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Abstract 

Background Cardiovascular diseases remain a leading global cause of mortality worldwide especially in older adults. 
Although it is known that regular exercise reduces cardiovascular diseases incidence, its effects on specific cardiovas-
cular aging parameters considering the influence of sex and different exercise designs are still not fully understood. 
Therefore, this systematic review and meta-analysis aims to evaluate the effects of different physical exercise protocols 
on age-related cardiovascular outcomes in older adults.

Methods This systematic review and meta-analysis will be reported in agreement with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Articles will be eligible if they are randomized 
controlled trials with a primary objective of evaluating the chronic effects of exercise interventions on cardiovascular 
aging parameters. Search strategy will be performed from the inception to September 30th, 2023, in the following 
electronic databases: MEDLINE (Ovid), SCOPUS (Elsevier), Embase, Sport Discus (EBSCO), Cochrane Central Regis-
ter of Controlled Trials (CENTRAL), and Web of Science Core Collection (Clarivate Analytics). Data will be extracted 
and managed through Research Electronic Data Capture (REDCap) software. The Tool for the assEssment of Study 
qualiTy and reporting in EXercise (TESTEX) will be used to assess the methodological quality of included stud-
ies. Additionally, the quality of the findings will be evaluated using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) profiler. Meta-analysis based on the random-effects model will be performed 
(if deemed suitable, considering the methodological and clinical heterogeneity of the studies) to estimate the effects 
of exercise training on cardiovascular aging variables (i.e., cardiac output; arterial stiffness; stroke volume; endothelial 
function; and carotid intima-media thickness). Heterogeneity will be assessed with the I2 statistics, while the publica-
tion bias will be assessed based on Egger’s test.
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Discussion To the best of our knowledge, this will be the first systematic review and meta-analysis to investigate 
the impact of sex and training protocols on the cardiovascular aging parameters. Moreover, the findings of this 
systematic review and meta-analysis will provide evidence for health professionals in the management of elderly 
patients in order to optimize the exercise prescription to face the cardiovascular alterations related to the aging pro-
cess, considering the effects of different protocols according to sex.

Systematic review registration PROSPERO CRD42023441015 .

Keyword Cardiovascular system, Elderly, Health promotion, Physical activity

Background
Cardiovascular disease (CVD) is the leading cause of 
death worldwide. In 2020, nearly 20 million deaths 
worldwide (95% uncertainty interval (UI), 17.53–20.24 
million) were due to CVD, accounting for 37% of deaths 
due to non-communicable diseases (NCDs) in people 
under 70 years of age [1]. Although the age-standardized 
prevalence of CVD has almost stabilized over the past 
decade, the crude prevalence has increased by 29.01% 
(95% UI, 27.73–30.38%), totaling 607.64 million (95% UI,  
568.07–644.85 million) cases in 2020 [1]. This increase 
in crude prevalence can be explained by the increase  
in life expectancy, as age-related changes in the cardio-
vascular system are involved in the pathophysiology of  
all CVD [2, 3].

Cardiac aging is characterized by a decrease in systolic/
diastolic ventricular function, increased ventricular stiff-
ness, cardiomyocyte hypertrophy, increased fibrosis, and 
other alterations [4, 5]. These age-related cardiac changes 
ultimately lead to a decrease in stroke volume and car-
diac output and can lead to coronary artery disease and 
other CVDs [4, 5]. At the same time, vascular aging is 
characterized by changes in the functional and structural 
components of the arterial wall, manifested primarily 
in arterial stiffness, endothelial dysfunction, and intima 
thickness [6, 7]. These age-related vascular changes are 
associated with the development of hypertension, athero-
sclerosis, stroke, heart failure, and other diseases [6–9]. 
With the older population expected to more than double 
by 2050 [10], global burden of CVD will also increase in 
the following years [11]. Therefore, strategies to reduce 
the impact of aging on the cardiovascular system are of 
paramount importance for the prevention and treatment 
of CVD as well as for reducing its health and economic 
consequences.

