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ARTICLE INFO ABSTRACT
Keywords: Objectives: The purpose of this meta-analysis was to investigate the association of aerobic, resistance and con-
Aerobic training current exercises vs. control group on inflammaging markers [tumor necrosis factor-alpha (TNF-a), interleukin-6

Resistance training

(IL-6), IL-1-beta, IL-8, and high sensitivity C-reactive protein (hs-CRP)] in overweight or obesity patients with
Concurrent exercise

Inflammaging heart failure (HF).

Heart failure Methods: The databases of Scopus, PubMed, Web of Science and Google Scholar were searched until August 31,

Meta-analysis 2022 for exercise interventions vs. control group on circulating inflammaging markers in patients with HF. Only
randomized controlled trial (RCT) articles were included. Standardized mean difference (SMD) and 95% con-
fidence intervals (95%CIs) were calculated (registration code = CRD42022347164).
Results: Forty-six full-text articles (57 intervention arms and 3693 participants) were included. A significant
reduction was occurred in inflammaging markers of IL-6 [SMD-0.205(95% CI:-0.332 to —0.078),p = 0.002] and
hs-CRP [SMD —0.379 (95% CI:-0.556 to —0.202), p = 0.001] with exercise training in patients with HF. Analysis
of subgroup by age, body mass index (BMI), type, intensity, duration of exercise and mean left ventricular
ejection fraction (LVEF) revealed that there was a significant reduction in TNF-a for middle-aged (p = 0.031),
concurrent training (p = 0.033), high intensity (p = 0.005), and heart failure with reduced ejection fraction
(HFrEF) (p = 0.007) compared to the control group. There was a significant reduction in IL-6 for middle-aged (p
= 0.006), overweight (p = 0.001), aerobic exercise (p = 0.001), both high and moderate intensities (p = 0.037
and p = 0.034), short-term follow-up (p = 0.001), and heart failure with preserved ejection fraction (HFpEF) (p
= 0.001) compared to the control group. There was a significant reduction in hs-CRP for middle-aged (p =
0.004), elderly-aged (p = 0.001), overweight (p = 0.001), aerobic exercise (p = 0.001), concurrent training (p =
0.031), both high and moderate intensities (p = 0.017 and p = 0.001), short-term (p = 0.011), long-term (p =
0.049), and very long-term (p = 0.016) follow-ups, HFrEF (p = 0.003) and heart failure with mildly reduced
ejection fraction (HFmrEF) (p = 0.048) compared to the control group.
Conclusions: The results confirmed that aerobic exercise and concurrent training interventions were effective to
improve inflammaging markers of TNF-q, IL-6, and hs-CRP. These exercise-related anti-inflammaging responses
were observed across ages (middle-aged and elderly-aged), exercise intensities, duration of follow-ups, and mean
LVEFs (HFrEF, HFmrEF and HFpEF) in overweight patients with HF.

1. Introduction pathophysiological syndrome of ventricular dysfunction [3,4], which is
associated with high circulating chronic inflammatory cytokines, low-

Inflammaging and obesity are chronic low-grad inflammation sta- grad inflammation, systemic inflammation, and obesity [3-6]. Chronic
tuses during aging [1,2] as well as risk factors for cardiovascular dis- inflammatory  cytokines  (tumor-necrosis-factor-alpha  [TNF-a],

eases (CVDs), especially heart failure (HF) [2]. HF is a heterogeneous interleukin-6 [IL-6], IL-1-beta, IL-8) and low-grad inflammation (high
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Table 1
Risk of bias assessment.
Author et al., eligibility Random allocation groups assessors outcome intention reporting of point measures Activity Relative Supervised Total Risk
yr criteria allocation of concealed similar at  blinded measures to treat between group and measures monitoring in  exercise /Non- PEDRO of
specified participants baseline assessed in 85%  analysis statistical of variability control group  intensity supervised score bias
of participants® comparison# reported for reviewed
main effects

Abolahrari- v v v v v L4 v 4 v v v v 15 Low
Shirazi et al.,
2018

Adamopoulos v v v v v L4 - v v v v - 13 Low
et al., 2002

Adamopoulos v v v v - v/ - L4 v v v v 12 Low
et al., 2014

Ahmad et al., v v v v v v - v v - v v 12 Low
2014

Aksoy et al., v v - v - - - v v - - v 7 Some
2015

Balen et al., v v — v - v v v v v v v 12 Low
2008

Butts et al., v v - v - 44 v L4 v v v v 12 Low
2018

Byrkjeland v v - v - 4 v v v v v v 12 Low
et al., 2011

Conraads, v - - v - v v vV v - v v 10 Low
et al., 2002

de Meirelles v v - v - 44 v 4 v - v v 11 Low
et al., 2014

Eleuteri et al., v v v v - VL4 v v v - v v 13 Low
2013

Erbs et al., v v - v v L4 v v v - v v 13 Low
2010

Feiereisen v v - v - L4 v L4 v - v v 11 Low
et al., 2013

Fernandes- v v v v 4 L4 4 L4 4 - - v 12 Low
Silva et al.,
2017

Fu et al., 2013 v v - v - v - 4 v - v v 10 Low

Giallauria v v v v v L4 - vV v v 4 v 14 Low
et al., 2011

Gielen et al., v v v v v L4 v v 4 - v v 14 Low
2012

Isaksen et al., v v v v v L4 - v v - v v 13 Low
2019

Karavidas 4 v v v 4 L4 v v 4 - - v 12 Low
et al., 2006

Kimetal.,, 2008 v - - v - 24 v v v - v v 10 Low

Kimetal.,, 2011 v/ - - v - L4 v v v v 4 4 12 Low

Kobayashi v v - v - L4 v v v - - 4 11 Low
et al., 2003

Lara Fernandes v v - v - 4 v L4 v v v v 12 Low
et al., 2011

Larsen et al., v - - v - L4 v v v - v v 10 Low
2001

Linke et al., v v - v - v - v v - v v 10 Low
2005

(continued on next page)
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Table 1 (continued)

Author et al., eligibility Random allocation groups assessors outcome intention reporting of point measures Activity Relative Supervised Total Risk
yr criteria allocation of concealed similar at  blinded measures to treat between group and measures monitoring in  exercise /Non- PEDRO of
specified participants baseline assessed in 85%  analysis statistical of variability control group  intensity supervised score bias
of participants* comparison# reported for reviewed
main effects

Marco et al., v v v v v v v v v - - v 12 Low
2013

Masterson- v v v v - L4 - v v - v v 11 Low
Creber et al.,
2015

Mc Dermott v v - v - L4 v v v - - v 10 Low
et al., 2004

Melo et al., v v v v - v v 4 v - v v 11 Low
2019

Milani et al., v - - v - v v vV v - - v 9 Low
2004

Munk et al., v v v v v L4 v v v - v v 14 Low
2011

Myers et al., 4 v - v v L4 4 L4 v - v 4 13 Low
2010

Niebauer et al., v v - v - v/ - v v - v v 10 Low
2005

Parrinello v v - v - 4 v v v v/ - v 11 Low
et al., 2010

Pierce et al., v v - v - v/ - 4 v v - v 10 Low
2008

Prescott et al., v v - v - v - v v - v v 10 Low
2009

Pullen et al., v v - v v Y v vV v - - v 12 Low
2008

Racca et al., v - - v - v v 4 v - v v 10 Low
2020

Rankovic¢ et al., 4 - = v - v - v/ v - v v 9 Low
2009

Redwine et al., v v v v v Y v vV v - - v 13 Low
2020

Shin et al., v - - v - v v v v - v v 10 Low
2006

Tisi etal.,, 1997 v/ v v v - L4 v v v v - v 13 Low

Trippel et al., v v - v - v/ v v v - v 11 Low
2017

Tsarouhas v - - v - v v 4 v - v v 10 Low
etal., 2011

Walther et al., v v v v v Y v vV v - - v 13 Low
2008

Yehetal., 2011 v/ v - v - 4 v v v - - v 10 Low

Note: Total PEDRO score out of 15 points; (v') = one point; (-) = not reported or unclear; *Three points possible—one point if adherence greater than 85%, one point if adverse events reported, one point if exercise
attendance is reported; #Two points possible—one point if primary outcome is reported, one point if all other outcomes reported. Low risk of bias = 8-15 Pedro scores, some risk of bias = 5-7 Pedro scores, and high risk of

bias = Pedro score of less than 5 (excluded articles).
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sensitivity C-reactive protein [hs-CRP]) during aging are inflammaging
biomarkers that can be translated to metabolic disorders such as clinical
HF [1,2]. However, the mechanisms of inflammaging and obesity in the
development of clinical HF are unclear. It has been reported that in-
flammatory cytokines, vascular adhesion molecules, and systemic
inflammation increase significantly in response to pathophysiological
conditions, especially clinical HF [5,6]. The most important approaches
for primary and secondary prevention of HF and/or inflammaging
include risk factor modifications, medical therapies, and importantly,
lifestyle and exercise interventions [7]. To date, the role of the inflam-
maging process in clinical HF remains unknown. The American Heart
Association (AHA) endorses the use of exercise-based cardiac rehabili-
tation as a class-1 recommendation for clinical HF [4,7]. Numerous
studies demonstrated that regular exercise training reduces chronic in-
flammatory cytokines, systemic inflammation and cardiovascular pep-
tides [4], and improves restore endothelial function [8],
cardiorespiratory fitness (CRF) [9], cardiac function, and clinical pro-
gression and survival in patients with HF [4,8,9]. Data has been con-
flicting regarding the impacts of exercise interventions and the
inflammaging process in HF, with some studies reporting that aerobic
[10,11], resistance [12] and concurrent [13,14] interventions reduced
inflammatory cytokines in patients with HF, whereas other studies did
not report any significant changes [5,15-17]. Previous meta-analyses-
based evidence supported a reducing effect on chronic inflammatory
markers in men, women and patients with metabolic disorders
[6,18,19], but not in patients with HF. Therefore, the purpose of our
meta-analysis was to determine the effects of types of concurrent,
resistance and aerobic exercise interventions on serum or plasma levels
of inflammaging markers (TNF-a, IL-6, IL-1-beta, IL-8, and hs-CRP) in
overweight and obese patients with HF.

2. Methods
2.1. Search strategy

Our systematic review and meta-analysis protocol was registered in
PROSPERO at the University of York [registration code =
CRD42022347164]. The PRISMA guidelines were used in this meta-
analysis [20]. The electronic databases of searching including Scopus,
PubMed, Web of Science, and Google Scholar were searched until
August 31, 2022 by two corresponding authors (A M and M G). The
search strategy for exercise interventions, inflammaging markers, and
overweight or obesity patients with HF included the keywords as fol-
lows: [concurrent OR combined OR combination OR circuit AND resis-
tance OR strength OR power AND aerobic OR endurance OR HIIT OR
high intensity interval training OR SIT OR sprint interval training OR
continuous AND training OR exercise OR exercise training OR physical
activity OR cardiac rehabilitation AND inflammaging OR inflammage-
ing OR inflamm-ageing OR inflammation OR inflammatory OR cyto-
kines OR hsCRP OR CRP OR C-reactive protein OR TNF-a OR TNF-alpha
OR Tumor necrosis factor OR IL-6 OR interlukin-6 OR IL-1-beta OR
interleukin-1-beta OR IL-8 OR interleukin-8 AND Overweight OR
Obesity AND HFrEF OR heart-failure-with-reduced-ejection-fraction OR
HFpEF OR heart-failure-with-preserved-ejection-fraction OR heart-
failure OR acute-heart-failure OR chronic-heart-failure OR PAD OR
peripheral-artery-disease OR peripheral-arterial-disease OR
intermittent-claudication OR vascular-claudication]. The titles and ab-
stracts of all articles were screened after removing duplicate publica-
tions and then full-text of articles were assessed for eligibility process by
two corresponding authors (A M and M G).

