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Effect of resistance circuit training
on comprehensive health indicators
in older adults: a systematic review
and meta-analysis

Chenxi Hu'?, Yunpeng Xia?, Dongye Zeng?, MingyiYe? & Tao Mei?**

The aging process leads to the degeneration of body structure and function. The objective of this
study is to conduct a systematic review and meta-analysis of the effects of resistance circuit training
(RCT) on comprehensive health indicators of older adults. PubMed, Embase, and Web of Science

were searched until August 2023. Primary outcomes were body composition, muscle strength,
cardiorespiratory endurance, blood pressure, and functional autonomy. Muscle function and exercise
intensity subgroups were analyzed. RCT reduces body fat (MD =-5.39 kg, 95% Cl - 10.48 to - 0.29),
BMI (MD=-1.22, 95% Cl-2.17 to - 0.26), and body weight (MD =-1.28 kg, 95% Cl-1.78 to - 0.78),

and increases lean body mass (MD =1.42 kg, 95% Cl 0.83-2.01) in older adults. It improves upper

limb strength (SMD =2.09, 95% Cl 1.7-2.48), lower limb strength (SMD =2.03, 95% Cl 1.56-2.51),
cardiorespiratory endurance (MD =94 m, 95% Cl 25.69-162.67), and functional autonomy (MD =-1.35,
95% Cl-1.73 to - 0.96). High-intensity RCT benefits BMI and body weight, while low-intensity exercise
reduces blood pressure. RCT improves muscle function in push, pull, hip, and knee movements

in older adults. RCT improves body composition, muscle strength, cardiorespiratory endurance,

blood pressure, and functional autonomy in older adults. High-intensity training is superior for body
composition, while moderate to low intensity training is more effective for lowering blood pressure.

Keywords Resistance circuit training, Older adults, Body composition, Blood pressure, Functional
autonomy, Cardiorespiratory endurance

Aging is an irreversible process characterized by the gradual deterioration of the body’s functions and struc-
tures over time'. This results in the degeneration of the structure and function of the physiological systems of
the human body, including reduced muscle strength, decreased flexibility, and a decline in maximum oxygen
uptake. All of these factors can impact the quality of life and the functionality of older individuals*->. Moreover,
older adults in the early stages of age-related functional decline are particularly vulnerable to health risks®. One
critical aspect of the health and functional capacity of older individuals involves changes in body weight and
body composition during the aging process”®. Typically, muscle mass decreases, and fat mass increases”!. The
reduction in muscle strength can result in sarcopenia, which raises the risk of falls and mortality'-°.

The World Health Organization (WHO) and the American College of Sports Medicine (ACSM) recommend
that older adults engage in at least 150 min of moderate-intensity aerobic exercise per week or 75 min of vigorous-
intensity exercise’. Currently, one of the most common training methods for older adults is circuit training'*-"7.
This form of resistance circuit training efficiently targets both cardiorespiratory endurance and strength systems.
Most importantly, RCT is a safe exercise method for older adults with high adherence’®.

Randomized controlled trials have demonstrated that RCT can effectively improve various aspects of health,
such as cardiorespiratory fitness, physical function, and body composition, in older adults'®*-?2. High-intensity
resistance circuit training, in particular, has been shown to increase muscle strength, muscle mass, and bone
mineral density in older adults?>**. Moreover, RCT has been associated with a reduction in risk factors related
to cardiovascular diseases in older individuals, such as lowering systolic and diastolic blood pressure?®?>. A
meta-analysis focused on RCT’s effects on muscle strength in older adults has indicated a more pronounced
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improvement in lower limb strength compared to upper limb strength. Furthermore, RCT has been shown to
improve body composition and walking endurance in middle-aged and older women'®*.However, previous
studies and meta-analyses have included both healthy and diseased populations, and have failed to differenti-
ate between randomized controlled trials (RCTs) and single-arm studies. They have overlooked the effects of
resistance circuit training (RCT) on blood pressure, cardiorespiratory fitness, and functional autonomy in older
adults. To address this gap, our research presents the first systematic review and comprehensive meta-analysis
to examine the impact of RCT on comprehensive health indicators in older adults, including muscle strength,
cardiorespiratory endurance, functional autonomy, blood pressure, and body composition. Additionally, we
assess the impacts of different intensities of resistance circuit training on key health indicators in the elderly.

Methods
This meta-analysis adhered to PRISMA 2020 guidelines. To ensure transparency and rigor, this study has been
registered in the PROSPERO database under the identifier CRD42023445449.

