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ARTICLE INFO ABSTRACT

Keywords: Purpose: Physical activity (PA) is important for the prevention and management of cardiovascular (CV) disease
Physical activity (CVD). We aim to investigate the effect of different types of exercise on cardiometabolic risk factors in these
Cholesterol subjects with CV risk factors but no history of CVD is lacking.

gllszgt:essure Methods: PubMed and Scopus databases were searched up to November 2025 for systematic reviews and meta-
Cardiovascular analyses of randomized controlled trials (RCTs). The population studied referred to adults with at least one CV

risk factor.

Results: 16 meta-analysis publications were included. Strong evidence for a benefit was found for i) aerobic
exercise and waist circumference (WC) reduction compared to control group in males and females with meta-
bolic syndrome [Mean Difference (MD) —3.44 (95% CI —4.81, —2.07) cm, ii) Tai Chi and SBP reduction after >6
months [MD —8.80 (95% CI —11.28, —6.32) mmHg], DBP reduction after 3 months [MD —7.58 (95% CI —8.56,
—6.60) mmHg] and after >6 months of Tai Chi training [MD —4.62 (95% CI —6.09, —3.16) mmHg], and total
cholesterol reduction following Tai Chi training in adult males and females with essential hypertension [MD
—8.46 (—11.7, —5.4) mg/dL] compared to control group. HIIT, resistance, Yoga and Qigong training did not
show any convincing evidence for a benefit in cardiometabolic parameters.

Conclusion: The most convincing evidence relates to a benefit from Aerobic or Tai Chi training mainly in SBP and
DBP reduction and secondarily to WC and total cholesterol reduction. The role of HIIT, Resistance, Yoga and
Qigong training in cardiometabolic health is uncertain.

Meta-analysis
Umbrella review

1. Introduction

Atherosclerotic related cardiovascular (CV) disease (ASCVD) is
ranking first across the conditions listed in the global burden of dis-
eases.’ Approximately 17 million deaths occur annually because of
ASCVD.? Major CV risk factors include smoking, obesity, high blood
pressure (BP), dyslipidemia, hyperglycemia, unhealthy diet, inadequate
physical activity (PA) with sedentary lifestyle, and family history of
ASCVD.?? Hypertension seems to be responsible for 9.4 million deaths
especially in low- or middle-income countries, where the number of
undiagnosed, uncontrolled and untreated patients is much higher.” It is
responsible for 45% of deaths from coronary heart disease (CHD) and
51% of deaths from stroke.* Metabolic syndrome (MetS) [a combination
of at least 3 from the following: increased fasting blood glucose, low
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high-density lipoprotein cholesterol (HDL-c), high triglycerides (TG),
high systolic (SBP)/diastolic (DBP) blood pressure and increased waist
circumference (WC)] affects 35% of US adults [including people with
type 2 diabetes (T2D)].°

PA is important for the prevention and management of a variety of
chronic diseases including ASCVD.”° PA is considered beneficial for
obesity, hypertension, CHD, stroke, T2D and helps to maintain a normal
body weight (BW).'%'2 More than 150 min of moderate [40-60% of
maximal oxygen consumption (VO2max)] or 75 min of vigorous
(60-85% VO2max) intensity exercise per week is recommended by the
World Health Organization (WHO), the American College of Sports
Medicine (ACSM) and the European Society of Cardiology (ESC) for
healthy adults.'® Common barriers to PA engagement such as the lack of
time, low motivation and low adherence result in decreased
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achievement rates of these recommendations. '’

PA seems to be a cornerstone for primary CV prevention in the lower
CV risk population and has an important role in combination with
pharmacotherapy in the higher CV risk groups.'® Although there are
several systematic reviews and meta-analyses.'*'® which examine how
PA influences specific CV risk factors, heterogeneity prevails as they
assess mixed populations and diverse outcomes. What is currently
lacking is a comprehensive overview which assesses the overall effect of
different types of PA (aerobic exercise, resistance training, or high-
intensity interval training) on people who already have at least one
cardiometabolic risk factor, such as hypertension, obesity, dyslipidemia,
or insulin resistance. With this umbrella review we aim to investigate the
effect of different types of exercise on cardiometabolic risk factors in
subjects with CV risk factors but no history of established ASCVD.