2.2. Study selection
Only randomized controlled trial exercise interventions were

considered for eligibility of inclusion criteria as follows: (a) only English
language original RCT articles, (b) original articles with human

1JC Heart & Vasculature 47 (2023) 101234

participants, (c) patients with HF and overweight (body mass index/
BMI > 25 kg/m?) or obesity (BMI > 30 kg/m?) aged > 18 yrs, (d)
overweight/obesity HF with maintaining routine medications, standard
and usual care, home-based exercise, optimal medical therapy (e)
measuring serum or plasma of TNF-q, IL-6, IL-1-beta, IL-8, and hs-CRP at
baseline and after intervention, (f) duration of follow-up > 2 weeks, (g)
having at least one exercise group (concurrent, resistance, and aerobic)
with HF vs. control group with HF participants (h) usual care or routine
medications for control group with and without exercise intervention
and/or home-based exercise. The type of exercise in this meta-analysis
included concurrent (‘concurrent training’, combined training; aerobic
+ resistance), resistance (‘resistance training; functional electrical
stimulation; weight training’), and aerobic (‘aerobic training; endurance
training; aerobic exercise-based cardiac rehabilitation; cardiac rehabil-
itation program; physical training; aerobic interval training; Tai Chi’).
There were no restrictions on the duration of exercise follow-up or study
protocols in RCT studies. Exclusion criteria included (a) non-original
articles (letters to the editors, short reports, case studies, methodolo-
gies, review articles and systematic review & meta-analysis articles), (b)
non-English language articles, (c) animal studies, (d) studies without
exercise group, (e) studies without control group, (f) studies with caloric
restrictions in exercise group and/or control group, (g) studies with
dietary interventions, (h) studies with normal BMI participants, (i)
studies with exacerbate HF-related medications such as nonsteroidal
anti-inflammatory drugs (NSAIDs), calcium channel blockers (CCBs),
and most antiarrhythmic drugs.

2.3. Data extraction

Data extraction process was performed by corresponding author (A
M) and any disagreement was resolved by discussion among corre-
sponding authors (A M and M G). The characteristics of the data for each
article were extracted as follows: (a) study design, (b) participant
characteristics including age, gender, BMI and sample size, (c) study
characteristics including exercise interventions (type, frequency, dura-
tion, training protocol, and supervised/unsupervised) and control
group, (d) outcome inflammaging markers including TNF-a, IL-6, IL-1-
beta, IL-8, and hs-CRP. The pre- and post-test values (mean and standard
deviation [SD]) were entered into the meta-analysis in order to generate
forest plots. All data and values of standard-errors, median, range and
interquartile-ranges were converted to mean and SD based on statistical
formulas [21,22]. The Getdata Graph Digitizer software was used for the
data extraction from graphs and figures. If studies had multiple arms of
exercise interventions, data for aerobic, resistance and concurrent vs.
control group were included (control group was divided by the number
of intervention arms to avoid multiple sample size counting). In addi-
tion, for the studies with more than one evaluated post-test intervention,
only the last post-test intervention was considered. When insufficient
information was available from the articles and/or additional informa-
tion was required, the corresponding author was contacted by e-mail.

2.4. Quality assessment and sensitivity analysis

The Pedro scale was used to assess the methodological quality of
included-studies (Pedro scores ranged 7 to 15 with maximum 15 scores)
and risk of bias (high risk of bias = Pedro score of less than 5; excluded
articles) [22] (Table 1), which included as follows: (a) eligibility criteria
specified, (b) random allocation of participants, (c) allocation con-
cealed, (d) groups similar at baseline, (e) assessors blinded, (f) outcome
measures assessed in 85% of participants, (g) intention to treat analysis,
(h) comparing between-groups for statistical differences, (i) point
measures and measures of variability reported for main effects, (j) ac-
tivity monitoring in control group, (k) relative exercise intensity
reviewed (1) supervised or non-supervised (Table 1).
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Aerobic intervention arms= 44 TNF-alpha= 23 Articles
Concurrent intervention arms= 10 IL-6=23 Articleg
Resistance intervention arms= 3 IL-1 beta= 5 Articles
Total participants (n= 3693) IL-8= 3 Articles

Total participants in exercise groups (n=2141) hs-CRP= 28 Articles
Total participants in control groups (n= 1552)

Fig. 1. Flowchart of study selection. Note. HF = Heart failure.

2.5. Statistical analysis

Comprehensive meta-analysis (CMA) software was used for data
analysis and calculating the standardized mean difference (SMD) and
95% confidence intervals (CIs) by fixed and random-effect models.
Significance level was considered at a P less than 0.05. The effect size
was calculated to compare the effects of exercise interventions vs. con-
trol group on circulating inflammaging markers. For interpreting effect
sizes were considered the Cochrane guidelines including small
(0.2-0.49), medium (0.5-0.79), and large (more than 0.8) effect sizes
[23]. Heterogeneity was assessed by using the I-squared (I?) statistic. In
addition, for interpretation of I2 statistic was used of Cochrane guide-
lines as follows: low heterogeneity (25%), medium heterogeneity (50%),
and high heterogeneity (75%). The visual interpretation of funnel plots
and Egger’s test were considered to identify publication bias, as P-value
less than 0.1 was considered for significant level of publication bias
[24].

3. Results
3.1. Included studies

The initial search in the electronic databases of Scopus, PubMed,
Web of Science, and Google Scholar identified 128100, 362277, 3590,
and 1,370,056 articles, respectively. After removing duplicates and
screening articles based on the title and abstract, 272 full-text articles
were included for final screening based on the inclusion and exclusion
criteria. Of those 272 articles, 46 full-text articles met the inclusion
criteria and 226 articles were excluded with reasons as follows: (a)
letters to the editor articles (n = 7), (b) articles without a control group
(n = 30), (c) articles with hormone therapy in exercise group or patients
with HF (n = 8), (d) articles with dietary plus exercise interventions in
patients with HF (n = 9), (e) articles with measured inflammaging
concentrations in other diseases and participants (n = 18), (f) articles
with measured inflammaging concentrations at baseline (n = 9), (g)
articles without reporting inflammaging concentrations in patients with
HF (n = 48); (h) articles without any exercise interventions (n = 52), (i)
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Table 2
Participant characteristics at baseline.

Source, yrs Country Exercise + Control Gender Participants Groups Age (yrs) BMI (kg/m?) Inflammaging
= Total sample characteristics (Baseline) (Baseline) markers (TNF-a, IL-6,
size (Baseline) Mean + SD Mean + SD IL-1 beta, IL-8, hs-

CRP)

Abolahrari- Iran 25(Concurrent) Male/ Patients with heart Concurrent Concurrent: Concurrent: hs-CRP

Shirazi et al., + Female failure (NYHA Class I- 56.76 + 8.71 25.69 + 3.65
2018 25(Aerobic) 111) Aerobic Aerobic: Aerobic:
+ 57.64 £ 7.85 26.71 + 2.91
25(Control) Control Control: 57.32 Control: 26.10
=75 +9.41 + 3.86
Adamopoulos Greece 24 + 20 = 44 Unknown Patients with chronic Aerobic Aerobic: Unknown TNF-alpha, IL-6
et al., 2002 heart failure (NYHA Control 55.0 +£9.79
Class II-III) Control:
Unknown
Adamopoulos Belgium 21 +22=43 Male/ Patients with chronic Concurrent Concurrent: Concurrent: CRP
et al., 2014 Female heart failure (NYHA Control 57.8 £11.7 28.6 + 6.7
Class I-III) Control: Control:
58.3 +£13.2 27.2+29
Ahmad et al., England 477 + 451 = 928 Male/ Patients with chronic Aerobic Aerobic: Unknown hs-CRP
2014 Female heart failure (NYHA Control 59.36 + 12.41
Class II-1V) Control:
59.23 +12.86
Aksoy et al., Turkey 15(Continuous) Male/ patients with chronic Aerobic Aerobic: Aerobic: CRP
2015 + Female heart failure (NYHA Control Continuous Continuous
15(Intermittent) Class II-111) 63.7 +£ 8.8 28.4 + 4.9
+ Intermittent Intermittent
15(Control) 59.6 + 6.9 30.1 +£5.1
=45 Control: Control:
57.5+11.2 29.1 £ 4.2
Balen et al., Croatia 30 +30=60 Male/ Patients with Aerobic Aerobic: Aerobic: hs-CRP, IL-8, TNF-
2008 Female myocardial infarction Control 59+9 28.8 + 3.8 alpha
Control: Control:
61 + 10 28 + 3.8
Butts et al., 2018 USA 38 +16 =54 Male/ Patients with heart Aerobic Aerobic: Aerobic: IL-1B
Female failure (NYHA Class II- Control 60 + 8.7 31.51+7.1
1ID) Control: Control:
58.19 +12.8 31.03 £ 6.1
Byrkjeland etal.,  Norway 40 + 40 = 80 Male/ Patients with chronic Aerobic Aerobic: Unknown CRP, TNF-alpha, IL-6
2011 Female heart failure (NYHA Control 68.8 +7.9
Class I-IIIB) Control:
715+ 7.8
Conraads, et al., Belgium 23+ 18 =41 Male/ Patients with chronic Concurrent Concurrent: Unknown 1L-6, TNF-a
2002 Female heart failure and Control 54.75 + 13.22
coronary artery disease Control:
(NYHA Class I-11/ 62.0 + 14.27
1II-1V)
de Meirelles Brazil 15 + 15 + 30 Male/ Patients with heart Concurrent Concurrent 54 Concurrent CRP, IL-6, TNF-alpha
et al., 2014 Female failure (NYHA class II Control +3 28.6 + 0.9
and 1I1) Control: Control:
55+2 27.9 £ 0.7
Eleuteri et al., Italy 11+10=21 Male Patients with chronic Aerobic Aerobic: Unknown IL-6, CRP
2013 heart failure (NYHA Control 66 + 2
class II) Control:
63 + 2
Erbs et al., 2010  Germany 18 +19 =137 Male Patients with advanced ~ Aerobic Aerobic: Unknown TNF-o
chronic heart Control 60 +11
Failure (NYHA Class Control:
11IB) 62 +10
Feiereisen et al., Luxembourg 15(Concurrent) Unknown Patients with chronic Concurrent Concurrent: Unknown TNF-a, IL-6
2013 + heart failure (NYHA Resistance 60.6 + 5.6
15(Resistance) class II-IIT) Aerobic Resistance:
+ Control 57.9+5.8
15(Aerobic) Aerobic:
+ 59.4 + 6.5
15(Control) Control:
=60 55.5+7.5
Fernandes-Silva Brazil 28 +16 = 44 Male/ Patients with heart Aerobic Aerobic: Aerobic: 1L-6, TNF-alpha
et al., 2017 Female failure (NYHA Class IV) Control 51+7 29+ 4
Control: Control:
48 +7 28+ 4

Fuet al., 2013 Taiwan 15(Aerobic Male/ patients with heart Aerobic Aerobic: Unknown 1L-6
interval) Female failure (NYHA Class II- Interval Interval 67.5
+ 11I) Continuous +1.8
15(Aerobic Control Continuous
continuous) 66.3 + 2.1

(continued on next page)
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Table 2 (continued)

Source, yrs Country Exercise + Control ~ Gender Participants Groups Age (yrs) BMI (kg/m?) Inflammaging
= Total sample characteristics (Baseline) (Baseline) markers (TNF-q, IL-6,
size (Baseline) Mean + SD Mean + SD IL-1 beta, IL-8, hs-