Search strategy

To conduct a thorough examination of the comprehensive effects of circuit-based training on health indicators
in older adults, a systematic search of studies was performed, from the inception of databases to August 10, 2023,
among PubMed, Web of Science, and Embase. The search strategy involved the utilization of specific MESH terms
and keywords, including “Circuit-Based,” “Exercise,” and “elderly people,” these terms were combined with the
Boolean search terms “OR” and “AND” (refer to Supplementary Material Al. for the detailed search strategy).
Two reviewers independently assessed the titles and abstracts. In cases of disagreement, a third reviewer made
the final judgment for study selection.

Inclusion and exclusion procedures
The PICOS principle was applied as inclusion criteria to select relevant studies:

Participants: The study included healthy and older adults.

Intervention: The mode of intervention in the study had to be resistance circuit training.

Control Group: The control group’s intervention was no exercise.

Outcome Measures: The study considered outcome measures related to various health indicators in older
adults.

Study Design: Only randomized controlled trials or controlled trials were included.

The following exclusion criteria were applied:

Participants: Studies involving animal models and populations with disease were excluded.

Publication Type: Abstracts, reviews, and conference articles were excluded.

Language: Studies published in languages other than English were excluded.

Data Completeness: Studies with incomplete reports of data were excluded.

Intervention: Studies involving the use of medications or supplements as part of the intervention were
excluded.

Data extraction

Two reviewers independently assessed titles, abstracts, and full texts of citations and extracted relevant data.
Discrepancies were resolved through discussion, with a third reviewer assisting in reaching a consensus. Web-
PlotDigitizer was used to extract data from graphs, and authors were contacted for additional information if
necessary. Extracted data included subject demographics, intervention details, exercise duration, and outcome
measures. Data were presented as mean + SD. In accordance with the ACSM position statement on physical activ-
ity and training intensity (Norton et al., 2010), eligible studies were classfied according to the research situation:
40% < maximal heart rate (HRmax) < 55%, 8 < Rating of Perceived Exertion (RPE) < 10, or 30% < 1RM < 50% were
determined as light-intensity; 55% < HRmax < 70%, 11 <RPE <13, or 50% < 1RM < 70% were considered to be of
moderate-intensity; 70% < HRmax < 90%, 14 < RPE< 16, or >70% 1RM were determined as high intensity?”. This
classification system aids in assessing and comparing intensity levels of resistance circuit training interventions
and understanding their impact on health outcomes in older adults. Note that specific criteria may vary among
studies, but this information aligns with ACSM guidelines.

Quality assessment and certainty of evidence

Two investigators independently assessed the quality and risk of bias for each study using the risk of bias 2.0
(ROB2) tool. R software was utilized to visualize the risk of bias. In cases of disagreement between the two
researchers, a third researcher was consulted.

The certainty of evidence was evaluated following the GRADE guidelines®®. Evidence was downgraded if there
were serious risks of bias, imprecision, inconsistency, indirectness, or publication bias. Outcome included body
composition, upper limb muscle strength, lower limb muscle strength, cardiorespiratory endurance, functional
autonomy, systolic blood pressure, and diastolic blood pressure. Each outcome was assigned one of four levels
of evidence quality: high, moderate, low, or very low. Detailed evaluation results can be found in Supplementary
Material A2.

Statistical analysis
The raw data were entered into R (version 4.2.1) using the meta package for meta-analysis. Mean differences
(MD) and 95% confidence intervals (CI) were calculated for outcomes measured on the same scale, while
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standardized mean differences (SMD) and 95% CIs were used for outcomes measured on different scales. Effect
sizes were categorized as small (below 0.2), moderate (0.2-0.8), or large (exceeding 0.8) based on the Cochrane
Handbook?. Heterogeneity was assessed using the I? test and Cochrane’s Q test, with I? values indicating the
degree of heterogeneity. Random-effects models were used for I* > 50%, and fixed-effects models for I* < 50%%.
Subgroup analyses explored heterogeneity and clinical significance, focusing on different resistance circuit train-
ing (RCT) intensities’ effects on body composition, blood pressure, and muscle functions. Forest plots visual-
ized effect sizes and 95% CIs. The significance level was set at P<0.05. Muscle strength subgroup analysis was
conducted based on four categories: upper limb push, upper limb pull, lower limb hip dominant movement, and
lower limb knee dominant movement®!.

Result

Study selection and characteristics

A total of 1201 articles were initially identified through the search process. After removing 169 duplicate articles,
areview of 1032 abstracts and titles was conducted, resulting in the exclusion of 968 articles. Ultimately, 15 arti-
cles met the inclusion criteria for this systematic review, and a meta-analysis was performed using the outcome
measures from these articles (Fig. 1).