It is important to note that several environmental and/
or lifestyle factors may affect cardiovascular aging [2, 3]. 
Among lifestyle factors, regular participation in physi-
cal activity or exercise programs is well established and 
is inversely related to the incidence of CVD disease 
and mortality [1], including in older adults [12]. In this 
context, regular physical activity through participation 
in structured exercise programs (mainly aerobic and 

resistance training programs) is a key recommendation 
in several guidelines for the prevention and treatment 
of CVD [13–15] and for the health promotion and pre-
vention/treatment of disease in older adults [16]. In rela-
tion to cardiovascular aging, there are several systematic 
reviews showing the effectiveness of exercise interven-
tions on improving cardiac output [17, 18], stroke volume 
[18], arterial stiffness [17, 19–24], endothelial function 
[25], and carotid intima-media thickness [22]. However, 
only a few assessed the effects of exercise intervention in 
older individuals, and only on arterial stiffness [19–21, 
23], which is an important bias because aging process 
may affect cardiovascular adaptation to exercise [26]. In 
addition, these systematic reviews have included only 
a specific population (i.e., obese) [23] and/or have not 
assessed the effects of important mediating and moder-
ating variables that may influence the effect of exercise 
training on cardiovascular aging parameters [19–21, 23].

Among the mediating and moderating variables, the 
adequate representation of women, and the comparison 
between the sexes should be considered to minimize the 
under representation of women in cardiovascular disease 
randomized clinical trials (RCTs) [27], mainly in older age 
[28]. CVD is highly prevalent in women, and the burden 
of CVD in women has stagnated during the past decade 
[27]. In addition, the sex-specific mechanisms of cardio-
vascular aging and CVD remain poorly understood [27]. 
It appears that sex chromosomes and hormones influ-
ence cardiovascular function and cardiovascular risk fac-
tors throughout life [29, 30], leading to poorer outcomes 
in women, particularly at older ages [31]. In this con-
text, differences between women and men in the effects 
of physical exercise on cardiovascular outcomes have 
been reported [30, 31], and sex/gender-specific studies 
are gaining increasing attention and highlighting crucial 
implications, including cardiac adaptation to exercise and 
CVD prevention/rehabilitation [31, 32].

The characteristics of the exercise intervention, defined 
by the frequency, intensity, type, and time (FITT) prin-
ciple, are another factor that should be considered 
when systematically reviewing the effects of exercise 
interventions on cardiovascular aging. For example, 
there is limited evidence from systematic reviews with 
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meta-analyzes suggesting that exercise type (aerobic, 
resistance or combined) may influence the effects of exer-
cise on cardiac output [17] and arterial stiffness [17, 19, 
24, 33, 34], while exercise intensity (low-, moderate-, or 
high-intensity) may influence the effects on arterial stiff-
ness [33] and endothelial function [25]. However, only 
one study has systematically reviewed the effect of exer-
cise in older adults, and arterial stiffness was the only 
arterial aging outcome [19]. Furthermore, exercise type 
cannot be reduced to aerobic, resistance, or combined 
interventions. There is some evidence that other types 
of exercise such as stretching, yoga, and dance [21, 35, 
36] improve several cardiovascular risk factors in older 
adults, but their effects on cardiovascular aging, as well 
as compared with other exercise modalities, remain to be 
determined. Indeed, the effects of all components of the 
FITT principle on the effect of exercise on cardiovascular 
aging parameters in older women and men also remain to 
be determined.

Our purpose is therefore to perform a systematic 
review with meta-analysis to assess the effect of exer-
cise training compared with a control intervention on 
cardiovascular aging parameters (i.e., cardiac output, 
stroke volume, arterial stiffness, endothelial function, and 
carotid intima-media thickness) in older individuals. Our 
specific aim is to quantify the moderating effects of sex 
(women vs. men) and exercise training characteristics 
(i.e., FITT principle variables) on cardiovascular aging 
parameters, to help identify the optimal exercise dose 
(frequency, intensity, type and time) required to improve 
cardiovascular aging in older women and men.