CRP)
+ Control:
15(Control) 67.8 +£2.5
=45
Giallauria et al., Italy 37 +38=75 Male/ Patients with acute Aerobic Aerobic: Aerobic: hsCRP
2011 Female myocardial infarction Control 61+7 27.3+22
(AHA Class IIB or III) Control: Control:
60 + 8 28.2+2.8
Gielen et al., Germany 15 + 15 = 30 Male/ Patients with chronic Aerobic Aerobic: Aerobic: TNF-alpha
2012 15+15=30 Female heart failure < 55 yrs Control 50 + 19.36 29 +7.74
and > 65 yrs (NYHA Aerobic Control: Control:
Class II-11I) Control 49 +19.36 30 +£11.61
Aerobic: Aerobic:
72 +15.49 28 +11.61
Control: Control:
72 +£11.61 28 +£7.74
Isaksen et al., Norway 19+11 =30 Male Patients with ischemic Aerobic Aerobic: Aerobic: hs-CRP
2019 heart failure (LVEF < Control 69+9 27.3+4.2
40%) Control: Control:
66 + 9 27.2 +£ 3.8
Karavidas et al., Greece 16 + 8 =24 Male/ Patients with chronic Resistance/ Resistance: Resistance: TNF-alpha, IL-6
2006 Female heart failure (NYHA Functional 57.4 +15.3 26.57 + 4.80
Class II-III) electrical Control: Control:
stimulation 63.8 + 8.1 28.07 + 3.68
Control
Kim et al., 2008 Korea 29 +10=139 Male/ Patients with coronary Aerobic Aerobic: Aerobic: hs-CRP, TNF-q, IL-1p,
Female artery disease Control 59.9 + 8.61 25.6 + 3.23 1L-6
Control: Control:
52.8 +£11.70 26.6 + 2.21
Kim et al., 2011 Korea 69 +72 =141 Male/ Patients with acute Aerobic Aerobic: Unknown hs-CRP
Female myocardial infarction Control 61.93 +10.67
Control:
64.49 + 9.31
Kobayashi et al.,  Japan 14+ 14 =28 Male/ Patients with chronic Aerobic Aerobic: Unknown 1L-6
2003 Female heart failure (NYHA Control 55 + 7.48
Class II-III) Control:
62 +7.48
Lara Fernandes Brazil 15+ 19 =34 Male/ Patients with coronary Aerobic Aerobic: Aerobic: CRP
etal., 2011 Female artery disease Control 60.7 + 6.7 28.6 £ 5.9
Control: Control:
59.5+7.3 27.6 + 3.6
Larsen et al., Norway 28 +16 = 44 Male Patients with heart Aerobic Aerobic: Unknown TNF-alpha, IL-6
2001 failure (NYHA Class II- Control 67 +8
1) Control:
62+5
Linke et al., Germany 12411 =23 Male Patients with chronic Aerobic Aerobic: Unknown TNF-a, IL-1f
2005 heart failure (NYHA Control 55 + 6.92
Class II-I1I) Control:
52 + 9.94
Marco et al., Spain 11+11=22 Male/ patients with chronic Concurrent Concurrent: Concurrent: hs-CRP
2013 Female heart failure (NYHA Control 68.5 + 8.88 28.4 + 3.64
class II-IIT) Control: Control:
70.1 +£10.75 26.3 +£2.4
Masterson- USA 163 + 157 = 320 Male/ Patients with chronic Aerobic 58.66 + 11.91 Unknown hsCRP
Creber et al., Female heart failure (NYHA Control
2015 Class II-1V)
Mc Dermott USA 24 +8=234 Male/ Peripheral arterial Aerobic Aerobic: Aerobic: hs-CRP, IL-6
et al., 2004 Female patients Control 69.4 + 9.6 28.6 = 5.1
Control: Control:
65.9 +£ 6.2 28.8 £ 6.1
Melo et al., Portugal 74+9=16 Male/ Patients with chronic Aerobic 69.4 +7.2 28.2 + 4.8 TNF-alpha, IL-6
2019-a Female heart failure (atrial Control

fibrillation) (NYHA
Class II-1V)

Melo et al., Portugal 11+10=21 Male/ Patients with chronic Aerobic 66.2 + 14.57 26.7 + 4.58 TNF-alpha, IL-6
2019-b Female heart failure (sinus Control
rhythm) (NYHA Class
1I-1V)
Milani et al., USA 235 + 42 =277 Male/ Patients with coronary Aerobic Aerobic: Aerobic: hs-CRP
2004 Female heart disease Control 66.7 + 11 27.9 + 4.9
Control: Control:
63.9 +£11.1 29.2+5

(continued on next page)
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Table 2 (continued)

Source, yrs Country Exercise + Control ~ Gender Participants Groups Age (yrs) BMI (kg/m?) Inflammaging
= Total sample characteristics (Baseline) (Baseline) markers (TNF-q, IL-6,
size (Baseline) Mean + SD Mean + SD IL-1 beta, IL-8, hs-
CRP)
Munk et al., Norway 18 +18 =36 Male/ Patients with angina Aerobic Aerobic: Aerobic: 1L-6, TNF-alpha, IL-8
2011 Female pectoris Control 59.5+10 26.1 + 4
Control: Control:
60.7 +9 28.4 +3.3
Myers et al., USA 26 + 31 =57 Male/ Patients with Concurrent Concurrent: Concurrent: CRP
2010 Female abdominal Control 731+6 28.2 + 4.4
aortic aneurysm Control: Control:
70.4+9 26.9 + 3.4
Niebauer et al., UK 18 +9=27 Male/ Patients with chronic Concurrent Concurrent: Unknown TNF-alpha, IL-6
2005 Female heart failure Control 53.6 +9.2
Control:
51.3 +£6.9
Parrinello et al., Italy 11+11=22 Male/ Patients with Aerobic Aerobic: Unknown CRP
2010 Female compensated Control 62.3 + 4.9
congestive heart failure Control:
(NYHA Class II-I1I) 63.2+5
Pierce et al., USA 8+6=14 Male/ Patients with heart Aerobic Aerobic: Aerobic: CRP, IL-6, TNF-a
2008 Female transplant recipients Control 53.5+13.6 Unknown
Control: Control:
54.2 + 6.4 25.8 + 3.8
Prescott et al., Denmark 20 + 23 =43 Male/ Patients with chronic Concurrent Concurrent: Concurrent: hsCRP, IL-6, TNF-
2009 Female systolic heart failure Control 68 +11 27.7 £ 4.12 alpha
(NYHA Class II-1V) Control: Control:
66.9 +12.5 27.7 £ 5.92
Pullen et al., USA 9+10=19 Male/ Patients with chronic Aerobic Aerobic: Unknown 1L-6, hs-CRP
2008 Female heart failure (NYHA Control 52.1 + 3.3
Class II-I1I) Control:
50.5 +12.8
Racca et al., Italy 47(Aerobic) Male/ Patients with not Aerobic Aerobic: Aerobic: IL-1, IL-6, TNFa, IL-
2020 + Female experience atrial Aerobic 71+ 6 24.1 + 2.6 8
35(Aerobic) fibrillation (NoAF) Aerobic Aerobic: Aerobic:
+ Patients with Control 71+5 25.8 £ 2.2
14(Aerobic) postoperative atrial Aerobic: Aerobic:
+ fibrillation (POAF) 77.5 £ 6.5 26.4 + 2.4
40(Control) Patients with Control: Control:
=136 permanent atrial 66.2 + 10.6 25.1 £ 4.2

fibrillation (AF)

Rankovi¢ et al., Serbia 22 +30=52 Male/ Patients with ischemic Aerobic Aerobic: Aerobic: hs-CRP
2009 Female heart disease Control 62.7 +£7.1 29.3 +3.2
Control: Control:
58.4+7.6 29.1 +£2.7
Redwine et al., USA 24(Aerobic) Male/ Patients with heart Aerobic Aerobic: Aerobic: CRP, IL-6, TNF-alpha
2020 + Female failure (AHA Class III) Resistance 63+9 32+8
22(resistance) Control Resistance: Resistance:
+ 65+ 9 33+8
23(Control) Control: Control:
=69 67 +7 31+6
Shin et al., 2006 Korea 15(Aerobic) Male/ Patients with coronary Aerobic Aerobic: Aerobic: hs-CRP, IL-6
+ Female artery disease/ acute Aerobic 59.3 + 6.97 25.7 + 3.48
14(Aerobic) myocardial infarction Control Aerobic: Aerobic:
+ 60.6 +9.72 25.8 + 2.61
10(Control) Control: Control:
=39 52.5 + 12.64 26.6 + 2.21
Tisi et al., 1997 UK 67 + 15 =82 Male/ Patients with Aerobic 69.3 Unknown CRP
Female intermittent Control 66.2
claudication
Trippel et al., Germany 43 +19 =62 Male/ Patients with heart Concurrent 64.4 +7.2 Unknown TNF-alpha, IL-1p, IL-
2017 Female failure Control 6
Tsarouhas et al., Greece 27 +12=39 Male/ Patients with chronic Aerobic Aerobic: Aerobic: TNF-a
2011 Female heart failure (NYHA Control 66.8 + 13.1 241 +7.1
Class II-III) Control: Control:
67 £5.6 25.5 + 4.5
Walther et al., Germany 51 +50 =101 Male Patients with coronary Aerobic Aerobic: Aerobic: hs-CRP, IL-6
2008 artery disease Control 62 +7.14 27.2 +£2.85
Control: Control:
60 + 7.07 28 + 3.53
Yeh et al., 2011 USA 50 + 50 = 100 Male/ Patients with chronic Aerobic Aerobic: Unknown CRP, TNF-alpha
Female heart failure (NYHA Control 68.1 £11.9
Class I-11I) Control:
66.6 + 12.1

Note: American heart association (AHA), Canadian cardiovascular society (CCS), high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), interleukin-1 beta
(IL-1-beta), interleukin-8 (IL-8), New York heart association (NYHA), tumor necrosis factor alpha (TNF-a), Left ventricular ejection fraction (LVEF).
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Source, yr

Exercise group

Type

Frequency
(days/
week)

Follow-up
(Duration)

Training protocol

Supervised
or
Unsupervised

Control group

Abolahrari-
Shirazi et al.,
2018-a

Abolahrari-
Shirazi et al.,
2018-b

Adamopoulos
et al., 2002

Adamopoulos
et al., 2014

Ahmad et al.,

2014

Aksoy et al.,
2015

Combined (cycle +
weight training)

Endurance (cycle)

Aerobic (bicycle)

Concurrent (cycle +
inspiratory muscle
training)

Aerobic (walking,
treadmill or cycling)

Aerobic (cycle)

3

3

7 weeks

7 weeks

12 weeks

12 weeks

12 weeks

10 weeks

Combined = endurance + resistance.
Endurance training = 45 min at 40%-—
70% peak VO2 predicted; exercising on a
cycle ergometer for 20 min, an arm
ergometer for 10 min, and a treadmill for
15 min;

Resistance training = knee extension,
knee flexion, elbow flexion, and
shoulder abduction. Initial intensity was
set as 40% one repetition maximum
(1RM) and then increased gradually to
60% 1RM. The total duration of the
resistance exercise protocol was
approximately 15 min.

Endurance training = 45 min at 40%-—
70% peak VO2 predicted; exercising on a
cycle ergometer for 20 min, an arm
ergometer for 10 min, and a treadmill for
15 min.

Home-based bicycle exercise training
program: The training program
consisted of five days per week, 30 min
per day; patients and normal control
subjects were instructed to exercise at
50 rpm to keep their continuously
monitored heart rate in the range of 60%
to 80% of their previously determined
maximal heart rate.

Patients in the Concurrent group
underwent aerobic training for 45 min
on an ergometer at 70-80% HRmax with
warm-up and cool down periods lasted 5
min. resistance training including an
inspiratory-incremental resistive loading
device was performed at 60% of
individual sustained maximal
inspiratory pressure (SPImax) with six
inspiratory efforts at each level. Initially,
the first level presented templates at 60 s
rest intervals over its six inspiratory
efforts, but at the second level through to
the sixth level, this rest period was
reduced to 45, 30, 15, 10, and 5 sec.
After the sixth level, the rest period was
kept at 5 sec. The duration of training
was 30 min.

Patients in aerobic group performed
walking, treadmill, or stationary cycling
as their primary training mode. Aerobic
exercise was initiated at 15 to 30 min per
session at a heart rate corresponding to
60% of heart rate reserve. Patients in the
aerobic group were also provided home
exercise equipment, and home exercise
adherence and amount were formally
measured

Aerobic training: Intermittent aerobic +
Continuous aerobic: Both group started
with power attained at 50% of peak VO2
and continued with increments of power
in every 2 wks until achievement of
power attained at 75% of peak VO2; a
single session consisted of 35 min of
aerobic exercise (by ergometers with an
electromagnetic brake at a constant
pedal rate of 50 revolutions per min)
including 10 min of warm-up and cool
down.