2. Methods

This umbrella review is registered in Open Science Framework (OSF)
(Registration DOI: https://doi.org/10.17605/0SF.10/D9J8C, October
25, 2023) and follows the Preferred Reporting Items for Overviews of
Reviews (PRIOR) statement (Supplementary Table 3).'° No amend-
ments have been made to the protocol since its publication.

2.1. Literature search and screening

PubMed and Scopus databases have been systematically assessed
until November 2025 for systematic reviews and meta-analyses of ran-
domized controlled trials (RCTs) referring to cardiometabolic risk fac-
tors and types of exercise interventions. Two authors (CC and AB)
independently searched the electronic databases, screening firstly the
titles and abstracts, secondly the full texts and identified the meta-
analyses that met the inclusion criteria (Fig. 1, Supplementary
Table 1). Any discrepancy was resolved by a third author (GM).

2.2. Inclusion/exclusion criteria

Eligible articles were i) meta-analyses of RCTs, ii) written in English,
iii) assessing a specific type of exercise intervention (such as aerobic,
resistance, yoga, etc.), iv) including male or female adults (>18 years
old) with one or more CV risk factors (such as dyslipidemia, obesity,
hypertension, MetS, T2D). Exclusion criteria were i) non-systematic
reviews, systematic reviews without meta-analysis and systematic re-
views with meta-analyses but without the individual study data ii)
publications assessing PA combined with medications, iii) publications

Publications initially identified: Publications excluded:

PubMed: 3000 Duplicate records: 257

Scopus: 1440 Ineligible records by the automated Rayyan-
Al Powered Tool for Systematic Literature

Review: 3969

l Records referring to diet: 177

Full text publications
assessed for eligibility: 37

Publications excluded:

Not referring to a specific type of exercise: 3

Healthy participants or not having at least one
cardiometabolic risk factor: 11

Not including only RCTs: 1
Participants with chronic diseases: 2
Not quantitative meta-analysis: 1

Publications with results that could not be
Publications included: accessed and without any response following
16 email to the corresponding author): 3

Fig. 1. Flowchart of the umbrella review.
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including participants with alcohol abuse, iv) studies including partici-
pants with established ASCVD, v) studies including participants with
any other chronic disease such as liver failure, chronic kidney disease,
human immunodeficiency virus, cancer, or organ transplant.

2.3. Data extraction

We extracted the following information from each publication: i) at
the meta-analysis level, data such as PMID or article number, first au-
thor's name, year of publication, type of PA (e.g. aerobic, resistance,
yoga), population age, other distinctive population characteristics,
outcome (cardiometabolic risk factors), meta-analysis metric [risk ratio
(RR), odds ratio (OR), or hazard ratio (HR) for dichotomous, mean
difference (MD) or standardized mean difference (SMD) for continuous
outcomes], and number of primary studies in the meta-analysis, ii) at the
primary study level, data such as first author's name, year of publication,
association estimate and its measure of variation [such as standard error
(SE), confidence interval (CI), p-value] and study sample size including
control group and intervention group.

2.4. Quality assessment

The Assessment of Multiple Systematic Reviews 2 (AMSTAR 2)
checklist was used to assess methodological quality and assign an overall
rating to the included reviews. The AMSTAR 2 checklist is used as a
practical critical appraisal tool by health professionals to help them
rapidly assess the quality of systematic reviews of RCTs.'”

2.5. Statistical analysis

This study followed an umbrella review methodology to evaluate
associations between PA and cardiometabolic risk factors. For each
meta-analysis included a summary effect estimate and corresponding
95% CI were calculated using an inverse variance weighted random-
effects model, accounting for anticipated clinical and methodological
differences among primary studies. Heterogeneity across studies was
assessed using the 12 statistic, while 95% prediction intervals (PI) were
calculated to estimate the range of effects expected in future studies.
Indication of small-study effects bias was examined using Egger's
regression asymmetry test (significance threshold of 0.10), along with a
comparison between the overall effect size and that of the most precise
individual study. Additionally, an excess significance test was conducted
to determine if the number of observed significant results exceeded what
would be expected based on the statistical power of each study. This test
was not applied if data were missing for more than 20% of the included
studies. Nominally significant associations (P < 0.05) were categorized
into four levels of evidence—strong, highly suggestive, suggestive, and
weak—following criteria adapted from previous literature. Strong evi-
dence required more than 500 cases, a highly significant P value
(51076), low heterogeneity @ < 50%), PI excluding the null, and no
signs of small-study effects or excess significance bias. Highly suggestive
evidence was considered when sample size >500, p < 10~%, largest study
with a statistically significant effect and class I criteria not met. Sug-
gestive evidence included analyses with over 500 cases and a P value
<1073, Associations not meeting these thresholds but still nominally
significant were labeled weak (Supplementary Table 2).'%2° Although
the original standard required at least 1000 cases, this study used a
lower threshold of 500 cases due to the limited number of relevant
studies, with 500- and 1000-case thresholds tested in sensitivity ana-
lyses. Statistical analysis was performed in Stata version 16.