Methods
This systematic review will be carried out and reported 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
statement [37]. The present protocol is registered in the 

PROSPERO repository (CRD42023441015) and follows 
the PRISMA Protocols statement (Supplement 1) [38].

Eligibility criteria
The present review will include only full-text scien-
tific documents of RCTs (i.e., peer-reviewed journal 
publications, non-peer-reviewed preprints, or PhD/
MSc dissertations) investigating the effects of exercise 
intervention(s) on cardiovascular aging parameters in 
humans that were written in English, Portuguese, Span-
ish, Chinese, Polish, Slovak, Azerbaijani, or Turkish. The 
Population-Intervention-Comparator-Outcomes-Study 
design (PICOS) criteria will be used to select the studies 
eligible for inclusion in the review (Table 1).

Population
We will include studies that assessed women and/or men 
(description of results separated by sex), healthy or with 
noncommunicable chronic diseases, with a mean age 
of ≥ 60  years (minimum age ≥ 50  years), that provided a 
detailed description of the participants (i.e., age, num-
ber or percentage of women/men, BMI, healthy status 
and comorbidities, and medication). The corresponding 
authors of studies including both men and women, in 
which participants’ characteristics and results were not 
presented separately by sex, will be asked to provide the 
data separately by sex.

Intervention
Studies should have any type of chronic exercise inter-
vention (i.e., repeated exercise sessions during a short 
or long-term follow-up) to be included in the review. As 
defined by the American College of Sports Medicine [39], 
exercise comprises a planned, structured, and repeti-
tive bodily movement done to improve or maintain one 
or more components of physical fitness and may include 

Table 1 Summary of eligibility criteria

Category Inclusion criteria Exclusion criteria

Population Men and/or women with age ≥ 60 years. With or without cardio-
vascular, motor or cognitive disease

Intervention Aerobic, resistance, combined or alternative exercise programs 
such as Tai Chi or Qigong, Dancing, DT, Exergaming, Balance
Whatever the duration of the intervention, but that describe 
exactly the type of exercise, duration, frequency, intensity, 
and possible progressions

Organ-specific exercise such as respiration muscle or pelvic muscle 
training/relaxation, meditation and stretching interventions, flex-
ibility/etc

Comparator Control group Absence control group

Outcome Primary: cardiac output and arterial stiffness
Secondary: stroke volume, endothelial function, and carotid 
intima-media thickness

Use of a non-validated method to measure the outcome

study design Randomized-controlled clinical trails Non-randomized controlled clinical trails
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aerobic, resistance, and alternative exercise programs, 
such as Tai Chi, Qigong, dance, exergaming, or balance. 
Any organ-specific exercise intervention such as res-
piratory or pelvic muscle training as well as relaxation, 
meditation, or stretching/flexibility interventions will not 
be included. Studies assessing only the acute response 
to exercise or not describing the type, duration and fre-
quency of exercise intervention will not be included.

Comparator
To be included in the review, studies should have a con-
trol group with no treatment/intervention, usual care 
with no exercise interventions (e.g., only medical treat-
ment or healthy habits counseling), sham intervention 
(e.g., stretching, etc.), or non-active interventions (e.g., 
health education, recreational activities).

Outcomes
The primary outcomes will be changes between pre- and 
post-intervention in cardiac output and arterial stiffness. 
The secondary outcomes will be changes between pre- 
and post-intervention in stroke volume, endothelial func-
tion, and carotid intima-media thickness. To be eligible 
for this review, studies should have measured, at baseline 
and at the end of intervention/control follow-up, any of 
the primary or secondary outcomes, by using a validated 
method.

Study design
We will include only RCTs.