Intermittent aerobic: worked for 60-sec
bouts of cycling at a determined
intensity and worked for 30-sec intervals

Supervised

Supervised

Unknown

Supervised

Supervised

Supervised

Control group only received a pamphlet
for daily exercising at home including ten
types of active exercises, 10 repetitions
and each exercise session at home lasted
15-20 min.

Control group only received a pamphlet
for daily exercising at home including ten
types of active exercises, 10 repetitions
and each exercise session at home lasted
15-20 min.

Control group was performed home-
based bicycle exercise training
programme similar to the aerobic group.

Patients in control group underwent
aerobic + resistance trainings similar to
the exercise group with only 10% of their
sustained maximal inspiratory pressure
(SPImax).

Patients in the usual care group, received
detailed self-management educational
materials that included information on
medications, fluid management,
symptom exacerbation, sodium intake,
and amount of activity recommended.

Control group was on optimal medical
therapy without any particular regular
physical activity before.

(continued on next page)
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Source, yr

Exercise group

Type

Frequency
(days/
week)

Follow-up
(Duration)

Training protocol Supervised

or

Unsupervised

Control group

Balen et al.,
2008

Butts et al., 2018

Byrkjeland et al.,
2011

Conraads, et al.,
2002

de Meirelles
et al., 2014

Eleuteri et al.,
2013

Erbs et al., 2010

Aerobic (cycle)

Aerobic (walking)

Aerobic (walking)

Combined (cycling or

jogging + weight
training)

Concurrent (walking

+ weight training)

Aerobic (cycle)

Aerobic (bicycle)

3 3 weeks

3 3 months

2 4 months

3 4 months

3 6 months

5 3 months

3-6 12 weeks

of low intensity cycling at 30 W, making
a total of 17 cycles of low- and high-
intensity bouts in a session.

Continuous aerobic: worked without any
change in the intensity of the exercise
during a single session.

Aerobic group was performed a 45 min
aerobic activity on a cycle-ergometer
with exercise intensity reaching a level
of heart rate 50-60% VO2peak
monitored on ergospirometry. Addition
to this training was a daily 30-minute
organized program of supervised
walking on a standardized track.
Aerobic group was instructed to walk for
30 min 3 times per week at 60%
maximum heart rate for the first two
weeks, 45 min 3 times per week at 60%
maximum heart rate for weeks three and
four, and 45 min 3 times per week at
70% maximum heart rate for the
remaining eight weeks.

Aerobic group was performed three
intervals of high intensity (15-18 on the
Borg scale) and two periods of moderate
intensity (11-13 on the Borg scale), in
addition to warm-up and cool-down
periods, 50 min walking per session and
twice a week.

Combined group was performed
endurance/ resistance exercise
programme for 60 min. Endurance = at
90% of the ventilator threshold
including 20 min of cycling and/or
jogging with a 5 min warming-up or
cooling-down and stretching period.
Resistance = resistive weight training at
50% of 1-RM, two sets, consisting of 10
repetitions for 30 min.

Concurrent group was performed
aerobic, resistance, and stretching
exercises for 90 min. Aerobic: 30 min of
treadmill exercise with 5-15% above the
ventilator threshold. Resistance: whole
body skeletal muscle strength with 2-3
sets of 10-15 repetition maximum of
8-10 exercises for the major muscle
groups. Stretching: part of cool-down
period for the major muscle groups.
The training protocol consisted of 5
sessions a week of 30-min cycle
ergometry (60 rev/min) at a power and
heart rate corresponding to ventilatory
anaerobic threshold (VAT), preceded
and followed by a 5-min warm-up and
cool-down unloaded period,
respectively. A ramp incremental
cardiopulmonary exercise test was
repeated 6 weeks after the start of the
study, in order to adjust training
stimulus intensity.

During the first 3 weeks, patients
exercised 3 to 6 times daily for 5 to 20
min on a bicycle ergometer adjusted to
the work load at which 50% of
maximum oxygen uptake (VO2max) was
reached in-hospital. On discharge,
patients were provided with bicycle
ergometers for home exercise training
(defined as the heart rate reached at 60%
of VO2max).

Supervised

Supervised

Supervised

Supervised

Supervised

supervised

Supervised

10

Control group without active training
was provided with standard care.

Control group received education and
flexibility and stretching exercises to
control for the possible confounding
variable of receiving attention from a
healthcare professional.

Control group was referred to standard
follow-up care by their primary physician
and was not discouraged from regular
physical activity.

Control group was age- and gender
matched patients with comparable
disease severity, attending the outpatient
heart failure clinic, served as the
untrained heart failure.

Control group was on optimal medical
therapy and usual care during 6 months.

Control group was continued their
normal activities without exercise
intervention.

Control patients assigned to the control
group continued in no exercise
intervention

(continued on next page)
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Source, yr

Exercise group

Type

Frequency
(days/
week)

Follow-up
(Duration)

Training protocol

Supervised
or
Unsupervised

Control group

Feiereisen et al.,
2013-a

Feiereisen et al.,
2013-b

Feiereisen et al.,
2013-c

Fernandes-Silva
et al., 2017

Fuetal., 2013

Giallauria et al.,
2011

Gielen et al.,
2012

Isaksen et al.,
2019

Concurrent (bicycle
+ weight training)

Resistance (weight
training)

Aerobic (bicycle)

Aerobic (cycle)

Aerobic (cycle)

Aerobic (bicycle)

Aerobic (bicycle)

Aerobic (cycling or
running)

3

3

3

4

3

14 weeks
(40
sessions)

14 weeks
(40
sessions)

14 weeks
(40
sessions)

12 weeks

12 weeks

6 months

4 weeks

12 weeks

Combined training group executed 20
min of bicycle training and 20 min of
strength training on 5 different weight
machines. Every training session was
preceded by a warm-up period of 5 min
of bicycle training at 30% of VO2 peak.
Strength training group executed 10
different strength exercises on weight
machines during 40 min, starting at 60%
of previously determined 1 repetition
maximum (1RM), and progressively
increasing to 75% of 1RM. Every
training session was preceded by a
warm-up period of 5 min of bicycle
training at 30% of VO2 peak.

Aerobic group trained for 40 min on a
bicycle and treadmill, starting at a target
heart rate corresponding to 60% of
previously determined peak oxygen
uptake (VO2 peak), which they
progressively adapted to reach 75% of
the VO2 peak. Every training session was
preceded by a warmup period of 5 min of
bicycle training at 30% of V O 2 peak.
Aerobic training was performed in a
cycle ergometer during 30 min, added to
5-min warming and cool-down
respectively. The perceived effort was
also monitored and

kept between 11 and 14 in the Borg
scale.

Aerobic training including 2 groups:
aerobic interval training (AIT) and
moderate continuous training (MCI).
The AIT group warmed up for 3 min at
30% of VO2peak [~30% heart rate
reserve (HRR);~30% - (HRpeak —
HRrest) + HRrest] before exercise five 3-
minute intervals at 80% of VO2peak
(~80% HRR). Each interval was
separated by 3-minute exercise at 40% of
VO2peak (~40% HRR). The exercise
session was terminated by 3-minute
cool-down at 30% of VO2peak. The MCT
group comprised a warm-up at 30% of
VO2peak for 3 min, followed by
continuous 60% of VO2peak (~60%
HRR) for 30 min, then a cool-down at
30% of VO2peak for 3 min. The two
protocols were isocaloric at the same
exercise duration.

Aerobic exercise was performed for 30
min on a bicycle ergometer with the
target of 60% to 70% of the peak oxygen
consumption achieved at the initial
symptom-limited cardiopulmonary
exercise test (CPET) monitored by a
wearable device; Each session was
preceded by a 5-minute warming-up and
followed by a 5-minute cool-down.

The exercise intervention consisted of 4
supervised training sessions per
weekday for 20 min each (excluding 5
min of warming-up and cooling down)
with the use of a bicycle ergometer at
70% of the symptom-limited maximum
oxygen uptake.

Aerobic exercise consisted of 15-min of
warm-up at 60-70% of maximal heart
rate (HRmax). The patients then
performed four 4-min intervals at 85% of
HRmax (Borg scale 15-17 Rate of

11

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Control group was without exercise
intervention.

Control group was continued their
lifestyle activities without exercise
intervention.

Control group was continued without
exercise activities.

Control group was under guideline-
directed medical therapy without
exercise activities.

Control group only engaged in general
home-based health care

Control group was discharged with
generic instructions for maintaining
physical activity and a correct lifestyle.

Control group received usual clinical care
by their physicians.

Control group was without exercise
activities.

(continued on next page)
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Source, yr

Exercise group

Control group

Type

Frequency
(days/
week)

Follow-up
(Duration)

Training protocol

Supervised
or
Unsupervised

Karavidas et al.,
2006

Kim et al., 2008

Kim et al., 2011

Kobayashi et al.,

2003

Lara Fernandes
et al., 2010

Larsen et al.,
2001

Linke et al.,
2005

Resistance (electrical
stimulation)

Aerobic (treadmill or
bicycle)

Aerobic (treadmill or
bicycle)

Aerobic (cycle)

Aerobic (cycling)

Aerobic (walking and
jogging)

Aerobic (walking and
bicycle)

Unknown

2-3

6 weeks

14 weeks

4 months

12 weeks

4 months

12 weeks

6 months

Perceived Exertion (RPE)). Participants
exercised by means of a cycle ergometer
or by running on a treadmill. The
intervals were interrupted by short
periods of active recovery at 60-70% of
maximal HR lasting 3 min. Twenty
minutes of cool down and stretching
concluded each session.

Functional electrical stimulation group
was trained for 30 min a day. The
stimulator was configured to deliver a
direct electrical current at 25 Hz for 5 s
followed by 5 s of rest. The intensity of
the stimulation was adjusted to achieve a
visible muscle contraction that was not
sufficiently strong to cause discomfort or
a significant movement at either the
knee or the angle joints. When the
muscles of the right leg were contracted,
the muscles of the left leg were relaxing
and vice versa.

Aerobic exercise included a warm-up,
30- to 40-min exercise on a treadmill or
bicycle ergometer, and a cool-down.
Exercise intensity in the first stage was
increased progressively from 50 to 85%
of VO2max determined by exercise test.
Aerobic exercise group consisted of a
total of 50 min, including warm-up (10
min), exercise (30 min), and cool-down
(10 min). Intensity of exercise was
adjusted on a test result basis by
calculation of heart rate reserve first,
followed by the increased target heart
rate from 40% to 85% of the value in
phases.

Aerobic group underwent supervised
cycle ergometer training in two 15-min
sessions. In each session, the exercise
speed was adjusted to maintain the heart
rate equivalent to the ventilatory
threshold level for 15 min.

Aerobic exercise consisted of three 60-
min exercise sessions per week (5 min
stretching, 40 min of cycling, 10 min of
local strengthening and 5 min of cool
down). Exercise intensity was calculated
for a target heart rate between anaerobic
threshold and respiratory compensation
point.

Aerobic exercise consisted of 10 min of
warmup, 25 min of endurance training,
and 10 min of cooling down and
stretching. The endurance training was
based on callisthenics: low-impact
aerobic walking and jogging using the
large muscle groups in both the upper
and lower extremities at approximately
80% of maximum capacity.

Aerobic exercise close to their target
heart rate daily (at 70% of maximum
oxygen uptake) for 20 min for a period of
6-month and were expected to
participate in one group training session,
consisting of walking, noncompetitive
ball games, and calisthenics, for 60 min
each week. During the first 2 weeks,
Aerobic group exercised in hospital 4 to
6 times daily for 10 min each on a
bicycle ergometer adjusted to a
workload at which 70% of peak oxygen
uptake was reached.

12

Control group was exposed to the same
regimen as the functional electrical
stimulation group, except that the
intensity of stimulation did not lead to
visible or palpable contractions, as
judged objectively or subjectively.

Supervised

Control group was followed up with
standard care as outpatients.

Supervised

Control group underwent general
activities on exercise or risk factors
management and were instructed to
maintain their own activities and
cardiovascular risk factors management.

Supervised

Control group was instructed to continue
leading their normal lifestyle without
exercise intervention.

Supervised

Control group received
recommendations for lifestyle
modification without exercise
intervention.