3. Results
3.1. Included studies

A total of 4440 records were identified (Fig. 1). Sixteen meta-
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analyses were included: 5 compared aerobic exercise vs. no exercise or
any other lifestyle interventions,?' %" 2 compared resistance training vs.
no exercise intervention,”®%” 2 compared Qigong vs. no Qigong exercise
or no exercise at all,”° 3 compared Tai Chi vs. no Tai Chi exercise or
lifestyle intervention,'®%® 2 compared Yoga vs. conventional care or no
exercise,”® 1 compared high intensity interval training (HIIT) vs. mod-
erate intensity internal training MIT)?° and 1 compared aerobic,
resistance and combined training vs. no exercise intervention.”

Articles examined 115 associations with 15 different outcomes;
among them the most common were SBP - DBP (13 articles), HDL-C (8
articles) and TG (7 articles). Study characteristics are shown in Table 1.
Results (Table 2, Supplementary Table 4) were categorized based on the
type of exercise (Aerobic Training, Resistance Training, Yoga, Tai Chi
and Qigong Training) and presented according to the strength of the
evidence.

Subgroup analysis was performed in only one meta-analysis referring
to Tai Chi exercise.”® These specific associations are included in our
statistical analysis and are distinguished by two asterisks next to each
one in the result tables.

Five records were rated as “Low”, whereas the remaining 11 as
“Critically Low” by using the AMSTAR-2 tool (Supplementary Table 5).
As a sensitivity analysis we excluded 2 of the criteria in AMSTAR-2 tool,
which were considered of lower priority for the purpose of this review.
Specifically, following the exclusion of question 2 (Did the report of the
review contain an explicit statement that the review methods were established
prior to the conduct of the review and did the report justify any significant
deviations from the protocol?) and question 7 (Did the review authors
provide a list of excluded studies and justify the exclusions?) 2 records were
rated as “High”, 2 as “Moderate”, 9 as “Low”and 3 as “Critically Low”.

3.2. Aerobic training/high intensity interval training (HIIT)

There were 21 associations referring to Aerobic exercise, of which 1
was strong, 3 highly suggestive, 5 suggestive, 11 weak, and 8 not sig-
nificant. In total, 1 association referring to WC compared to control
group in males and females with METs but no T2D [MD: —3.44 (95% CI
—4.81, —2.07) cm, 12 studies, I 0%] was claimed to be strong. Three
associations referring to SBP [MD: —4.75 (95% CI —6.53, —2.97) mmHg,
31 studies, 1% 61%], DBP [MD: —3.17 (95% CI —4.42, —1.91) mmHg, 31
studies, 1% 57%] showed difference from baseline between the inter-
vention and control group in East Asian males & females with dyslipi-
demia, T2D, hypertension, obesity or METs, and WC [MD: —2.12 (95%
CI —2.81, —1.44) cm, 2 studies, 1% 1%) compared to control group in
overweight adult males & females were claimed as highly suggestive.
Five associations referring to reduction in SBP during daytime [MD:
—3.17 (95% CI —5.03, —1.32) mmHg, 17 studies, % 52%] and DBP
during daytime [MD: —2,7 (95% CI —3.89, —1.51) mmHg, 17 studies, %
34] in mixed population of adult males and females with normo/pre/
hyper-tension [MD: —2.70 (95% CI —3.89, —1.51) mmHg, 17 studies,
12: 34%], triglyceride reduction compared to baseline in East Asians
males & females with dyslipidemia, T2D, hypertension, obesity or METs
[MD: —13.72 (95% CI —20.02, —7.42) mg/dL, 26 studies, I% 0%],
HbA1lc reduction [MD: —0.51 (—0.73, —0.28) %, 16 studies, I%: 54%]
and CRP reduction [MD: —0.09 (—0.14, —0.04) mg/dL, 17 studies, 2
98%] compared to control group in adult males and females with T2D
were claimed as suggestive.