Search strategy and study selection
Search strategy will be performed from the inception to 
August 20th, 2024, in the following electronic databases: 
MEDLINE (Ovid), SCOPUS (Elsevier), Embase, Sport 
Discus (EBSCO), Cochrane Central Register of Con-
trolled Trials (CENTRAL), and Web of Science Core 
Collection (Clarivate Analytics). The reference list of the 
major textbooks, review articles, and all included studies 
will be hand searched in order to identify other potentially 
eligible studies. Finally, we will also undertake searches 
on online gray literature to minimize publication bias 
(i.e., Google Scholar). The search strategy will include a 
combination of terms for the key concepts “older adults,” 
“exercise,” “cardiovascular system,” and “clinical trial.” The 
full search strategy for MEDLINE and other databases are 
described in Table 2 and Supplement 2, respectively.

All manuscripts retrieved from each search database 
will be exported as “.ris” or “.nbiib” files. The files will be 
imported into Rayyan, a web-based application for sys-
tematic review screening (https:// rayyan. qcri. org/ welco 
me), and a single researcher will remove the duplicates 
and duplicates by using the application’s duplicate func-
tion. Then, at least two independent reviewers will screen 
the titles and abstracts of all studies for eligibility. All 
studies that meet the inclusion criteria, and those with 
insufficient information in the abstract, will be retrieved 
for full text screening by two independent reviewers. 
Disagreements between reviewers, both at abstract or 
full-text screening, will be discussed with another inde-
pendent reviewer (E.G.C) to obtain consensus.

Table 2 Search strategy for MEDLINE

*: Asterisk will be used at the root of some words to find multiple endings (e.g., elder* returns elder, elders, elderly, elderlies, etc.)

Category Search terms

Population (((((((((((((((((((((((elder*) OR (aging)) OR (senior*)) OR (“older adults”)) OR (“older patients”)) OR (“older women”)) OR (“older people”)) 
OR (“older persons”)) OR (“older subjects”)) OR (“old age”)) OR (“older age”)) OR (“old people”)) OR (geriatric*)) OR (gerontolog*)) OR (“late 
life”)) OR (“postmenopausal women”)) OR (Alzheimer*)) OR (Parkinson*)) OR (“mean age of 60*”)) OR (“mean age of 61*”)) OR (“mean age 
of 62*”)) OR (“mean age of 63*”)) OR (“mean age of 64*”)) OR (“mean age of 65*”)

AND
Intervention

(((((((((((((((((((((((((((((((((((exercise[Title/Abstract]) OR (“physical activity”[Title/Abstract])) OR (“physical exertion”[Title/Abstract])) 
OR (swim*[Title/Abstract])) OR (gym*[Title/Abstract])) OR (walk*[Title/Abstract])) OR (danc*[Title/Abstract])) OR (jog*[Title/Abstract])) 
OR (run*[Title/Abstract])) OR (cycl*[Title/Abstract])) OR (bicycl*[Title/Abstract])) OR (hiking[Title/Abstract])) OR (“tai ji”[Title/Abstract])) 
OR (tai-ji[Title/Abstract])) OR (“tai chi”[Title/Abstract])) OR (yoga[Title/Abstract])) OR (qigong[Title/Abstract])) OR (“qi gong”[Title/
Abstract])) OR (sport*[Title/Abstract])) OR (“physical training”[Title/Abstract])) OR (“strength training”[Title/Abstract])) OR (“weight 
training”[Title/Abstract])) OR (“resistance training”[Title/Abstract])) OR (“balance training”[Title/Abstract])) OR (“aerobic training”[Title/
Abstract])) OR (“anaerobic training”[Title/Abstract])) OR (“endurance training”[Title/Abstract])) OR (“muscle training”[Title/Abstract])) 
OR (exergame[Title/Abstract])) OR (“active video game”[Title/Abstract])) OR (Wii[Title/Abstract])) OR (Kinect[Title/Abstract])) 
OR (pilates[Title/Abstract])) OR (feldenkrais[Title/Abstract])) OR (“motor activity”[Title/Abstract])) OR (“cardiac rehabilitation”[Title/
Abstract])