Fifteen studies were included, involving a total of 576 participants aged 60 to 75 years. Each study consisted
of a RCT group and a blank control group. The intervention period ranged from 8 to 56 weeks, with training ses-
sions occurring 1 to 3 times per week and each session lasting between 30 and 60 min. According to the intensity
classification of ACSM, the RCT interventions in the included studies comprised high intensity (n=10), moderate
to low intensity (n=4), and progression from low to high intensity (n=1). Additionally, the included studies
reported outcomes related to body composition (n=8), muscle strength (n=5), cardiorespiratory endurance
(n=2), blood pressure (n=6), and functional autonomy (n=3) (Table 1).

Risk of bias of included studies

Ten of the 15 studies included had some concerns, three were High risk, Two were Low risk, and the major bias
was in the areas of Randomization process and Deviations from intended interventions. It is low risk in the
Measurement of the outcome and Selection of the reported field. Detailed risk of bias assessment results are
provided in Supplementary Material A3.

M)
c Records identified through
-% database (n =1201)
o _ Exculded based on title or abstract (n=967)
= Pubmed=104 The main reasons were:
5 Web of science=987 ® Ineligible participants
z Embase=110 ®  Absence intervention or comparator
mbase= —>| e Ineligible outcomes
®  [neligible study design
l ®  Studies in animal model
P
Records after duplicates
removed
(n=1032)
Full-text articles excluded (n = 52):
® Ineligible outcome (n = 14)
A4 ® |Ineligible study design (n = 5)
Full-text articles assessed for ° Non Engl|§h Stut.:lle? (n =18)
> eligiblity ®  Study subjects didn't match
£ (n=65) o (n=15)
(=
(]
g
o
(77}
Studies included in qualitative Additional records indentified
synthesis < through other sources
(n=13) (n=2)
—
\4
e
s Studies included in qualitative
S synthesis
S (n=15)
=

Figure 1. PRISMA flowchart of study selection.
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Summary of Intervention
Duration (weeks/sessions | Details (exercises/sets/
Study Group (n) Age Intensity (% RM or Other) | per week/time) repetitions) Outcomes
BW, BMI, LM, GDLAM,
RCT-M (9) 69+3.2 60-80% 1RM 12/3/- 6/-/8-12 Upper limb push, Knee
function, Hip function
Marcos-Pardo et al. 2019 RCT-F (15) 12/3/- 6/-/8-12
CG-M (9) 70+4.1
CG-F(12)
OW-RCT (14) |64+4 70% HRR 12/3/50 12/-/- BW, FM, LM, BMI
OW-CG (9) 63+2
Bocalini et al. 2012
O-RCT (9) 62+2 70% HRR 12/3/50 12/-/-
0-CG (9) 62+1
RCT (34) 60-75 OMNI-RES RPE4-8 12/3/- 8/3/8-12 EM, BMI, 6 MW, Knee
Mazini Filho et al. 2018 function, Upper limb pull
CG (31)
RCT (16) >60 70% 1RM 56/2/75 6/-/8-12 Bm’ BMI, Upper limb pull
Suzuki et al. 2018 6 MW
CG (15)
HIICT (18) 67.8+£6.2 RPE 12-18 18/2/60 5-12/-/- BMI, DBP, SBP
Ballesta-Garcia et al. 2020 MICT (18) RPE 6-14 18/2/60 5-12/-/-
CG (18)
RCT (15) 751+1.4 RPE 12-14 12/3/30 19/-/10-12 DBP, SBP
Choi et al. 2020
CG(12) 723+14
RCT (16) 61.6+5.3 50-100% 6RM 12/2/35-47 6/1-3/6-12 FM, LM
Romero-Arenas et al. 2013
CG(7)
RCT (12) 71.13+2.75 | RPE11-14 8/3/50 8/3/12-15 DBP, SBP
Lee etal. 2018
CG(12) 72.13+£2.72
RCT (23) 64.7£6.74 | OMNI-RES RPE 3-8 16/2/50 11/3/12-14 Upper limb pull, Knee func-
Ramos et al. 2022 tion, GDLAM
CG (22) 64.81+£4.34
BW, Upper limb push,
RCT (20) 68.8+3.2 75% 1RM 52/2-3/60 8/3/8 Upper limb pull, Knee
Rhodes et al. 2000 function
CG (18) 68.2£35
1DW (29) 69.046.5 | 70.3%-75.4% HRmax 12/1/40 6-8/3-5/15-20 ﬁm?‘ﬁ}’ DB, SBR, Upper
Mirua et al. 2008 2DW (25) 69.5%7.0 12/2/40 6-8/3-5/15-20
CG (23) 68.9+7.5
RCT (12) 70.8+5.8 40-65% 1RM 8/3/45 10/1-3/10-12 DBP, SBP
Min Fang et al. 2020
CG(8) 71.8+4.8
RCT (11) 70.3+5.7 40-65% 1RM 8/3/45 10/1-3/10-12 DBP, SBP
Juan Zhang et al. 2021
CG (7) 71.6+5.2
HIICT (18) 67.8+£6.2 RPE 12-18 18/2/60 5-12/-/- 6 MW, BMI
Ballesta-Garcia et al. 2019 MICT (18) RPE 6-14 18/2/60 5-12/-/-
CG (18)
Upper limb push, Upper
RCT (8) 68.2%1 65-75% 1RM 52/3/60 12/3/8 fimb pull
Pyka et al. 1994 Knee function
Hip function
CG (6)