The 2 associations referring to HIIT were claimed as not significant.

3.3. Resistance training
There were 12 associations referring to Resistance Training, of which

none was claimed strong, highly suggestive or suggestive, 4 were
claimed weak and 8 not significant.
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3.4. Tai Chi

There were 49 associations referring to Tai Chi, of which 4 were
claimed strong, 2 highly suggestive, none as suggestive, 22 weak and 25
not significant. In total, 4 associations referring to reductions in DBP
following 3 months of Tai Chi intervention [MD: —7.58 (95% CI —8.56,
—6.60) mmHg, 6 studies, 1% 0%)] and >6 months [MD: —4.62 (95% CI
—6.09, —3.16) mmHg, 6 studies, 1% 0%], SBP following >6 months of
Tai Chi intervention [MD: —8.80 (95% CI —11.28, —6.32) mmHg, 6
studies, I%: 36%] and total cholesterol following Tai Chi intervention in
adult males and females with essential hypertension compared to con-
trol group [MD: —8.46 (—11.7, —5.4) mg/dL, 5 studies, 1% 50%) were
claimed as strong, whereas 1 association referring to SBP reduction
following 3 months of Tai Chi intervention [MD: —15.39 (95% CI
—19.76, —11.01) mmHg, 6 studies, 1% 93%] in adult males and females
with essential hypertension and 1 association referring to HbAlc
reduction following Tai Chi intervention in adult males and females with
type 2 diabetes mellitus compared to control group [SMD: —0.73 (95%
CI —0.98, —0.49), 10 studies, I%: 70%] was claimed as highly suggestive.

3.5. Qigong training

There were 6 associations referring to Qigong Training, of which
none was claimed strong, highly suggestive or suggestive, 1 was claimed
weak and 5 not significant.

3.6. Yoga

There were 25 associations referring to Yoga, of which none was
claimed strong, highly suggestive or suggestive, 9 were claimed weak
and 16 not significant.

4. Discussion

We found that Aerobic or Tai Chi training may exert certain ad-
vantages in metabolic parameters with the most convincing evidence
related to a benefit from SBP and DBP reduction and secondarily on
cholesterol levels, WC and HbA1c in individuals with at least one CV risk
factor.

Aerobic exercise is defined by the ACSM as a PA which can be
maintained continuously in a rhythmic way and where large muscle
groups are activated using energy extracted by aerobic metabolism.
Cycling, dancing, hiking, jogging/long distance running, swimming and
walking typically (but not exclusively) use aerobic metabolism.*? HIIT
was first applied to cardiac rehabilitation patients in 1972 and involves
recovery period of light exercise among short periods of high intensity
exercise.”'” Yoga is a combination of training, controlled breathing and
relaxation. It is often combined with specific diet and lifestyle.” Tai Chi,
originally born in China, is a mind and body exercise combining dance-
like movements with musculoskeletal, breathing and meditation
training. It adopts the ancient Chinese philosophy of wellness and works
on a holistic level to improve physical flexibility and whole-body coor-
dination.>'®3! Qigong, also coming from China, resembles Tai Chi's
principles with the difference that Qigong has a more simplistic and
repetitive choreographed movement.>! Resistance training involves
concentric, isometric, and eccentric muscle contractions providing
higher resistive forces or loads of a lengthening muscle-tendon unit,
thus increasing the range of motion. It can be based on aerobic, but most
times uses a combination of aerobic and anaerobic metabolism.>” Cur-
rent ESC/ACC/AHA/WHO guidelines recommend 150-300 min/week
of moderate-intensity aerobic activity divided in 23 days/week with <2
consecutive days without exercise, or vigorous training >75-150 min/
week. In addition, they recommend resistance training 2-3 times/week,
breaking up the extended amounts of time (>30 min) spent sitting,
whereas for older adults flexibility - balance training is recommended
for 2-3 times/week. Sedentary time should be reduced across all age