AND
Outcome

(((((((((((((((((((((((((((((“cardiovascular system”) OR (“cardiac output”)) OR (“cardiac rhythm output”)) OR (“heart output”)) OR (“arte-
rial stiffness”)) OR (“vascular stiffness”)) OR (“pulse wave velocity”)) OR (PWV)) OR (“pulse wave analysis”)) OR (“waveform analysis”)) 
OR (“waveform reflection”)) OR (“augmentation index”)) OR (“central arterial pressure”)) OR (endothelium)) OR (“endothelial dysfunction”)) 
OR (“endothelial function”)) OR (“vascular function”)) OR (“endothelial reactivity”)) OR (“flow mediated dilation”)) OR (FMD)) OR (“arterial 
tonometry”)) OR (“artery tonometry”)) OR (“reactive hyperemia”)) OR (“reactive hyperaemia”)) OR (“stroke volume”)) OR (“systolic vol-
ume”)) OR (“systolic ejection volume”)) OR (“carotid intima media thickness”)) OR (“carotid thickness”)) OR (“carotid medial complex”)

AND
Study Design

((((random*) OR (RCT)) OR (“clinical trial”)) OR (“intervention study”)) OR (“interventional study”)

https://rayyan.qcri.org/welcome
https://rayyan.qcri.org/welcome
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Data extraction and management
After study selection, all data will be extracted and man-
aged by using REDCap. The data extraction form will be 
designed by the review authors, and data extraction will 
be piloted with a small number of studies (at least 10). If 
necessary, it will be modified prior to the data extraction 
of all studies. Data extraction for each individual study 
will be performed independently by two reviewers. Any 
disagreement in data extraction will be solved by con-
sensus. If consensus is not achieved, a third reviewer will 
independently extract the data. The data extraction will 
include report characteristics (title, first author, study 
location, year of publication/availability), characteris-
tics of the RCT (study design [parallel group, crossover, 
number of arms, etc.], total study duration, sequence 
generation, allocation sequence concealment, blinding, 
intention to treat, primary and secondary outcomes), 
participants’ characteristics (health status, sample size at 
beginning and end of the study, mean age, sex, and physi-
cal activity level), intervention(s) characteristics (all FITT 
variables), control intervention characteristics (type, 
duration, orientations), outcomes (primary and second-
ary), and moderators. Outcomes and moderators are 
detailed below.

In case of missing or unclear data, the authors of the 
specific study will be contacted by email, up to two 
times, to provide the required information. If there is no 
response within 4 weeks, the data we will be considered 
unobtainable. For data presented in graphs, we will con-
tact the authors to obtain the data or use Web Plot Digi-
tizer (if there is no response within 4 weeks).

Outcomes
The primary outcomes will be cardiac output (both at 
rest and/or during exercise) and arterial stiffness. The 
secondary outcomes will be stroke volume (both at rest 
and/or during exercise), endothelial function, and carotid 
intima-media thickness. The primary and secondary out-
comes should be measured by a validated method, which 
include:

• Cardiac output: acetylene rebreathing; bioreactance; 
cardiac MRI;  CO2 rebreathing; echocardiography; 
finger photoplethysmography; impedance cardiogra-
phy; inert gas rebreathing; radionuclide ventriculog-
raphy; or thoracic impedance

• Arterial stiffness: aortic pulse wave velocity (PWV); 
carotid-femoral PWV; brachial-ankle PWV; cardio-
ankle vascular index (CAVI); or waveform reflection 
(i.e., augmentation index, and/or augmentation index 
adjusted to 75 bpm)

• Stroke volume: acetylene rebreathing; bioreactance; 
cardiac MRI;  CO2 rebreathing; echocardiography; 

finger photoplethysmography; impedance cardiogra-
phy; inert gas rebreathing; radionuclide ventriculog-
raphy; or thoracic impedance

• Endothelial function: brachial artery flow-mediated 
dilation (FMD); radial artery FMD; or peripheral 
arterial tonometry by the reactive hyperemia index 
(RHI)

• Carotid intima-media thickness: ultrasound data 
processing; or echo-tracking

Mean and standard deviation (SDs) at baseline and 
follow-up will be extracted from intervention(s) and con-
trol groups for each primary or secondary outcome. The 
effect of exercise on primary and secondary outcomes 
will be first examined without sex separation. Subgroup 
analyses by sex (women vs. men) will be then conducted 
to investigate the sex differences in outcomes. Any sig-
nificant differences in the effects of exercise and physi-
cal activity on cardiovascular aging between males and 
females will be reported, and potential explanations for 
these differences will be explored.