Table 1. Description of studies included in the meta-analysis. *"-" stands for missing data.n number, RCT
resistance circuit training, CG control group, OW over weight,O obesity, HIICT high intensity interval
resistance circuit training, IDW one day a week, 2DW two day a week, MICT moderate intensity continuous
training, 1RM One Rep Max, F female, M male, HRR Heart Rate Reserve, RPE Rating of Perceived Exertion,
HRmax Heart Rate Max, BW body weight, BMI body mass index, FM fat mass, LM lean mass, GDLAM Heart
Rate score , 6 MW 6 min walking, DBP diastolic blood pressure, SBP systolic blood pressure.
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Results of the meta-analysis
Body composition
After analyzing the data from the included studies that assessed body composition as an outcome, we found that
compared to the control group, the RCT group showed significant effects on decreasing fat mass (MD =--5.39 kg,
95% CI-10.48 to—0.29, I*=89%, P=0.04), BMI (MD = - 1.22, 95% CI -2.17 to— 0.26, I*=89%, P=0.01) (Fig. 3),
body weight (MD =-1.28 kg, 95% CI-1.78 to—0.78, ?*=48%, P<0.001) (Fig. 4) and increasing lean mass
(MD=1.42 kg, 95% CI 0.83-2.01, I*=0%, P<0.001) in older adults (Fig. 2).

Subgroup analyses revealed that high-intensity RCT reduced BMI (MD =-1.49, 95% CI-2.59 to—-0.38,
1=91%) and body weight (MD =-1.31kg, 95% CI-1.82t0—0.8, I?=58%). However, no significant changes in
BMI or body weight were found with low- and moderate-intensity RCT (Fig. 2).

Muscle strength
The meta-analysis of the seven included studies of muscle strength revealed a improvement in upper limb
strength function among older adults (SMD =2.09, 95% CI 1.7-2.48, *=51%, P<0.001). Subgroup analyses based
on basic body movement patterns indicated that RCT enhanced both upper limb push function (SMD =2.07, 95%
CI 1.66-2.48, I>=14%) and upper limb pull function in older adults (SMD =2.08, 95% CI 1.21-2.96, I>=80%).
A subgroup analysis of the five included studies demonstrated that RCT improved knee function (SMD =2.08,
95% CI 1.49-2.67, 1*=70%) and hip function (SMD =1.78, 95% CI 1.17-2.39, [*=43%). The overall effect size for
lower limb strength function showed improvement (SMD =2.03, 95% CI 1.56-2.51, I*=63%, P<0.001) (Fig. 3).

Cardiorespiratory endurance
The meta-analysis findings suggested that RCT may enhance the 6-min walking distance of older adults
(MD =94 m, 95% CI 25.69-162.67, 1*=86%, P=0.007) (Fig. 4).

Blood pressure

The effect of RCT on blood pressure in the elderly was examined in the meta-analysis of the six included studies.
The results showed a difference between the RCT and control groups in terms of systolic blood pressure (SBP)
(MD =-9.8 mmHg; 95% CI-13.26 to—6.31, 1*=44%, P<0.001). Similar changes were observed in diastolic blood
pressure (DBP) (MD =-4.4 mmHg; 95% CI-6.59 to - 2.15, I*=6%, P<0.001).

Subgroup analysis was conducted based on exercise intensity. It was found that SBP was lower in moderate
to low intensity exercise (MD = - 13.8 mmHg; 95% CI - 18.28 to — 9.3, I*=0%), while no changes were observed
with high-intensity exercise. Similarly, modest to low intensity exercise was associated with a decrease in DBP
(MD =-6.8 mmHg; 95% CI—9.46 to—3.48, [*=0%), whereas high-intensity exercise did not show changes
(Fig. 5).

Functional autonomy

The meta-analysis of the three included studies that reported functional autonomy demonstrated that RCT
interventions led to an improvement among older adults. The assessment of functional autonomy was performed
using the GDLAM index in these studies. The results indicated a decrease in the GDLAM index after the RCT
intervention compared to the control group (MD =-1.35, 95% CI - 1.73 to—0.96, I*=46%, P<0.001) (Fig. 6).