Table 1
Characteristics of included meta-analyses.
Author, year  Country/region Number Intervention Comparison Frequency Duration Intervention Intensity Variables Population Total Age Quality
of (times per (minutes duration/ examined sample/ (years) Assessment
included week) per time) intervention (male/ by modified
studies follow-up female) AMSTAR 2
(excluding Q2
& Q7)
Sun et al. NR 14 Tai Chi Conventional 2-7 30-80 15 weeks/NR NR FBG, Male & female 1311 46-65 High
(2025)*¢ treatments (e.g., HbAlc, TC,  adults with T2DM (mean)
pharmacotherapy, TG, HDL-c,
basic health LDL-c, SBP,
education) or DBP, CRP
alternative physical
exercises
Papagianni Saudi Arabia, 26 Aerobic No exercise 3-5 30-90 12 weeks/54 Moderate to CRP, FBG, Adult Males & 1239/ 20-66 Critically Low
et al. Italy, Spain, Training weeks High HbAlc, Females with T2D NR (mean)
(2023)** France, Korea, BW, BMI,
Iran, USA, Fat Mass,
Brazil, Greece, W/H
UK, China,
Pakistan,
Germany
Tao & Li China, Thailand 7 Qigong No gigong or no 4-7 30-60 12 weeks/24 NR FBG, SBP, Adult males & 486/NR 42-70 Low
(2023)° exercise at all weeks DBP, WC, females with METs (mean)
BMI
Luxuan et al. NR 7 Tai Chi No intervention or 3-5 45-60 NR NR SBP, DBP, Adult males & 693/NR 41-68 Low
(2022)* conventional care or TC, HDL-c, females (mean)
walking LDL-c, TG hypertensive
Liang et al. China 15 Tai Chi No Tai Chi 1-8 30-120 NR NR FPG, SBP, Adult males & 1543 38-70 High
(2020)'¢ DBP, TC, females with 827/ (mean)
HDL-c, essential 716)
LDL-c, TG hypertension
Zou et al. China 9 Qigong Exercise or no 3-7 30-60 8 weeks/48 NR SBP, DBP, Adult males & 628/NR 35-75 Low
(2019)° exercise weeks TC, HDL-c, females with at least (range),
LDL-c, TG one CV risk factor 53-62
(mean)
Igarashi Japan, Korea, 25 Aerobic No exercise, no other 3-5 15-60 4 weeks/24 Moderate TC, HDL-c, East Asians males & 994 54+7 Critically Low
et al. China, Taiwan Training intervention weeks LDL-c, TG females with (280/ (mean)
(2019)*! dyslipidemia, T2D, 714)
hypertension,
obesity or METs
Igarashi Japan, South 26 Aerobic No exercise, no other 2-6 30-60 10 weeks-48 Light SBP, DBP Adult males & 943 41-79 Low
et al. Korea, China, Training intervention weeks females East Asian (368/ (range),
(2018)* Taiwan with dyslipidemia, 575) 60
T2D, hypertension, (mean)
obesity, METs but
no CVD
Costa et al. NR 9 HIIT MIIT 34 15-40 4 weeks/16 High (vs. SBP, DBP Adult males & 245 36-72 Moderate
(2018)*° weeks moderate) females with pre- or  (159/ (mean)
established 86)
hypertension
Wewege NR 11 Aerobic, No exercise 3-5 20-60 Aerobic, 12 Aerobic, FPG, HDL- Adult males & 588/NR 38-60 Moderate
et al. Resistance, weeks/52 Moderate ¢, TG, SBP, females with METs (range),
(2018)° Combined weeks Resistance, DBP, WC but no T2D 51
Training Resistance, 8 Vigorous (mean)

(continued on next page)
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Table 1 (continued)