Supervised

Control group participated in no exercise
intervention.

Supervised

Control group participated in no exercise
intervention.

Supervised

(continued on next page)
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Source, yr

Exercise group

Type

Frequency
(days/
week)

Follow-up
(Duration)

Training protocol

Supervised
or
Unsupervised

Control group

Marco et al.,
2013

Masterson-
Creber et al.,
2015

Mc Dermott
et al., 2004

Melo et al., 2019

Milani et al.,
2004

Munk et al.,
2011

Myers et al.,
2010

Niebauer et al.,
2005

Concurrent
(inspiratory muscle
endurance &
strength)

Aerobic (walking or
cycling)

Aerobic (walking)

Aerobic (walking)

Aerobic (walking or
jogging)

Aerobic (bicycle or
running)

Concurrent
(treadmill, cycling,
stair climbing,

elliptical training and

rowing)

Concurrent
(calisthenics and
bicycle)

7

2

3

3

4 weeks

12 months

12 weeks

6 months

3 months

6 months

12 months

8 weeks

Concurrent group performed high-
intensity inspiratory muscle training for
20 min with 10 consecutive maximal
repetitions (10RM), five sets of 10
repetitions followed by 1-2 min of
unloaded recovery breathing off the
device and training intensity with 100%
of their 10RM twice a day.

Aerobic group performed walking or
cycling at a 60-70% HRmax reserve for
30-35 min.

Aerobic exercise included of step back
on the treadmill and walk 20 min
continuously, the treadmill speed and
grade were increased alternately by 0.5
miles per hour and 2%, respectively, to
maintain an 11 to 12 rate of perceived
exertion. During the first week of
training, the total time the participants
spent exercising on the treadmill was 30
min. Their total time walking on the
treadmill was increased gradually to a
maximum of 50 min per session

HIIT group performed of 4 interval
training periods (high intensity: 90-95%
of maximal heart rate if below the device
threshold, and if not, 90-95% of the
device threshold was used) with 3 lower-
intensity active periods (moderate
intensity: 60-70% of maximal heart rate
if below the device threshold) between
interval training periods as well as a 10-
min warm-up and a 5-7 min cool-down
and implemented twice a week, each for
60 min.

Aerobic group received formalized
exercise instruction, 3 times per week for
group exercise classes and lasting 20-60
min on the treadmill (walking/jogging),
work capacity usually levels out at a
maximal level of 5-8 METs for most
cardiac rehabilitation participants, and
was encouraged to exercise on their own
(1-3 times per week) in between
sessions. Although compliance with
formal rehabilitation and exercise
sessions was assessed, but not record
compliance with home exercise
frequency or duration.

Aerobic exercise consisted of a warm-up
period, followed by four 4-minute
intervals at 80-90% of maximal heart
rate, when patients were riding an
ergometric bicycle or were running, 3
times a week for 1 h. Intervals were
interrupted by 3 min of active recovery
at 60-70% of maximal heart rate.
Afterwards, there were 5 min cool-down,
10 min abdominal- and spine-resistance
exercises, and 5 min of stretching and
relaxing.

Exercise sessions included treadmill,
cycle ergometry, stair climbing,
elliptical training, and rowing 3 times
weekly for 45 min followed by 10 min of
resistance exercise. The initial intensity
target was 60% of heart rate reserve
estimated from baseline testing,
increasing to 80% as tolerated.

Exercise training consisted of at least 5
days a week of a combination of
calisthenics and bicycle ergometry,

13

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Control group received sham- inspiratory
muscle training at an initial workload of
10 cmH20 which was increased 2.5
cmH20 every week.

Control group or patients in the usual
care group were not provided with a

formal exercise prescription.

Control group received usual clinical

care.

Control group patients received usual
care.

Control group participated in no exercise
prescription.

Control group received usual care.

Control group received usual care.

Control group was without exercise
intervention.

(continued on next page)
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Source, yr Exercise group

Frequency
(days/
week)

Follow-up
(Duration)

Type

Training protocol

Supervised
or
Unsupervised

Control group

Parrinello et al., 10 weeks

2010

Aerobic (walking) 5

Pierce et al., 12 weeks

2008

Aerobic (walking) 7

Prescott et al., 8 weeks

2009

Concurrent walking, 2
cycling, step machine,

and step board +

weight training)

Pullen et al., 8 weeks

2008

Aerobic (yoga) 2

Racca et al., 3 weeks

2020

Aerobic (cycling) 5

Aerobic (treadmill, 3 6 weeks

bicycle or walking)

Rankovic et al.,
2009

Redwine et al., Aerobic (Tai Chi) 2 16 weeks

2020-a

performed at home. Participants were
asked to do the first nine exercises in the
Canadian airforce XBX program
(physical fitness program). Participants
were loaned a bicycle ergometer and
asked to exercise on it for 20 min a day.
They were asked to warm up by pedaling
at a work load of 25 W at 50 rev/min for
3 min and then to increase the resistance
until their pulse rate was between 70%
and 80% of the maximum pulse rate
achieved on their initial maximal
treadmill test. They then pedaled at 50
rev/min for 20 min before decreasing
the resistance to 25 W to cool down for
2-3 min.

Aerobic group performed an aerobic
physical training program consisting in
mild-moderate walking exercise for 30
min over the usual physical activity.
Aerobic training began with 30 min of
continuous treadmill walking and
progressed to 35-40 min as tolerated
after the initial 4 weeks. Exercise
intensity was progressed to an RPE in the
12-14 Borg scale range ‘as tolerated’ by
each participant.

Concurrent group was performed 1.5-h
training session comprised of 20 min
warm-up period followed by four 6-min
series of aerobic training (walking,
cycling, step machine, and step board)
and two posts of resistance endurance
exercises (leg press and exercises with
rubber bands for quadriceps, gluteus/
hamstring region, and arms; three sets of
20 repetitions with each arm/leg). Each
patient’s training intensity was adjusted
to achieve 70-80% of peak oxygen
consumption, corresponding to 4-5 on
the Modified Borg Scale [range 0 (no
breathlessness at all) to 10 (maximal
breathlessness)].

Aerobic group performed a 10-minute
warm-up phase, a 40-minute period of
standing or seated yoga postures
(Asanas), and finally a 20-minute
relaxation phase including breathing
exercises (pranayama) and meditation.
Aerobic group started a standardized
therapy protocol of supervised physical
training with five daily sessions of
cycling for 3 weeks until the discharge.
Each session was performed at 70%
maximal heart rate for at least 30 min.
The sessions duration increased by ten
minutes every three days, up to 50 min
twice a day.

Aerobic training consisted of continual
aerobic exercise for

45 min on a treadmill, room bicycle or
walking. The intensity of physical
exercise was limited to the submaximal
physical capacity at the level of 70-80%
of maximal heart frequency at the stress
test.

Aerobic group performed Tai Chi Chuan
movements (Yang-Style Short
Form-First Third) for 60 min per session
with warm-up and was also asked to
practice at home for 10-20 min per day
on non-class days. Participants were

14

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Supervised

Control group continued their medical
therapy and dietary recommendations
with routine activities.

Control group received standard of
medical care, which included
encouragement to engage in regular
walking, but they did not participate in
‘supervised’ exercise training.

Control group received usual
care

Control group received standard medical
therapy.

Control group participated in no
intervention.

Control group participated in no exercise
intervention.

Control group as usual care group did not
take part in an intervention.

(continued on next page)
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Source, yr

Exercise group

Type Frequency
(days/
week)

Follow-up
(Duration)

Training protocol

Supervised
or
Unsupervised

Control group

Redwine et al.,
2020-b

Shin et al., 2006

Tisi et al., 1997

Trippel et al.,
2017

Tsarouhas et al.,
2011

Walther et al.,
2008
Yeh et al., 2011

Resistance (resistance 2
band)

Aerobic (treadmill or 3
bicycle)

Aerobic (active and 7
passive leg exercises
+ walking)

Concurrent (bicycle 3
+ weight training)

Aerobic (walking) 5

Aerobic (bicycling)

Aerobic (Tai Chi) 2

Unknown

16 weeks

14 weeks

12 months

12 weeks

12 weeks

24 months

12 weeks

asked to exercise at an intensity using
the Borg ratings of perceived exertion
(RPE) of 11-13 (“fairly light” to
“somewhat hard™).

Resistance group performed resistance
band exercises (Upper back, Tricep
extension, Bicep curl, Chest press,
Internal obliques, Standing hip
abduction, Standing hip extension,
Seated leg extension, Bent over rows,
Lateral rows) with 8—10 repetitions on
each side) as well as warm-up and
stretching exercises and was also asked
to practice at home for 10-20 min per
day on non-class days. Participants were
asked to exercise at an intensity using
the Borg ratings of perceived exertion
(RPE) of 11-13 (“fairly light” to
“somewhat hard”).

Aerobic training consisted of a warm-up
period, 30-40 min on a treadmill or
bicycle ergometer, and a cool-down
period. The exercise intensity of the first
stage was increased progressively from
50% to 85% of VO2max determined by
symptom-limited treadmill exercise.
Aerobic exercise consisted of a series of
active and passive leg exercises
performed to the limit of claudication
pain. Patients were encouraged to
exercise for at least 45 min every day at
home, in addition to daily walks of at
least 1 mile.

Concurrent group performed supervised
structured endurance/resistance
exercise training on top of usual care.
The first 4 weeks of training are
exclusively endurance training on a
bicycle ergometer. Patients start
endurance training at 50% peakVO2 in
the first 2 weeks and increase intensity
up to 70% peak VO2 after 1-month
including 10 min for warm-up and cool-
down, exercise volume of endurance
training increases from 30 min in the
first 2 weeks to 60 min after 3 month.
After the initial 4 weeks, resistance
training is included into a minimum of
two of the three training sessions per
week, which was performed as a set of
seven exercises on weight-training
machines to work out the major muscle
groups. Each exercise consists of 12-15
repetitions and is performed at 60% of
one-repetition-maximum (1-RM) with
one repetition lasting 3 s; 1-RM testing is
performed regularly. After 3 months of
intervention, patients increase resistance
training to two sets, allowing 90 s of rest
between set.

Aerobic group performed walking at
40% of HRmax for 10 min progressing to
reach 40 min at 60% of HRmax.
Aerobic group performed daily bicycling
without any supervision.

Aerobic group was performed 1-hour tai
chi exercises, twice weekly for 12 weeks
by standard protocol of a pilot trial in
patients with heart failure.

Supervised

Supervised

Supervised

Supervised

Unsupervised

Unsupervised

Supervised

Control group as usual care group did not
take part in an intervention.

Control group received usual clinical care
by their physicians.

Control group participated in no exercise
intervention.

Control group received usual care.

Control group received usual care.