Discussion
This meta-analysis comprehensively examined the impact of resistance circuit training on various health indica-
tors in older adults, including body composition, muscle strength, endurance, blood pressure, and functional
autonomy. Subgroup analyses identified movement patterns and exercise intensity as sources of heterogeneity. The
findings from 15 studies demonstrate the positive effects of resistance circuit training in older adults: 1. Resistance
circuit training effectively reduces body weight, BMI, and fat mass while promoting lean body mass, particularly
with high-intensity regimens. 2. Muscle strength in both upper and lower limbs significantly improves with
resistance circuit training. 3. Resistance circuit training enhances cardiorespiratory endurance, as indicated by
improved 6-min walking performance. 4. It effectively lowers blood pressure, with medium- to low-intensity
programs being more advantageous. 5. Resistance circuit training improves functional autonomy in older people.
This study’s findings align with previous research on body composition, which reveals that resistance circuit
training is an effective means to enhance lean body mass and reduce fat mass in older adults®’. With advancing
age, older adults often experience a decline in muscle mass and an increase in fat mass. The decline in muscle
mass can lead to mobility issues, reduced physical strength, and balance problems, potentially increasing the
risk of falls and fractures®. Increased fat mass, on the other hand, may elevate the risk of chronic diseases such
as diabetes, hypertension, and cardiovascular issues*. Resistance circuit training has played a positive role in
improving body composition among various populations. Resistance circuit training has been found to have a
similar effect as aerobic training on reducing body fat mass in postmenopausal women, with reductions in total
body fat, subcutaneous fat, and abdominal fat observed after low-intensity resistance circuit training, alongside
reductions in blood pressure®. In Pablo et al. study, a 12-weeks resistance circuit training program improved lean
body mass, reduced fat mass, and enhanced functional autonomy in older adults aged between 65 and 75 years®®.
Another study found that resistance circuit training yielded similar results to traditional strength training in
improving lean body mass while also reducing fat mass®!. Resistance circuit training typically combines resistance
exercises (such as weightlifting, push-ups, squats, etc.) with aerobic exercises (e.g., jumping jacks, running, jump
rope, etc.). Resistance exercises contribute to minor muscle tissue damage and subsequent reconstruction, leading
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Fat Mass
Source

MD (95% CI)

Romero-Arenas et al. 2008
Bocalini et al. 2012_a
Bocalini et al. 2012_b
Bocalini et al. 2012_c

Total

-1.50 (-10.53- 7.53)
-2.00 (-5.84- 1.84)
-4.00 (-6.65- —1.35)
-12.00 (-14.61- -9.39)
-5.39 (-10.48- -0.29)

Heterogeneity: x2 = 26.82 (P < 0.001), /* = 89%
Test for overall effect: z = -2.07 (P =0.04)

Lean Mass
Source

MD (95% CI)

Romero-Arenas et al. 2012
Marcos-Pardo. et al. 2019_a
Marcos-Pardo. et al. 2019_b
Bocalini. et al. 2012_a
Bocalini. et al. 2012_b
Bocalini. et al. 2012_c

Total

1.10 (-6.18-8.38)
1.16 (0.38-1.94)
1.98 (0.98-2.98)
0.00 (-3.52-3.52)
0.00 (-3.92-3.92)
4.00 (-1.47-9.47)
1.42 (0.83-2.01)

Heterogeneity: y2 = 3.62 (P =0.61), 1> = 0%
Test for overall effect: z = 4.69 (P < 0.001)

BMI
Source

MD (95% Cl)

=5 0 5

Mazini Filho et al. 2018
Suzuki et al. 2018
Ballesta-Garcia et al. 2020

Marcos—Pardo et al. 2019_a
Marcos—Pardo et al. 2019_b

Bocalini et al. 2012_a
Bocalini et al. 2012_b
Bocalini et al. 2012_c
Ballesta-Garcia et al. 2019

Miura et al. 2008_a
Miura et al. 2008_b

Total

-0.66 (-5.51- 4.19)
-2.00 (-6.39- 2.39)
-0.60 (-4.05- 2.85)
-0.47 (-0.79- -0.15)
-0.33 (-0.55- -0.11)
-1.00 (-4.03- 2.03)
-3.00 (-3.81- -2.19)
-4.00 (-4.92- -3.08)
-0.60 (-0.83- -0.37)

-0.20 (-1.82- 1.42)
0.00 (-1.52- 1.52)

-1.22 (-2.17- -0.26)

Heterogeneity: x2, = 93.25 (P < 0.001), /> = 89%
Test for overall effect: z = -2.50 (P = 0.01)

Body Weight
Source

MD (95% ClI)

T

I T |
-6 -4 -2 0
MD (95% Cl)