Author, year  Country/region Number Intervention Comparison Frequency Duration Intervention Intensity Variables Population Total Age Quality
of (times per (minutes duration/ examined sample/ (years) Assessment
included week) per time) intervention (male/ by modified
studies follow-up female) AMSTAR 2
(excluding Q2
& Q7)
weeks/33
weeks
Sousa et al. NR 5 Resistance No exercise 3 NR 8-16 weeks NR SBP, DBP Adult males and 229/NR 18-67,5 Critically Low
(2017)* Training females pre- or (mean)
hypertensive
Cramer et al. India, South 12 Yoga Usual care 1-14 times 60-90 NR NR FPG, SBP, Adult males & 794/NR 48-62 Low
(2016)” Korea, China, DBP, TG, females with METs (mean)
USA HDL-c, WC
Lemes et al. NR 7 Resistance No exercise 3 45-150 12 weeks-9 Vigorous SBP, DBP, Adult males & 519 43-67 Low
(2016)*° Training months WC, FPG, females with METs (341/ (mean)
HDL-c, TG 178)
Chu et al. NR 32 Yoga Exercise or no 1-7 times 15-90 NR NR SBP, DBP, Adult males & 2768/ 50 Low
(2016)° exercise HDL-c, females with at least ~ NR (mean)
LDL-c, BW, one cardiometabolic
BMI, HR risk factor
Cornelissen USA, Belgium, 15 Aerobic No exercise 3 30-60 6 weeks-52 Moderate SBP, DBP Adult males & 718/NR 22-69 Low
et al. Netherlands, Endurance weeks females with (mean)
(2013)* Australia, UK, Training optimal BP,
Japan, prehypertension or
Germany, Brazil hypertension and no
other concomitant
disease
Thorogood USA, Norway, 6 Aerobic No exercise NR 40-60 NR Moderate BP, BW, Adult males & 1048 19-67 Low
et al. Japan, Brazil, Isolated WC females overweight (759/ (range)
(2011)* Sweden, Israel, Training 299)

Netherlands

BMI: Body Mass Index, BP: Blood Pressure, BW: Body Weight, CVD: Cardiovascular Disease, CRP: C-reactive protein, DBP: Diastolic Blood Pressure, FPG: Fasting Plasma Glucose, HbA1c: glycated hemoglobin, HDL-c: High
Density Lipoprotein Cholesterol, HIIT: High-intensity interval training, HR: Heart Rate, LDL-c: Low Density Lipoprotein Cholesterol, METs: Metabolic Syndrome, MIIT: Moderate-intensity interval training, NR: not
reported, SBP: Systolic Blood Pressure, TC: Total Cholesterol, TG: Triglycerides, T2D: Type 2 Diabetes, UK: United Kingdom, USA: United States of America, WC: Waist Circumference, W/H: Waist-Hip Ratio.
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Table 2

Results for strong and highly suggestive evidence according to exercise type.

Author, Intervention Comparison Population Outcome Unit of Number Sample Meta- Random  P-value of Prediction Largest Excess P-value for ? Egger's Grade 500
year measurement of size analysis  effect random intervals study significance  excess test
studies metric effects effect bias significance
bias
Liang et al. Tai Chi No Tai Chi Adult males & DBP (3 mmHg 6 620 MD —7.58 3.61E-52 —8.96, —6.40 6/6.00 1 0 0.505  Strong
2020'¢ females with months) (—8.56, —6.20 (—8.32,
essential —6.60) —4.48)
hypertension
Liang et al. Tai Chi No Tai Chi Adult males & SBP (>6 mmHg 6 729 MD —8.80 5.76E-10 —14.94, —10.86 3/5.99 NP 36 0.259  Strong
2020"% females with months) (~11.28, —2.66 (~13.93,
essential —6.32) -7.79)
hypertension
Liang et al. Tai Chi No Tai Chi Adult males & DBP (>6 mmHg 6 729 MD —4.62 3.55E-12 —6.70, —7.06 3/5.98 NP 0 0.997  Strong
2020 females with months) (—6.09, —2.55 (-10.03,
essential —3.16) —4.09)
hypertension
Liang et al. Tai Chi No Tai Chi Adult males & TC mg/dL 5 846 MD —8.46 1.60E-07 -1.01, —0.68 4/5.00 NP 50 0.218 Strong
2020"¢ females with (-11.7, 0.06 (-0.91,
essential —5.4) —0.45)
hypertension
Wewege Aerobic No exercise Adult males & wC Cm 12 504 MD —3.44 8.83E-07 —4.99, -3.10 3/7.15 NP 0 0.548  Strong
et al. Exercise females with METs (—4.81, —1.88 (—5.82,
2018° but no T2D -2.07) —0.38)
Sun et al. Tai Chi Conventional Male & female HbAlc - 10 942 SMD -0.73 3,1IE-09 —-1.43, —0.47 7/7.71 NP 70 0.084  Highly
2025%¢ treatments (e.g.  adults with T2D (—0.98, —0.04 (—0.59, Suggestive
basic health —0.49) —0.35)
education) or
alternative
physical exercises
Liang et al. Tai Chi No Tai Chi Adult males & SBP (3 mmHg 3 194 MD —15.39 5.42E-12 -31.12, —8.87 6/6.00 1 93 0.439 Highly
2020 females with months) (-19.76, 0.35 (-10.87, suggestive
essential —11.01) —6.87)
hypertension
Igarashi Aerobic No exercise, no Adult males & SBP mmHg 31 1994 MD —4.75 1.71E-07 -12.01, —5.30 NA NA 61 0.903  Highly
et al. Exercise other females East Asian (—6.53, 2.52 (=7.10, suggestive
2018%*° intervention (diet with dyslipidemia, —~2.97) —3.50)
or lifestyle T2D,
change) hypertension,
obesity, METs but
no CVD
Igarashi Aerobic No exercise, no Adult males & DBP mmHg 31 1994 MD -3.17 7.89E-07 —8.21, —3.80 NA NA 57 0.709  Highly
et al. Exercise other females East Asian (—4.42, 1.88 (—5.60, suggestive
2018%* intervention (diet with dyslipidemia, -1.91) —2.00)
or lifestyle T2D,
change) hypertension,
obesity, METs but
no CVD
Thorogood Aerobic No exercise Adult males & WC (6 cm 2 717 MD -2.12 1.19E-09 NA -1.80 NA NA 1 NA Highly
et al. Exercise females months) (—2.81, (—1.89, suggestive
2011% overweight —1.44) -1.71)