Control group received usual care and
percutaneous intervention (PCI).
Control group patients received time-
matched education without exercise
intervention.
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Model Studz name Subgroug within Sll‘dy

Std diff  Standard

Statistics for each study
Lower Upper

Std diff in means and 95% ClI

inmeans error Variance limit limit Z-Value p-Value
Adzmopoulos etal., 2002 Aerobic -0.668 0.311 0.097 -1.277 -0.058 -2.147 0.032 e — |
Ralen et al 2008 Aerahic 0136 0258 NNA7 -N370 NA4R 0827 0598
Byrkjeland et al., 2011 Aerobic -0.002 0.224 0.050 -0.440 0.436 -0.009 0.993
Conraads et al., 2002 Concurrent -0.301 0.316 0.100 -0.921 0320 -0.950 0.342 D —
de Meirelles et al., 2014 Concurrent -0.627 0.374 0.140 -1.360 0.106 -1.676 0.094 .
Erbs etal, 2010 Aerobic -0.484 0.348 0.121 -1.166 0.198 -1.391 0.164 '
Feiereisenetal., 2013-a  Aerobic -0.365 0.368 0.136 -1.087 0356 -0.992 0.321 =
Feiereisenetal., 2013-b  Concurrent -0.468 0.370 0.137 -1.194 0257 -1.266 0.206 L
Feiereisenetal., 2013<  Resistance -0.504 0.371 0.138 -1.231 0223 -1.359 0.174 L
Femandes-Silva et al., 2017Aerobic -0.042 0.313 0.098 -0.656 0573 -0.133 0.894 $
Gieenetal, 2012-a Aerobic -0.039 0.365 0.133 -0.755 0.677 -0.107 0.915
Gieenetal, 2012-b Aerobic 0.000 0.365 0.133 -0.716 0.716 0.000 1.000
Karavidas et al., 2006 Resistance -0.598 0.442 0.195 -1.463 0.267 -1.355 0.176 &
Kimetal., 2008 Aerobic -0.522 0.371 0.138 -1.250 0.206 -1.406 0.160 .
Larsen et al., 2001 Aerobic -0.195 0.314 0.099 -0.810 0421 -0620 0536 D m—
Linke et al., 2005 Aerobic -0.321 0.420 0.176 -1.144 0.502 -0.764 0.445 L
Meb et a;., 2019-b Aerobic -0.493 0.444 0.197 -1.363 0376 -1.113 0.266
Meb etal, 2019-a Aerobic -0.142 0.505 0.255 -1.131 0.847 -0.281 0.779 =
Munk etal., 2011 Aerobic 0.138 0.334 0.111 -0.516 0.792 0.414 0.679 —-.—
Niebauer et al., 2005 Concurrent -0.387 0.412 0.169 -1.194 0.420 -0.940 0.347 5
Pierce etal., 2008 Aerobic -15.235 2929 8.581-20.976 -9.494 -5.201 0.000
Prescott et al 2009 Concurrent 0.103 0.306 0.094 -0.496 0.703 0.338 0.735
Racca et al,, 2020-a Aerobic 0.336 0.315 0.099 -0.281 0.953 1.066 0.236
Racca et al., 2020-b Aerobic 0.099 0.325 0.106 -0.538 0.736 0.305 0.760
Raccaetal,, 2020 Aerobic 0.125 0.386 0.149 -0.630 0.881 0.325 0.745 e —
Redwine et al., 2020-a Aerobic 2634 0.456 0.207 1.742 3527 5783 0.000 —
Redwine et al., 2020-b Resistance 2.504 0.466 217 1591 3418 5.373 0.000 —
Trippel et al., 2017 Concurrent -0.267 0.277 0.076 -0.809 0.275 -0.967 0.333 .
Tsaouhas etal., 2011 Aerobic -0.276 0.348 0.121 -0.959 0406 -0.793 0.428 &
Yenetal, 2011 Aeropic 0.167 0.200 0.040 -0.226 0.55%Y 0.832 0.405 —'-.—
Fixed -0.055 0.062 0.004 -0.176 0.066 -0.897 0.370
Random -0.061 0.127 0.016 -0.310 0.187 -0.485 0.627 ‘
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B
Fig. 2. Forest plot of the impacts of exercise interventions on TNF-alpha. Data are standardized mean difference (SMD) and 95% confidence intervals (95% CIs).
(Favours A = exercise and Favours B = control).
article with acute exercise interventions (n = 39), and (j) articles total of 3693 participants including exercise groups (n = 2141) and
without enough information (n = 6). Two articles included two arms of control groups (n = 1552) were included. The flowchart of study se-
exercise intervention [25,26]. Two articles included three arms of ex- lection is shown in Fig. 1.
ercise intervention [27,28] and six articles included two arms of exercise
intervention [10,17,25,26,29,30]. A total of 46 full-text articles (57 3.2. Participant characteristics
intervention arms), 10 concurrent intervention arms, three resistance
intervention arms, and 44 aerobic intervention arms were included. A The participant characteristics of included studies are illustrated in
Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Adamopoulos etal., 2002 Aerobic -0.435 0.306 0.034 -1.035 0.165 -1.420 0.156 =
Byrijeland et al., 2011 Aerobic 0.153 0.224 0.050 -0.286 0591 0681 0.496 et
Conraads et al., 2002 Concurrent 0.378 0.317 0.121 -0.244 1.001 1.192 0.233
de Meirelles etal., 2014  Concurrent -0.140 0.366 0.134 -0.857 0576 -0.384 0.701 —————
Eleuterietal,, 2013 Aerobic 0.147 0.438 0.131 -0.710 1.005 0.337 0.736 L
Feiereisenetal,, 2013-a  Aerobic -0.447 0.370 0.137 -1.171 0278 -1.209 0.227 C
Feiereisenetal,, 2013-b  Concurrent -0.616 0.374 0.140 -1.348 0.117 -1.648 0.099 5
Feiereisen et al,, 2013-c Resistance -0.545 0.372 0.138 -1.274 0.184 -1.466 0.143 -
Ferrandes-Silva et al., 2017Aerobic -0.097 0.314 0.038 -0.712 0518 -0.309 0.757 e e
Fuetal, 2013-a Aerobic -0.494 0.481 0.231 -1.436 0.449 -1.027 0.304 .
Fuetal, 2013-b Aerobic -0.262 0.482 0.233 -1.207 0.683 -0.544 0.587 L
Karavidas et al., 2006 Resistance -0.129 0.433 0.138 -0.978 0.721 -0.297 0.766 .
Kimet al., 2008 Aerobic -0.158 0.367 0.135 -0.877 0562 -0.429 0.668 .
Kobayashi et al., 2003 Aerobic -0.105 0.378 0.143 -0.846 0636 -0.277 0.782 -i
Larsenetal., 2001 Aerobic 0.039 0.313 0.038 -0.575 0.654 0.126 0.900
Mc Dermottetal., 2004  Aerobic -0.454 0.399 0.159 -1.236 0328 -1.138 0255 L )
Melo et al., 2019-a Aerobic 0.373 0.508 0.258 -0.624 1.369 0.733 0.464 .
Melo et al., 2019-b Aerobic -0.839 0.456 0.28 -1.732 0.054 -1.842 0.066 L
Munketal., 2011 Aerobic -0.302 0.335 0.112 -0.959 0.355 -0.901 0.367 L
Niebauer et al., 2005 Concurrent 0.333 0.411 0.139 -0.472 1.138 0810 0.418 5
Pierce etal., 2008 Aerobic -0.957 0.570 0324 -2073 0.159 -1.681 0.093 =
Prescott et al 2009 Concurrent -0.131 0.306 0.034 -0.731 0.469 -0.428 0.669 R — 3 e—
Pullen et al., 2008 Aerobic -0.771 0.476 0.227 -1.704 0.163 -1.619 0.106 L
Raccaetal, 2020-a Aerobic -0.821 0.322 0.124 -1.452 -0.189 -2.547 0.011 — -.—
Raccaetal., 2020-b Aerobic -0.966 0.339 0.115 -1631 -0.300 -2.845 0.004 _._
Raccaetal., 2020-¢ Aerobic -0.477 0.391 0.153 -1.242 0289 -1.221 0.222 -
Redaine et al., 2020-a Aerobic 0.378 0.336 0.113 -0.281 1.037 1.125 0.261
Redaine et al., 2020-b Resistance -0.071 0.350 0.122 -0.756 0.615 -0.203 0.839
Shinetal., 2006-a Aerobic -0.390 0.412 0.170 -1.197 0418 -0.946 0.344 —
Shinetal., 2006-b Aerobic 0.097 0.414 0.172 -0.715 0.909 0.234 0.815
Trippel etal., 2017 Concurrent -0.037 0.275 0.076 -0.577 0.503 -0.136 0.892
Fixed -0.205 0.065 0.04 -0.332 -0.078 -3.171 0.002 ’
Random -0.211 0.068 0.05 -0.345 -0.077 -3.087 0.002 <o
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours R

Fig. 3. Forest plot of the impacts of exercise interventions on IL-6. Data are standardized mean difference (SMD) and 95% confidence intervals (95% CIs). (Favours A

= exercise and

Favours B = control).
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Model  Study name Subgroup within study Statistics for each study

Std diff  Standard Lower Upper

inmeans  error  Variance limit  limit
Butts etal, 2018  Aerobic -0.371 0.300 0.090 -0.959 0217
Kim et al,, 2008 Aerobic -0.019 0.367 0.134 -0.738 0.700
Linke etal,, 2005  Aerobic 0.018 0.417 0.174 -0.800 0.836
Raccaetal,, 2020-a Aerobic 0.163 0.314 0.098 -0.452 0778
Raccaetal., 2020-b Aerobic 0.104 0.325 0.106 -0.533 0741
Raccaetal,, 2020-c Aerobic 1273 0.422 0.178 0445 2100
Trippel etal., 2017 Concurrent -0.441 0.278 0.077 -0.986 0.105
Fixed -0.001 0.127 0.016 -0.249 0247
Random 0.054 0.193 0.037 -0.324 0431

Std diff in means and 95% CI

ZValue p-Value

-1.236  0.216
-0.052  0.959
0.043  0.966
0520 0.603
0319 0.750
3.014 0.003
-1.584 0.113
-0.009 0.993
0279 0.780
-2.00 -1.00 0.00 1.00 2.00

Favours A Favours B

Fig. 4. Forest plot of the impacts of exercise interventions on IL-1 beta. Data are standardized mean difference (SMD) and 95% confidence intervals (95% CIs).

(Favours A = exercise and Favours B = control).

Table 2. Total sample sizes including 3693 participants (exercise groups
= 2141 and control groups = 1552) were included in our systematic
review and meta-analysis. The sample size, mean age, and BMI for each
original research ranged between 14 and 928 participants [31,32], 48 +
7 and 77.5 + 6.5 yrs [33,28], and between 25 and 33 + 8 kg/m2
[31,17], respectively. A total of 46 included articles, 39 articles were
included both male and female genders, six articles were included only
male gender [34-39], and two articles in terms of gender were unknown
[27,40].

3.3. Study characteristics in exercise and control groups

The study characteristics in exercise and control groups are illus-
trated in Table 3. Types of exercise interventions including concurrent
training [5,10,13-16,27,41,42], resistance training [12,17,27], and
aerobic exercise [10,11,17,25-40,43-60] were studies included. The
intensity ranges for concurrent exercises were performed from 40%
VO2peak plus 40% of (one-repetition maximum) 1RM [10] to 100% of
10RM [16]. The intensity ranges for aerobic exercises were performed
from 40% (VO2peak, HRmax, HRmax reserve) [10,47,59] to 95%
HRmax [52], with the most common exercise intensity 60-75%
VO2peak, HRmax and/or HRmax reserve [10,11,26-29,32,
35,38,43,45,50,59]. The intensity ranges for resistance exercises were
performed from 60% of 1RM [27] to 75% of 1RM [27], with the most
common exercise intensity 60-75% of 1RM. [27].

The duration of exercise training protocols was varied from 3 weeks
[28,43] to 24 months [39], with the most common period of 3 months
(12 weeks) [11,13,25,31-37,40,48,51,53,59,60,61]. The exercise fre-
quency was performed from 2 [17,42,44,46,52,56,60] to 7 [16,31,58]

day/week, with the most common exercise frequency of 3 day/week
[10,11,13-15;25,27,29,30,32,33,36-38,41,43,45,48-51,53,54,57,61] .
The duration per session for concurrent exercises was consisted of
20-30 min [16] to 120 min [13], with the most common session dura-
tion of 60 min [10,15,41]. The session duration per session for resistance
exercises was consisted of 30 min [12] to 60 min [17], with the most
common session duration of 30-60 min [12,17,27]. The duration per
session for aerobic exercises was consisted of 20 min [26,35] to 70 min
[56], with the most common session duration of 30-45 min
[10,11,25,27,29,30-34,36,37,40,43,45,46,48,50,51,55,57,58,59]. The
exercise sessions and participants were supervised in 43 included
studies, unsupervised in two studies [39,59], and unknown in one study
[40].

The control group-related characteristics were considered optimal
medical therapy, usual care or standard therapy,[14,17,26,29-33,39,
41-44,46,50,51,52,54-56,59,61] without exercise interventions,
[5,27,28,34-38,48,49,53,57,58] general home-based health care,[25]
home-based exercise,[40] general activity exercises,[45,47] time-
matched education,[60] age- and gender matched patients,[15]
pamphlet for daily exercising at home,[10] received education and
flexibility and stretching exercises,[11] aerobic plus resistance trainings
similar to exercise group at only 10% of their exercise,[13] functional
electrical stimulation,[12] and sham-inspiratory muscle training at an
initial workload of 10 cmH20.[16].