Mazini Filho et al. 2018
Suzuki et al. 2018

Marcos-Pardo. et al. 2019_a
Marcos—Pardo. et al. 2019_b

Bocalini et al. 2012_a
Bocalini et al. 2012_b
Bocalini. et al. 2012_c
Rhodes et al. 2000

Mirua et al. 2008 2008_a
Mirua et al. 2008 2008_b

Total

-1.50 (-6.88- 3.88)
-5.00 (-10.93- 0.93)
-1.04 (-1.72- -0.36)
-1.28 (-2.10- -0.46)
-1.00 (-6.37- 4.37)
-4.00 (-8.26- 0.26)
-9.00 (-13.23- -4.77)
1.10 (-6.90- 9.10)

-0.10 ( -4.20- 4.00)
-0.30 ( -4.59- 3.99)

-1.28 (-1.78- -0.78)

Heterogeneity: xé =17.21 (P =0.05), 1?=48%
Test for overall effect: z = -5.02 (P < 0.001)

-10 -5 0
MD (95% Cl)

Figure 2. Effect of RCT on body composition in older adults. (a), (b), and (c) in the figure represent different
populations in the same study, diamonds in the forest plot represent the overall effect size. Gray represents the

results calculated using the fixed effects model, and red represents the random effects model.

to increased muscle mass®”%, while aerobic exercises increase energy expenditure, aiding in reducing fat mass®.

This could be a contributing factor to the beneficial effects of resistance circuit training on body composition.
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Upper limb muscle strength

Source SMD (95% Cl) )
Marcos—-Pardo et al. 2019_a  2.06 (1.10-3.03) ——
Marcos-Pardo et al. 2019_b  2.55 (1.23-3.86) ——
Marcos-Pardo etal. 2019_c  2.77 (1.67-3.87) ——
Marcos-Pardo et al. 2019_d 2.88 (1.47-4.28) e
Pyka et al. 1994_a 1.65 (0.37-2.92) ——
Pyka et al. 1994_b 1.51 (0.26-2.75) ———
Pyka et al. 1994_c 1.60 (0.33-2.86) ———
Rhodes et al. 2000_a 1.44 (0.72-2.16) —7—
Rhodes et al. 2000_b 2.60 (1.72-3.49) ———
-
Mazini Filho et al. 2018_b 2.93 (2.22-3.64) ——
Ramos et al. 2022 1.20 (0.56-1.84) —f9—:
Pyka et al. 1994_d 1.48 (0.25-2.72) ——
Rhodes et al. 2000_c 2.64 (1.75-3.53) —H—
e
Total 2.09 (1.70-2.48) <
Heterogeneity: x2, = 24.43 (P =0.02), I =51% _'4 _'2 0 ; ;
Test for overall effect: z = 10.59 (P <0 .001)
SMD (95% Cl)

Lower limb muscle strength
Source SMD (95% CI)
Marcos-Pardo et al. 2019_a  2.83 (1.71-3.94) ——F—
Marcos-Pardo et al. 2019_b  1.22 (0.31-2.13) —E—
Mazini Filho et al. 2019_a 2.73 (2.05-3.42) —E—
Ramos et al. 2022 2.57 (1.77-3.38) —E—
Pyka et al. 1994_a 2.71 (1.13-4.29) — g
Rhodes et al. 2000_a 1.01 (0.33-1.69) -
Rhodes et al. 2000_b 1.90 (1.12-2.68) —ff—

P
Marcos-Pardo et al. 2019_c  1.64 (0.75-2.54) ——
Marcos—-Pardo et al. 2019_d  1.49 (0.55-2.44) —F-
Pyka et al. 1994_b 3.41(1.59-5.22) —_—a—

-
Total 2.03 (1.56-2.51) <>
Heterogeneity: y2 = 24.19 (P = 0.004), I* = 63% ' ' ! !
Test for overall effect: z = 8.40 (P < 0.001) =4 -2 0 2 4
SMD (95% ClI)

Figure 3. Effect of RCT on muscle strength in older adults. (a), (b), (c) and ‘d in the figure represent different
populations or different body parts in the same study, diamonds in the forest plot represent the overall effect
size, and red indicates the results calculated using the random effects model.

Cardiorespiratory Endurance

Source MD (95% CI)

Mazini Filho. et al. 2018 69 (47.95- 89.05) -
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Figure 4. Effect of RCT on cardiorespiratory endurance in elderly individuals. Diamonds in the forest plot
represent the overall effect size, and red indicates the results calculated using the random effects model.
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Figure 5. Investigation of the Impact of RCT on Blood Pressure in Older Adults: In the forest plot, diamonds
represent the overall effect size. Gray shading indicates results calculated using the random effects model. SBP
refers to systolic blood pressure, while DBP refers to diastolic blood pressure. The labels (a) and (b) in the figure
represent different populations within the same study.

