial
stiffness following combined exercise interventions,
despite differences in exercise intensity. The main findings
of this review can be observed in Figure 2.

Discussion

The findings of the current review highlight the sig-
nificant impact of various forms of exercise on arterial
stiffness, particularly in older adults. The study by Mad-
den et al."” demonstrated a reduction in arterial stiffness
after three months of high-intensity training in sedentary
older individuals with cardiovascular diseases. However,
this effect was not maintained after 6 months, despite
improvements in VO, Ax

This suggests that while exercise can confer short-
term benefits, the underlying pathophysiological changes
associated with aging and cardiovascular risk may limit
the long-term efficacy of such interventions. The pro-
gressive and often irreversible stiffening of arteries in high
cardiometabolic risk populations is influenced by factors
such as increased collagen concentration, non-enzymatic
glycation, and hypertrophy of vascular smooth
muscle’®??. In this context, long-term exercise interven-
tions are of paramount importance to a better under-
standing of its benefits on arterial stiffness and underlying
pathophysiological mechanisms, as well as for reducing
the risk of all-cause mortality and the burden of non-com-
municable diseases'.

Aerobic exercise appears to offer better outcomes for
glycation, facilitating the breakdown of collagen cross-
links and enhancing the production of NOx, which pro-
motes vasodilation®. This could explain the initial reduc-
tion in arterial stiffness, although it may not be sustainable
long-term.

In another relevant study involving postmenopausal
hypertensive women, Wong et al.?’ found that aerobic
training in a heated pool over 20 weeks led to reductions
in brachial arterial stiffness and improvements in muscle
strength and VO, Ax". The unique environment of pool-
based exercise, which offers greater resistance for the
upper limbs, may enhance local endothelial function®*,
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Figure 2 - Benefits of aerobic, resistance and combined exercise on arterial stiffness in older people. DBP: diastolic blood pressure. ET-1: edothelin-1.

PWV: pulse wave velocity. SBP: systolic blood pressure.

providing additional insights into the mechanisms by
which exercise affects arterial health.

Fujie's studies'®**%* further elucidate the complex
relationship between exercise and vascular function. Their
findings suggest that continuous moderate-intensity train-
ing can positively affect plasma levels of apelin and NOx,
which play crucial roles in promoting vasodilation and
reducing arterial stiffness. Specifically, increased bioavail-
ability of NOx may counteract the decline in endothelial
function associated with aging, even when apelin levels
decrease™. This emphasizes the importance of maintain-
ing endothelial health through regular exercise.

Moreover, the work by Jablonski et al.'® indicates
that aerobic exercise can inhibit NF-kB signaling, which is
linked to inflammation and arterial stiffness. By inducing
an anti-inflammatory response, regular exercise may
reduce the risk of cardiovascular events, further support-
ing the recommendation for aerobic training as a primary
intervention for improving vascular health.

Resistance exercise

Resistance exercise has shown promise in enhancing
muscle strength and addressing risk factors for cardiovas-
cular and metabolic diseases across all age groups®. This
type of training is effective for increasing muscle mass
and strength, even when initiated later in 1ife3®, and it also
aids in maintaining bone mineral density, which declines
with age’’. Furthermore, resistance training has been

linked to improved insulin sensitivity and increased daily
energy expenditure®®°.

However, the relationship between resistance exer-
cise and arterial stiffness remains unclear. Some studies
reported no significant effects on arterial stiffness with
low- to moderate-intensity resistance training***', while
others suggested that high-intensity resistance training
may temporarily elevate arterial stiffness®'. This dis-
crepancy may be attributable to differences in training
protocols and population characteristics.

In the present review, it was noted that 60% of the
studies examining one-repetition maximum (1 RM) in
young, active, and older individuals found no significant
changes in arterial stiffness*®. Factors such as autonomic
nervous system imbalances during and post-exercise,
which can elevate arterial stiffness*?, and changes in
endothelial function due to increased levels of endothelin-
1 (ET-1) also warrant consideration®’.

Despite some evidence suggesting no changes in
arterial compliance with progressive resistance training**,
the present review identified improvements in arterial
stiffness in sedentary older women®’. This finding rein-
forces the necessity for more nuanced studies to clarify the
effects of resistance exercise on arterial stiffness, particu-
larly in older adults with comorbidities.

Combined exercise (aerobic + resistance)

The integration of aerobic and resistance training is
posited to offer synergistic benefits for arterial health. Stu-



dies indicate that moderate-intensity combined training for
12 weeks can lead to significant improvements in arterial
stiffness and overall hemodynamic profiles in populations
such as postmenopausal women™’. The findings from the
present review support this, with evidence that aerobic and
resistance exercise together reduced arterial stiffness,
mean arterial pressure, and enhanced endothelial function
in older adults™°.

Interestingly, some studies have reported that per-
forming aerobic exercise after resistance training may
mitigate arterial stiffness typically induced by the latter™.
This may be particularly beneficial for older adults who
are more susceptible to the adverse effects of resistance
exercise alone.

As highlighted in the literature, factors such as age,
hypertension, diabetes, and renal impairment significantly
impact PWV*7*®_ The effects of gender on arterial stiff-
ness also present a complex picture, with varying findings
regarding the rate of increase in stiffness across sexes”’*’.

The studies discussed here underscore the impor-
tance of tailoring exercise regimens that consider indivi-
dual health profiles, particularly in older populations who
face various cardiovascular risks.

Study limitations

This systematic review encountered limitations due
to the heterogeneity of the exercise interventions, partici-
pant characteristics, and assessment methodologies for
arterial stiffness. Variations in aerobic, resistance, and
combined exercise protocols, along with the demographic
diversity of participants (age, gender, health status), hin-
dered the ability to conduct a meta-analysis. Future inter-
vention studies should strive to standardize these variables
to facilitate more robust comparisons and conclusions
regarding the effects of exercise on arterial stiffness.

Conclusion

In summary, despite some non-significant findings,
this review suggests that long-term aerobic exercise (both
interval and continuous; high and moderate intensity), low
to moderate intensity resistance exercise, and primarily
combined exercise can improve or maintain arterial stiff-
ness values in individuals aged 60 years and older, regard-
less of health status. These findings support the promotion
of diverse exercise programs for the prevention and man-
agement of cardiovascular and metabolic diseases, ulti-
mately aiming to reduce mortality rates associated with
these conditions. However, further studies are warranted
to better elucidate the intricate relationships between exer-
cise modalities and arterial health during the aging pro-
cess.

Effects of exercise on arterial stiffness during aging

Contribution to the field statement

Arterial stiffness, a critical indicator of vascular
health, typically worsens with aging, exacerbated by fac-
tors such as hypertension, diabetes, dyslipidemia, and
obesity. This study presents key assessments for measur-
ing arterial stiffness and elucidates its significance in car-
diovascular and metabolic disease risk. Our findings
indicate that physical exercise, regardless of modality or
intensity, can enhance arterial health in older adults. The
implications of these results highlight the necessity for
implementing structured exercise interventions aimed at
improving cardiovascular health and mitigating the risks
associated with aging and chronic disease.
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