3.4. Inflammaging markers

In this systematic review and meta-analysis, inflammaging markers
in patients with HF including plasma or serum levels of TNF-a in 24

Model Study name Subgroup within study Statistics for each study
Std diff  Standard Lower Upper
inmeans error Variance limit limit

Balenetal,2008  Aerobic -0.383 0.261 0068 -0.894 0.128

Munk etal., 2011 Aerobic -1.174 0.361 0.130 -1.882 -0.467
Raccaetal, 2020-a Aerobic 0.265 0.311 0.097 -0.345 0875
Raccaetal, 2020-b Aerobic -0.135 0.322 0.104 -0.766 0.497

Raccas et al,, 2020 Aerobic -0.156 0.383 0.147 -0.907 0.59

Fixed -0.290 0.143 0.020 -0.570 -0.011
Random -0.304 0225 0.051 -0.745 0.137

Std diff in means and 95% Cl

ZValue p-Value

1470 0.142 —l—t
3254 0.001
0853  0.394 5
0418 0676 +
0406 0685 _.-_
2036 0042 .
1349 0477 -
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Fig. 5. Forest plot of the impacts of exercise interventions on IL-8. Data are standardized mean difference (SMD) and 95% confidence intervals (95% CIs). (Favours A

= exercise and Favours B = control).
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Model Study name

Subgroup within study

Abolahrari-Shiraziet a., 2018-aConcurrent

Shiraziet al., 2013-b\erobi

Adamopoulos etal., 2014
Ahmad etal., 2014
Aksoy etal., 2015-a
Aksoy etal., 2015-b
Balenetal., 2008
Byrkjeland etal., 2011

de Meirelles etal, 2014
Eleuterietal., 2073
Giallauria et al., 2011
Isaksen et al., 2019

Kim et al., 2008
Kimetal, 2011

Lara Fernandes et al., 2010
Marco etal., 2013

concurrent
Aerobic
Aerobic
Aerobic
Aerobic
Aerobic
Concurrent
Aerobic
Aerobic
Aerobic
Aerobic
Aerobic
Aerobic
Concurrent

Masterson-Creber et al., 2015 Aerobic

Mc Demott et al., 2004
Milani et al., 2004
Myers etal., 201C-a
Myers etal., 201C-b
Parrinelio etal., 2)10
Pierce etal., 2008
Prescott et al., 2009
Pullenetal., 2008
Rankovic' et al., 2009
Redwine et al 2020-a
Redwine et al 2020-b
Shin et al., 2006-a
Shin et al., 2006-b
Tisietal, 1997
Walther et al., 2008
Yehetal, 2011
Fixed
Random

Aerobic
Aerobic
Concurrent
Concurrent
Aerobic
Aerobic
Concurrent
Aerobic
Aerobic
Aerobic
Resistance
Aerobic
Aerobic
Aerobic
Aerobic
Aerobic

Std diff  Standard

in means error

-0.253 0.293
-0.237 0.293
-0.064 0.305
-0.016 0.066
-0.265 0.440
-0.317 0.440
-0.297 0.260
0.075 0.224
-3.815 0613
-0614 0.447
-1.433 0.259
0.071 0.379
-0371 0.369
0.298 0.169
-0.386 0.349
-0.679 0.439
-0.600 0.114
-0.474 0.399
-0.254 0.168
-0.532 0.271
0.062 0.266
-0.752 0.441
-0.120 0.541
-0.356 0.308
-0917 0.483
-0.362 0.283
0.115 0.334
-0.132 0.350
-0.508 0.415
-0.125 0.414
-0.087 0.460
-1.459 0.277
0.025 0.200
-0.235 0.039
-0.379 0.090

Variance

0.086
0.086
0.093
0.004
0.193
0.194
0.067
0.050
0.376
0.200
0.067
0.144
0.136
0.029
0.121
0.192
0.013
0.160
0.028
0.073
0.071
0.195
0.292
0.095
0.233
0.080
0.111
0.122
0.172
0.172
0.211
0.077
0.040
0.002
0.008

Statistics for each study

Lower Upper

limit

-0.828
-0.811
-0.662
-0.145
-1.127
-1.180
-0.806
-0.364
-5.017
-1.490
-1.941
-0.672
-1.094
-0.034
-1.069
-1.538
-0.825
-1.257
-0.583
-1.062
-0.459
-1.617
-1.180
-0.960
-1.863
-0.917
-0.539
-0.818
-1.320
-0.937
-0.988
-2.002
-0.367
-0.312
-0.556

Std diff in means and 95% Cl

limit Z-Value p-Value

0321 -0.865 0.387

0337 -0.809 0.418

0534 -0.209 0834

0.113 -0.242 0.809

0596 -0.603 0546 &

0546 -0.721 0.471 =

0211 -1.146  0.252 ———

0513 0333 0739 e
2614 -6223  0.000 K

0262 -1.373  0.170 3

0926 -5536  0.000 ——t

0814 0.188  0.851 B E—
0353 -1.004 0315 =

0630 1759 0.079 =
0297 -1.108 0268 =

0.181 -1.548 0.122 :

-0.376 -5253  0.000 -

0309 -1.187 0235 =

0075 -1516 0.130 —l—t
-0.002 -1.966 0.049 L e —

0583 0233 0816 D m—
0.113 -1.704  0.088 g

0939 0222 0824 =

0248 -1.155 0248 =

0030 -1.898 0.058 — et

0.192 -1.281 0200 e

0769 0345 0730 L E—
0554 -0.377 0.706 e 3 e—
0305 -1.225 0221 .

0687 -0.301 0763 L} E—
0814 -0.189  0.850
0915 5264 0.000 1—.—-

0417 0.124 0902
0.158 -5.983  0.000 <
-0.202 -4200 0.000 <o
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Fig. 6. Forest plot of the impacts of exercise interventions on hs-CRP. Data are standardized mean difference (SMD) and 95% confidence intervals (95% CIs).

(Favours A = exercise and Favours B = control).

articles,
[5,12,14,15,17,26-28,31,33,35,37,38,40,42-44,46,52,54,59,60,61] IL-
1- beta in 5 articles,[11,28,38,46,61] IL-6 in 23 articles,[5,12,14,15,
17,25,27,28,30,31,33,34,37,39,40,42,44,46,48,51,52,54,56,61] IL-8 in
3 articles,[28,43,54] and hs-CRP in 28 articles[10,13,14,16,
17,29,30-32,34,36,39,41-47,49-51,54-58,60] were measured.

4. Meta-analysis
4.1. TNF-a

According to 30 exercise intervention arms compared to the control

group, exercise intervention did not significantly change for TNF-o
values [SMD —0.061 and 95% CI: —0.310 to 0.187, p = 0.627] (Fig. 2).
There was a significant heterogeneity, thereby I-squared was more than
50% (I-squared = 74.65%, P = 0.001). Analysis of subgroup by age, type
of exercise and mean left ventricular ejection fraction (LVEF) revealed
that there was a significant reduction in TNF-a marker for middle aged
[SMD —0.421 and 95%CI: —0.803 to —0.039, p = 0.031], concurrent
training [SMD —0.288 and 95%CI: —0.555 to —0.022, p = 0.033] and
HFrEF [SMD -0.261and 95%CI: —0.452 to —0.070, p = 0.007]
compared to the control group, whereas aerobic and resistance exercises
did not show significant changes in TNF-a [SMD —0.044 and 95%CIL:-
0.331 to 0.242, p = 0.761] and [SMD 0.455 and 95% CL: —1.443 to
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Fig. 7. Funnel plot for TNF-alpha marker.
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Fig. 8. Funnel plot for IL-6 marker.

2.353, p = 0.637], respectively. Subgroup by exercise intensity showed a
significant reduction in TNF-a marker for high intensity compared to the
control group [SMD —0.243 and 95% CI: —0.413 to —0.072, p = 0.005],
whereas subgroup for low and moderate intensities, duration of follow-
up, BML, HFpEF, and LVEF with unknown status did not show significant
changes (P greater than 0.05).

4.2. IL-6

According to 31 exercise intervention arms compared to the control
group, exercise training intervention significantly reduced IL-6 values
[SMD —0.205 and 95% CI: —0.332 to —0.078, p = 0.002] (Fig. 3). There
was no significant heterogeneity, thereby I-squared was less than 50%
(I-squared = 8.84%, P = 0.326). Analysis of subgroup by age, BMI and
type of exercise revealed that there was a significant reduction in IL-6
marker for middle aged [SMD —0.284 and 95% CI: —0.486 to —0.083,
p = 0.006], overweight status [SMD —0.359 and 95% CI: —0.550 to
—0.167, p = 0.001] and aerobic exercise [SMD —0.258 and 95% CI:
—0.411 to —0.105, p = 0.001] compared to control group, whereas
resistance and concurrent exercise interventions did not show

significant changes for IL-6 [SMD 0.251 and 95% CI: —0.682 to 0.179, p
= 0.253] and [SMD -0.030 95% CI: —0.296 to 0.236, p = 0.826],
respectively. Subgroup by exercise intensity showed a significant
reduction in IL-6 marker for high intensity [SMD —0.185 and 95% CI:
—0.359 to —0.012, p = 0.037] and moderate intensity [SMD —0.210 and
95% CI: —0.405 to —0.015), p = 0.034] compared to the control group.
Subgroup by duration of follow-up showed a significant reduction in IL-
6 marker for short-term duration [SMD —0.301 and 95% CI: —0.469 to
—0.131, p = 0.001] compared to the control group, whereas subgroup
for long-term duration did not show significant changes [SMD —0.084
and 95% CI: —0.276 to 0.109, p = 0.394].

Subgroup by mean LVEF showed a significant reduction in IL-6
marker for heart failure with preserved ejection fraction (HFpEF)
compared to the control group, whereas other mean LVEF subgroups did
not show significant changes [HFmrEF (p = 0.847), HFrEF (p = 0.081),
and unknown (p = 0.058)].

4.3. IL-1-beta

According to seven exercise intervention arms compared to the
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Fig. 10. Funnel plot for IL-8 marker.

control group, exercise intervention did not significantly change IL-1-
beta values [SMD 0.054 and 95% CL: —0.324 to 0.431, p = 0.780]
(Fig. 4). Heterogeneity analysis showed that there was a significant
heterogeneity, thereby I-squared was more than 50% (I-squared =
55.542%, P = 0.036). Subgroup by type of exercise revealed that there
was no significant difference in IL-1-beta for aerobic exercise compared
to the control [SMD 0.113 and 95% CI: —0.165 to 0.392, p = 0.425]. In
addition, subgroup by age, BMI, exercise intensity, duration of follow-up
as well as mean LVEF did not show significant changes (P greater than
0.05).

4.4. IL-8

According to five exercise intervention arms compared to the control
group, aerobic exercise did not significantly change IL-8 values [SMD
—0.304 and 95% CI: —0.745 t0 0.137, p = 0.177] (Fig. 5). Heterogeneity
analysis showed that there was a significant heterogeneity, thereby I-
squared was more than 50% (I-squared = 58.640%, P = 0.046). Sub-
group analysis by age, BMI, type, intensity, duration of exercise and
mean LVEF did not show significant changes for IL-8 (P greater than

0.05).