GDLAM
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SMD (95% CI)

Figure 6. Effect of RCT on functional autonomy in elderly individuals. Diamonds in the forest plot represent
the overall effect size, and gray indicates the results calculated using the random effects model. Latin American
Development Group for Maturity (GDLAM), where lower GDLAM scores indicate better functional autonomy
in older individuals. (a) and (b) in the figure represent different populations in the same study.

Weight is the dynamic result of muscle, fat, and water balance within the body. Consistent with prior research,
this study also found significant effects of resistance circuit training on weight and BMI in older adults. In
Ramos-Campo’s research, resistance circuit training significantly reduced the weight (average decrease of 1.6 kg)
and body mass index (average decrease of — 0.70 kg/m?) of middle-aged and older women (aged 54-73 years)*.
Another study discovered that resistance circuit training had significant intervention effects on weight (aver-
age decrease of —3.81 kg) and body mass index (average decrease of —1.77 kg/m2) in healthy adults (above
18 years old). Subgroup analysis revealed that the intervention effects were significant only in obese or overweight
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participants (obese: WMD =—5.15 kg, 95% CI - 8.81 to— 1.50; overweight: WMD =—3.89 kg, 95% CI-7.00
to—0.77), with no significant effect observed in normal-weight participants*’. Subgroup analysis in this study
indicates that high-intensity resistance circuit training is more conducive to weight and BMI reduction. This is
likely attributed to the higher calorie expenditure and increased metabolic rate associated with higher intensity.
Studies focused on older adults have demonstrated that aerobic combined with resistance training plans can
increase metabolic rate and improve body composition. However, long-term training in older women can lead to
metabolic adaptation and a decrease in metabolic rate*!. This suggests that the optimal intensity for weight loss
may vary due to individual differences, such as age. The suitability of high-intensity resistance circuit training
for older adults should be determined based on their health status and physical fitness levels.

This study asserts that resistance circuit training is advantageous for enhancing muscle strength in older
adults, aligning with previous research'®*%. In postmenopausal older women, resistance circuit training has
demonstrated moderate to large favorable effects on the strength of the arms (SMD =0.81, 95% CI 0.34-1.28),
trunk (SMD =1.61, 95% CI 0.95-2.28), and lower limbs (SMD =1.30, 95% CI 0.72-1.88)**. Among middle-aged
and older participants (aged 55-74 years), resistance circuit training resulted in a 1.14 kg increase in upper body
strength (95% CI 0.28-2.00) and an 11.99 kg increase in lower body strength (95% CI 2.92-21.06)'. Subgroup
analysis in this study reveals that resistance circuit training has a positive impact on increasing upper-body
pushing, upper-body pulling, knee flexor-extensor strength, and hip flexor-extensor strength in older adults
(SMD: 1.78-2.08). This suggests that resistance circuit training’s benefits on muscle strength are holistic, promot-
ing overall health maintenance in older individuals. The ability of resistance circuit training to enhance muscle
strength is attributed to its characteristics of high intensity, variety, overload training, and consistency. These
elements collectively enhance muscle adaptability, resulting in increased strength.

Cardiorespiratory endurance is of paramount importance for older adults in maintaining physical health,
enhancing quality of life, reducing the risk of chronic diseases, and decelerating the aging process. This study
found that resistance circuit training can significantly enhance 6-min walking performance, a critical measure-
ment of cardiorespiratory endurance, in older individuals. An 8-month aerobic training intervention effectively
improved the 6-min walking performance in older adults, while resistance training demonstrated an improve-
ment trend in the 6-min walking test without reaching statistical significance*’. Nevertheless, a majority of
studies still indicate the beneficial effects of resistance training on the 6-min walking test*>*%. Maximal oxygen
consumption (VO, max) is another crucial indicator of cardiorespiratory endurance in older individuals.How-
ever, in this study, only one study reported improvements in VO, max in older adults following resistance circuit
training®!, making it challenging to conduct a comprehensive meta-analysis.

Blood pressure levels in older adults serve as an indicator of cardiovascular health. Controlling blood pressure
in older individuals is crucial for preventing and managing various chronic diseases and maintaining overall
well-being. In this study, resistance circuit training demonstrated significant improvements in both systolic and
diastolic blood pressure levels in older adults. The improvement in blood pressure through resistance circuit
training may be attributed to the enhancement of vascular endothelial function. Multiple studies have found
that resistance circuit training can effectively enhance vascular health indicators such as intima-media thickness
(IMT) of the carotid artery, flow-mediated dilation (FMD) of the brachial artery, and pulse pressure (PP)*+.
Additionally, resistance circuit training may reduce the burden on the cardiovascular system by reducing body
weight and fat mass, leading to a decrease in blood pressure.