Moderators
The primary moderators of the present review will be the 
exercise intervention characteristics (i.e., FITT principle 
variables). Thus, we will extract information regarding 
exercise interventions’ frequency (i.e., number of sessions 
per week), intensity (i.e., absolute and/or relative objec-
tive and/or subjective parameters of exercise intensity), 
type (i.e., exercise modality(ies) performed), and dura-
tion (i.e., duration of the exercise sessions, duration of 
each exercise modality, and duration of the exercise pro-
gram) as well as about the progression of these variables 
throughout the follow-up. To try to identify the opti-
mal exercise dose (frequency, intensity, type and time) 
required to improve cardiovascular aging, we will con-
duct analyses for the following potential moderators: (1) 
frequency of exercise sessions, (2) exercise intensity, (3) 
type(s) of exercise(s), (4) exercise session(s) duration, (5) 
workload of exercise sessions (e.g., intensity X duration, 
metabolic costs…), (6) program duration, (7) density of 
exercise sessions per week (frequency X intensity X vol-
ume), (8) progression of exercise frequency/intensity/vol-
ume, (9) type of control group, and (10) use of behavioral 
interventions.

We will also extract information about individual char-
acteristics that are used in previously published system-
atic reviews and meta-analyses and/or are hypothesized 
to modulate the effect size of exercise on cardiovascular 
aging. Possible moderator variables related to this will 
include the following: (1) population type (e.g., ethnicity, 
health status, type of comorbidity…), (2) mean age, (3) 
cardiovascular aging parameters at baseline, (4) fitness 
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and/or physical activity level at baseline, (5) prevention 
level (e.g., primary, secondary, tertiary…), (6) education, 
and (7) socioeconomic status. Other possible moderators 
that will be extracted from the studies will be the type of 
publication (e.g., peer-reviews journal article, preprint, 
thesis, etc.) and sample size of intervention(s) and con-
trol group.

The above-mentioned moderator variables will only 
be included in the meta-analysis if sufficient studies are 
available (at least three studies for of each level of a cat-
egorical moderator description/analysis and at least eight 
studies for a meta-regression).

Assessment of study quality, risk of bias, and overall 
quality of evidence
The methodological quality of the included studies will be 
assessed by the Tool for the assEssment of Study qualiTy 
and reporting in EXercise (TESTEX) [40], which has 12 
criteria (maximum score of 15 points) pertaining to study 
quality (i.e., eligibility criteria specified, randomization 
specified, allocation concealment, groups similar at base-
line, and blinding of assessor for the primary outcome) 
and study reporting (i.e., outcome measures assessed in 
85% of patients, intention-to-treat analysis, between-
group statistical comparisons reported, point measures 
and measures of variability for all reported outcome 
measures, activity monitoring in control groups, rela-
tive exercise intensity remained constant, and exercise 
volume and energy expenditure). A higher score reflects 
better quality. Two reviewers will assess independently 
to rate each criterion, and inter-observer agreement will 
be determined using Kappa statistics [41]. In case of disa-
greement of rating, the agreement will be solved by two 
different reviewers. Studies will not be excluded based on 
their quality.

The overall quality of evidence will be reported using 
Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) [42], which is structured 
in five domains: risk of bias, imprecision, inconsistency, 
indirectness, and publication bias. Each outcome will be 
assessed for the overall certainty in evidence and classi-
fied into four levels: high, moderate, low, or very low.