DBP: Diastolic Blood Pressure, MD: Mean Difference, NA: Not Applicable, NP: Number of Positive Studies, SBP: Systolic Blood Pressure, T2D: Type 2 Diabetes, TC: Total Cholesterol, WC: Waist Circumstance, WMD:
Weighted Mean Difference.

? Difference from baseline between the intervention and control group.
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groups,”® ¢ because not only limited PA but also sedentary behavior is
associated with increased CV risk in healthy adults.'®

So far, the evidence for any benefit driven from PA on the CV risk
factors is focused particularly on lipids, blood pressure and HbAlc
reduction. We found strong evidence for adults undergoing Tai Chi ex-
ercise for total cholesterol reduction compared to control group by 8
mg/dL. In contrast, none of the aerobic, HIIT, resistance, Yoga and
Qigong training showed convincing (strong or highly suggestive) evi-
dence for a benefit in lipid profile. Our findings differentiate from the
latest scientific statement of AHA/ACC which reports a decrease of LDL-
C by an average of 3-4 mg/dL following aerobic and 6 mg/dL following
resistance PA, an increase in HDL-C by an average of 1-2 mg/dL
following aerobic PA, and a decrease in triglycerides by an average of
4-12 mg/dL following aerobic and by 8 mg/dL following resistance PA
in low/moderate risk individuals with elevated blood pressure and
cholesterol.'® These recommendations were based on a single meta-
analysis assessing RCTs before 2005 for aerobic and before 2008 for
resistance training in apparently healthy subjects (although this is not
clearly stated in the reports).”’41