4.5. hs-CRP

According to 33 exercise intervention arms compared to the control
group, exercise intervention significantly reduced hs-CRP [SMD —0.379
and 95% CI: —0.556 to —0.202, p = 0.001] (Fig. 6). Heterogeneity
analysis showed that there was a significant heterogeneity, thereby I-
squared was more than 50% (I-squared = 73.638%, P = 0.001). Analysis
of subgroup by age, BMI, type of exercise and mean LVEF revealed that
there was a significant reduction in hs-CRP for middle aged [SMD
—0.455 and 95% CI: —0.762 to —0.149, p = 0.004], elderly-age [SMD
—0.342 and 95% CI: —0.576 to —0.108, p = 0.001], overweight [SMD
—0.464 and 95% CI: —0.681 to —0.247, p = 0.001], aerobic exercise
[SMD —0.341 and 95% CI: —0.528 to —0.154, p = 0.001] and concur-
rent training [SMD —0.659 and 95% CI: —1.259 to —0.059, p = 0.031]
compared to the control. Subgroup by exercise intensity showed a sig-
nificant reduction in hs-CRP for both high [SMD —0.460 and 95% CI:
—0.837 to —0.084, p = 0.017] and moderate intensities compared to the
control group [SMD —0.275 and 95% CI: —0.439 to —0.112, p = 0.001].
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Subgroup by duration of follow-up showed a significant reduction in hs-
CRP for three durations of short-term [SMD —0.125 and 95% CI: —0.222
to —0.029, p = 0.011], long-term [SMD —0.535 and 95% CI: —1.068 to
—0.001, p = 0.049] and very long-term [SMD —0.555 and 95% CI:
—1.005 to —0.104, p = 0.016] compared to the control group. Subgroup
by mean LVEF showed a significant reduction in hs-CRP for heart failure
with reduced ejection fraction (HFrEF) [SMD —0.389 and 95% CI:
—0.645 to —0.134, p = 0.003] and heart failure with mildly reduced
ejection fraction (HFmrEF) [SMD —0.450 and 95% CI: —0.896 to
—0.003, p = 0.048] compared to the control group.

4.6. Quality assessment and publication bias

The quality assessment of included studies for Pedro scores ranged
7-15 with maximum 15 scores (high risk of bias = Pedro score of less
than 5; excluded articles) is illustrated in Table 1. The visual interpre-
tation of funnel plot and Egger’s test were used to assess the publication
bias. The visual interpretation of funnel plot showed a symmetric dis-
tribution (i.e., publication bias was not present) for TNF-a (Fig. 7),
which Egger’s test was also carried out to confirm this symmetry at a
non-significance level (p = 0.201). The visual interpretation of funnel
plot showed an asymmetric distribution (i.e., publication bias was pre-
sent) for IL-6 (Fig. 8), which Egger’s test was also carried out to confirm
this asymmetry at a significance level (p = 0.085). The visual interpre-
tation of funnel plot showed an asymmetric distribution (i.e., publica-
tion bias was present) for IL-1-beta (Fig. 9), which Egger’s test was also
carried out to confirm this asymmetry at a significance level (p = 0.058).
The visual interpretation of funnel plot showed symmetry (i.e., publi-
cation bias was not present) for IL-8 (Fig. 10), which Egger’s test was
also carried out to confirm this symmetry at a non-significance level (p
= 0.750). The visual interpretation in the funnel plot of hc-CRP showed
asymmetry, suggesting that there was a significant publication bias for
hs-CRP (Fig. 11). Egger’s test for hs-CRP was carried out to confirm this
asymmetry, which was confirmed to be significant (p = 0.028).

5. Discussion

The effects of aerobic, resistance and concurrent exercises vs. the
control group on inflammaging markers in patients with HF were the
aims of our systematic review and meta-analysis. Our results indicated
that exercises of 3-week to 24-month, exercise frequency of 2-7 day/
week, intensity ranges 60-80% HRmax, and duration per session 30-60
min significantly reduced hs-CRP, IL-6, and TNF-a values in patients
with HF aged 49-77 yrs and overweight status. In other words, our re-
sults showed that middle aged, concurrent training and high intensity
for reducing TNF-a showed small sized effects (d = 0.421, d = 0.288 and
d = 0.243) in patients with HF, respectively. Middle aged, overweight
status, aerobic exercise, moderate intensity and short-term duration
have small sized effects (d = 0.284,d = 0.359, d = 0.258, d = 0.210 and
d = 0.301) for reducing IL-6 values in patients with HF, respectively.
Furthermore, middle aged (d = 0. 455), elderly aged (d = 0. 342),
overweight status (d = 0.464), aerobic training (d = 0.341) moderate
and high exercise intensities (d = 0. 275 and d = 0.460) have small sized
effects and concurrent exercise has a medium (d = 0.659) effect size for
reducing hs-CRP. Both long-term and very long-term durations have
medium (d = 0.535 and d = 0.555) sized effects for reducing hs-CRP in
patients with HF. Therefore, the results of our systematic review and
meta-analysis confirmed that concurrent and aerobic exercises based on
the type, intensity and duration were effective non-pharmacological
interventions to improve inflammaging markers including TNF-a, IL-6
and hs-CRP in patients with HF, whereas resistance training only was
not an effective exercise intervention. However, our results indicated
that exercise interventions were not effective for IL-1-beta and IL-8
markers in overweight or obese patients with HF.

Since cardiomyocytes are an important source of inflammatory
markers in heart damage, an increase in cardiac cytokines can reduce
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cardiac function, especially in patients with HF.[62] The pathophysi-
ology of HF is associated with an increase in pro-inflammatory cyto-
kines, inflammaging and endothelial dysfunction.[62,63] In contrast,
exercise is an effective non-pharmacological prescription that can
reduce the inflammaging process, and is certainly important in terms of
clinical exercise physiology, given that inflammation process plays a
major role in the development of many metabolic disorders.[6] These
findings suggest that cardiomyocytes-related inflammatory cytokines
play important roles in the pathologic and physiologic responses of the
heart, especially clinical HF. It is possible that an optimal reduction in
inflammation process following exercise intervention resulted in the
restore endothelial function, improved neo-angiogenesis, reduced pro-
duction of inflammatory cytokines, reactive oxygen species, peripheral
vascular resistance, and improved cardiac hemodynamic and physio-
logic responses in HF.[8,64] In other words, a decrease in TNF-a, IL-6
and hs-CRP values following exercise has an anti-inflammaging role in
overweight patients with HF, which was observed after aerobic and
concurrent interventions in our meta-analysis.

Our findings were consistent with the results of Pearson et al.[65],
Monteiro-Junior et al.[66], and Hayashino et al.[18] reported that ex-
ercise training decreased TNF-a, CRP and IL-6 values in HF, type 2
diabetes mellitus (T2DM) and older persons. In addition, Alizaei-
Yousefabadi et al.[67] reported that exercise was effective at lowering
CRP and TNF-a values in metabolic syndrome patients. Xing et al.[68]
reported that combined exercise had a significant reduction in CRP, IL-6
and TNF-a values in middle aged and older adults with T2DM compared
to the control. Huang et al.[69] demonstrated that aerobic exercise has a
significant reduction in IL-6 and TNF-a markers in patients with de-
mentia. In contrast, meta-analysis studies reported that there was no
significant effect between groups (HIIT or exercise training vs. control)
in IL-6 and CRP in patients with metabolic disorders,[19] IL-6 and TNF-«
in healthy adults.[70] In addition, a meta-analysis[71] reported that
resistance training was effective in reducing CRP, IL-6 and TNF-a in
elderly adults, which differ with the results of our meta-analysis. In this
regards, the difference in the type of exercise including resistance
training in the Kim & Yeun study[71] and healthy participants in the
Rose et al. study[70], could explain the inconsistencies reasons with the
findings of our meta-analysis.

After cardiac dysfunction, the adaptive immune system-induced in-
flammatory response upregulates cytoprotective responses, and pro-
vides the heart with a short-term adaptation to elevated stress and
physiological inflammation. However, this acute inflammatory response
can become dysregulated inflammatory response and chronic inflam-
mation.[64,72] Chronic inflammation as a main factor of aging process
is associated with aging-related pathologic condition.[73] The aging
process and pro-inflammatory cytokines are associated with serum in-
sulin,[74] BMI, [6,75] waist circumference,[75] overweight and obesity,
[6,74,75] fat-free mass or lean mass[6,76], and visceral fat.[77] The
cellular senescence, genetic susceptibility, microbiota composition
changes, autophagy dysfunction, oxidative stress, and mitochondrial
dysfunction are potential mechanisms of inflammaging process, which
lead to the development of metabolic disorders and HF.[78] It seems
that the effects of pathologic and physiologic conditions on circulating
inflammatory levels and/or inflammaging are contradictory. In other
words, acute exercise results showed that circulating levels of inflam-
matory markers significantly increase immediately after exercise, a
reduction on the following day, and return to baseline values within 72-
hour.[72] However, the physiologic and pathologic mechanisms of
exercise-induced inflammaging responses remain unclear.

The positive physiological adaptations and decreased inflammatory
cytokines were reported by concurrent and resistance exercises in HF.
[12-14] Since the exercise, especially aerobic and concurrent exercises
play important roles in improving myocardial stretch markers, regulated
cardiac function and optimal reduced inflammatory cytokines,[74] it is
possible that exercise interventions can be considered non-
pharmacological interventions in HF, as the results of our meta-
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analysis were confirmed a reduction in inflammaging markers of TNF-a,
IL-6, and hs-CRP in patients with HF. It has been reported that inflam-
matory cytokines are secreted by cardiomyocytes, adipose tissue, lung
epithelial cells, skeletal muscle mass, and obesity. The results of studies
demonstrated that exercise interventions lead to a reduction in adipose
tissue by decreased expression of toll like receptors (TLRs) on macro-
phages and monocytes,[6,79] an increase in blood flow to the respira-
tory and skeletal muscles and improved pulmonary function, maximal
oxygen uptake (VO2max) and muscle mass,[9] improved left ventricular
ejection fraction and mitochondrial function in HF.[4,9] It is possible
that these positive physiological adaptations by aerobic and concurrent
training are associated with a reduction in production of pro-
inflammatory cytokines such as IL-6, TNF-a, and liver-induced CRP in
patients with HF, as demonstrated in our meta-analysis. In addition,
reduced hs-CRP, IL-6, and TNF-a by aerobic and concurrent in-
terventions with moderate and high exercise intensities as well as short,
long and very long-term follow-ups may down-regulate the inflam-
maging process in both cardiomyocytes and fibroblasts in HF.[65,80]
The down-regulation of inflammatory markers of hs-CRP, IL-6, and TNF-
a and inflammaging is evidence of the anti-inflammatory properties of
aerobic and concurrent interventions in patients with HF.[4,6,80] Based
on the exercise protocol, optimal protocol and intensity, frequency and
duration of exercise interventions are related to the release of cardiac
inflammatory markers and/or inflammaging[4,72] although differential
effects of exercise interventions on inflammatory responses as well as
inflammaging process in patients with HF are not fully understood.

5.1. Limitations and strengths

The lack of association between resistance training and IL-1f and IL-
8 markers or concurrent training and IL-8, low number of included
original articles based on subgroup by obesity status and type of exer-
cise, and heterogeneity & publication bias according to the data were
limitations in this meta-analysis. In contrast, strengths of our meta-
analysis are as follow: subgroup meta-analyses of age, BMI, type of ex-
ercise, exercise intensity, follow-up of exercise and mean LVEF in pa-
tients with HF.

6. Conclusions

In conclusion, our meta-analysis confirmed that exercise training,
especially aerobic and concurrent interventions (based on the type, in-
tensity and duration of exercise) in middle aged, elderly aged and
overweight status were effective to reduce (improve) inflammaging
markers of TNF-a, IL-6, and hs-CRP, which these exercise-related anti-
inflammaging responses were observed across ages (middle-aged and
elderly-aged), exercise intensities, duration follow-ups, and mean LVEFs
(HFrEF, HFmrEF and HFpEF) in overweight patients with HF.

Our meta-analysis have significant clinical implications for patients
with HF. The association of specific exercise protocols in patients with
HF appear to modify the inflammaging process through reduced in-
flammatory markers of TNF-a, IL-6, and hs-CRP in the published clinical
studies. Future work should explore how exercise interventions, aging,
and BMI modify inflammaging process and inflammation in humans.
Exercise intervention comes in various forms, therefore knowing the
principle of exercise provides a more optimized exercise prescription for
patients with HF through down-regulation of the inflammaging process
and inflammation. Therefore, exercise prescription has an anti-
inflammaging effect, which these exercise-related anti-inflammaging
properties as clinical benefits in general and exercise-based cardiac
rehabilitation, in a more specific format, improve clinical evolution and
survival in patients with HF of different etiologies.[81].
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