Data analysis
Statistical analyses will be performed using Comprehen-
sive Meta-Analysis software (CMA, version 2.2.064, Bio-
stat, NJ, USA). Descriptive data for each of the individual 
studies will be reported as means ± standard deviations 
(SD). Continuous outcomes will be used to analyze as 
post-intervention changes from baseline using mean dif-
ference (MD). Standardized mean differences (SMD, i.e., 
mean weighted difference and its 95% confidence inter-
vals [CI]) will be used if the outcomes were collected 

using different measurements across studies. Data 
expressed using the standard error of the mean (SEM) 
will be first converted to SD. For binary outcomes, the 
odds ratio (OR) and its corresponding 95% CI will be cal-
culated. The Mantel–Haenszel method will be employed 
for pooled estimates in binary outcomes, with the choice 
between a fixed-effect or random-effects model based on 
the level of heterogeneity. Pooled estimates of the effect 
of exercise training on cardiac aging outcomes (i.e., car-
diac output, arterial stiffness, stroke volume, endothelial 
function, and carotid intima-media thickness) will be 
obtained using a random-effects model with significance 
set at P < 0.05 (two-tailed), as we expected heterogeneity 
in the methodology of the studies. The random-effects 
model will use the DerSimonian and Laird method to 
estimate the heterogeneity variance (τ2), which allows 
for the assumption that the true effects might vary across 
studies.

Sub-group analyses, including sensitivity and meta-
regression approaches, will be performed to explore 
potential moderators, such as sex differences, baseline 
fitness levels, and study design factors, on cardiovascular 
aging outcomes. Meta-regression will be conducted using 
a mixed-effects model, where the heterogeneity variance 
will be estimated using restricted maximum likelihood 
(REML). Covariates, including age, gender, duration of 
intervention, and baseline health status, will be exam-
ined as potential moderator variables Heterogeneity will 
be assessed using the I2 statistics where I2 values between 
25 and 50% represents small amounts of inconsistency, 
50 and 75% represents medium inconsistency, and above 
75% represents large amounts of inconsistency [43]. 
Cochran’s Q test will also be performed to test for hetero-
geneity. If substantial heterogeneity is detected, sources 
of heterogeneity will be explored through subgroup anal-
yses and meta-regression.

Publication bias will be examined by visual inspection 
of the different funnel plots’ asymmetry. The Egger’s test 
[44] will indicate the presence of a significant publica-
tion bias. Duval and Tweedie’s trim and fill procedure 
will be applied to estimate the effect of publication bias 
on the results [43]. Sensitivity analyses will be conducted 
to assess the robustness of the results by excluding stud-
ies with high risk of bias, studies with extreme effect 
sizes, or studies contributing disproportionately to the 
heterogeneity.

Discussion
Previous systematic reviews have investigated the 
effects of exercise interventions on several cardiovas-
cular aging parameters, including cardiac output [17, 
18], stroke volume [18], arterial stiffness [17, 19–24], 
endothelial function [25], and carotid intima-media 
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thickness [22]. However, in older individuals, there are 
systematic effects assessing the effect of exercise inter-
ventions only on arterial stiffness [19–21, 23]. Although 
these systematic reviews found positive effects of exer-
cise interventions on arterial stiffness of older individu-
als, they did not investigate if the benefits are different 
between sexes nor investigated the impact of most 
moderators that will be investigated in the present 
review.

According to our knowledge, this is the first system-
atic review with meta-analysis aiming to assess the 
effects of chronic exercise on different cardiovascular 
aging parameters in older individuals. In addition, it 
will also be the first to investigate the role of sex (men 
vs. women) and training characteristics (i.e., frequency, 
intensity, type and time) on the effects of chronic exer-
cise effects on cardiovascular aging. Thus, this review 
will contribute to the evidence base of exercise on car-
diovascular aging, which may help the development 
of specific exercise recommendations (i.e., frequency, 
intensity, type and time) to improve cardiovascular aging 
according to sex.
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