We found highly suggestive evidence for SBP reductions from aero-
bic exercise by approximately 5 mmHg and DBP by 3 mmHg from
baseline. The same pattern was evident for Tai Chi exercise, where the
magnitude of the effect was even greater (SBP: —9 mmHg, DBP: —5
mmHg compared to control group). In contrast, none of the HIIT,
resistance training, Yoga and Qigong showed convincing evidence for a
benefit in BP reduction. Significant reductions in SBP and DBP are re-
ported in the latest network meta-analysis following isometric exercise
training (—8.2/—4.0 mmHg), combined training (—6.0/—2.5 mmHg),
dynamic resistance training (—4.6/—3.0 mmHg), aerobic exercise
training (—4.5/—2.5 mmHg), and HIIT (—4.1/—2.5 mmHg).** An um-
brella review showed consistent evidence for a benefit following iso-
metric resistance training on SBP and DBP levels for normotensive as
well as for hypertensive individuals.”> In another umbrella review
strong evidence is reported for an inverse dose-response relationship
between PA and incident hypertension among adults with normal BP
levels, and BP reduction among those with prehypertension or hyper-
tension. The magnitude of BP reduction varied by resting BP, with
greater benefits among those with prehypertension compared to normal
BP levels.* The latest scientific statement of AHA/ACC reports a
decrease of SBP and DBP following aerobic, resistance or combined PA
by an average of 3 mmHg,'® whereas the ESC scientific statement reports
larger BP reductions in subjects with hypertension (SBP —7.6/DBP —4.7
mmHg) compared to high-normal BP (—1.9/—1.7 mmHg), or normal BP
(—2.4/—2.6 mmHg) following aerobic PA. Additionally, the mean BP-
lowering effect of resistance PA was —10.0/—5.8 mmHg (indepen-
dently of the initial BP), which derives from a reduction of —4.3/-5.0
mmHg for subjects with hypertension, and from a reduction of —6.6/
—3.0 mmHg for individuals with normal BP." In a recent umbrella re-
view SBP significantly reduced by —0.71 mmHg and DBP by —0.62
mmHg. *° The benefits from aerobic, resistance and combined training in
BP are partly attributed to an improvement in endothelium-dependent
vasodilation, although exercise recommendations and prescriptions
should be tailored based on the setting of the individuals, with variations
depending on primary vs. secondary ASCVD prevention, or the existence
of T2D."

We found highly suggestive evidence for an improvement in glyce-
mic control in terms ofHbAlc reduction following Tai Chi exercise.
Furthermore, we found a decrease in WC compared to control group
(which is usually associated with glycemic status) following aerobic
exercise. Previous reports are in accordance to our findings, but the
benefit in HbA1lc reduction in T2D individuals was mainly attributed to
aerobic exercise (—0.73%), resistance training (—0.57%), and their
combination (—0.51%).*® In the HART-D study, HbAlc was reduced by
—0.34% following a combination of resistance plus aerobic training.*®
Yoga is equally reported to decrease HbAlc (—0.47% to —0.81%) and
fasting blood glucose (—24 mg/dL) in T2D individuals.*>*” For Tai Chi
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the reports are sparse, whereas Qigong showed no benefit.**>°

Individuals with at least one CV risk factor represent the population
group which is more commonly advised by their physicians to adopt
regular PA in order to eliminate these harmful CV factors. Our results
showed that aerobic and Tai Chi training have a clinically meaningful
benefit in SBP/DBP and total cholesterol levels, as well as WC. A
reduction of 10 mg/dL in cholesterol levels is translated to 6% reduction
in major adverse cardiovascular events, whereas a reduction in SBP/DBP
by 10/5 mmHg, respectively, decrease by 25% the risk of major adverse
cardiovascular events in primary prevention subjects.”> It should be
emphasized that our results, including those that are in accordance with
previous publications and guidelines such as the reduction in SBP/DBP,
total cholesterol levels and WC, or differentiate from them such as the
lack of benefit on the rest of the lipid profile parameters derive from low
or even critically low quality reports.

To our knowledge, this is the first time that an umbrella review
comprehensively addresses the effect of various types of PA on the
common cardiometabolic risk factors in adults with at least one CV risk
factor but not established ASCVD. Previous umbrella reviews include
SRMAs of various designs and not limited to RCTs. Moreover, they
addressed selected PA types,2 heterogeneous populations (healthy, or
with specific CV risk factors, or established ASCVD), or assessed other
outcomes indirectly related to ASCVD (such as flow mediated
dilation).***>* The limitations of our study are the small number of
meta-analyses' publications, the overlap of primary studies in some
meta-analyses, as well as the low AMSTAR 2 quality assessment of the
included SRMAs.

5. Conclusion

Different types of exercise may exert certain advantages in metabolic
parameters in individuals with at least one CV risk factor. The most
convincing evidence relates to a benefit in SBP and DBP reduction by
Aerobic or Tai Chi training. Unfortunately, these findings derive from
critically low or low quality of evidence. The role of HIIT, Resistance,
Yoga and Qigong training in cardiometabolic health is uncertain.
Further high-quality studies assessing how different types of exercise
affect cardiometabolic risk factors on adults with cardiometabolic risk
are eagerly needed.
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