Functional autonomy refers to an individual’s ability to independently perform daily tasks and activities
of daily living, encompassing physical independence, mobility, and the capacity to carry out routine tasks and
activities. Functional autonomy is primarily assessed using the Latin American Development Group for Maturity
(GDLAM), where lower GDLAM scores indicate better functional autonomy in older individuals*. This study
found that resistance circuit training can effectively reduce GDLAM scores in older adults, thereby enhancing
their functional autonomy. Among the included studies, high-intensity circuit resistance training has demon-
strated a positive impact on functional autonomy, with significant reductions in GDLAM scores in the experi-
mental groups'®4%4,

Limitations
Our meta-analysis has limitations. Firstly, we included 2 controlled experiments due to limited research on
resistance circuit training in older adults. Secondly, high heterogeneity remained in muscle function and body
composition outcomes. Subgroup analyses based on gender and age were not feasible. A standardized criterion
for measuring exercise intensity in older adults was lacking. Intervention periods ranged from 8 to 56 weeks,
requiring cautious interpretation. Additionally, included studies had a high risk of bias and low overall quality.
Another notable limitation of our study is the reliance on a single study for analyzing the effects of high-
intensity circuit training on blood pressure in older adults. This limited data source constrains the statistical
robustness and generalizability of our findings within this specific subgroup. While the investigation into high-
intensity training is driven by its potential relevance for older adults” health, the conclusions drawn should be
interpreted with caution due to the small sample size.

Conclusion

Resistance circuit training has positive effects in older adults, reducing fat mass and increasing lean body mass,
especially with high-intensity training. Muscle function, including upper and lower limb strength, improves,
along with knee and hip joint muscle function. Circuit training enhances cardiorespiratory endurance, as seen
in improved 6-min walking distance. It also maintains blood pressure, particularly systolic, in moderate to low
intensity. Functional autonomy improves using the GDLAM index in older adults.

Scientific Reports |

(2024) 14:8823 | https://doi.org/10.1038/s41598-024-59386-9 nature portfolio



www.nature.com/scientificreports/

Data availability
The datasets used or analyzed during the current study are available from the corresponding author upon rea-
sonable request.

Received: 23 December 2023; Accepted: 10 April 2024
Published online: 17 April 2024

References

1.

Eluamai, A. & Brooks, K. Effect of aerobic exercise on mitochondrial DNA and aging. J. Exerc. Sci. Fit. 11, 1-5. https://doi.org/10.
1016/j.jest.2013.03.003 (2013).

2. Kaminsky, L. A. ACSM’s Guidelines for Exercise Testing and Prescription. (2014).

3. Goodpaster, B. H. et al. The loss of skeletal muscle strength, mass, and quality in older adults: The health, aging and body composi-
tion study. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 61, 1059-1064. https://doi.org/10.1093/gerona/61.10.1059 (2006).

4. Seffrin, A. et al. Impact of aging on maximal oxygen uptake adjusted for lower limb lean mass, total body mass, and absolute values
in runners. GeroScience https://doi.org/10.1007/s11357-023-00828-z (2023).

5. Wilke, J., Macchi, V., De Caro, R. & Stecco, C. Fascia thickness, aging and flexibility: Is there an association?. J. Anat. 234, 43-49.
https://doi.org/10.1111/joa.12902 (2019).

6. Organization, W. H. World report on ageing and health 2015. (2015).

7. Palmer, A. K. & Jensen, M. D. Metabolic changes in aging humans: Current evidence and therapeutic strategies. J. Clin. Invest.
https://doi.org/10.1172/jci158451 (2022).

8. Jura, M. & Kozak, L. P. Obesity and related consequences to ageing. Age 38, 23. https://doi.org/10.1007/s11357-016-9884-3 (2016).

9. Alcaraz, P. E., Perez-Gomez, J., Chavarrias, M. & Blazevich, A. J. Similarity in adaptations to high-resistance circuit vs. traditional
strength training in resistance-trained men. J. Strength Condition. Res. 25, 2519-2527. https://doi.org/10.1519/JSC.0b013e3182
023a51 (2011).

10. Li, C. W. et al. Pathogenesis of sarcopenia and the relationship with fat mass: Descriptive review. J. Cachexia. Sarcopenia Muscle
13, 781-794. https://doi.org/10.1002/jcsm.12901 (2022).

11. Papadopoulou, S. K. Sarcopenia: A contemporary health problem among older adult populations. Nutrients https://doi.org/10.
3390/nul2051293 (2020).

12. Larsson, L. et al. Sarcopenia: Aging-related loss of muscle mass and function. Physiol. Rev. 99, 427-511. https://doi.org/10.1152/
physrev.00061.2017 (2019).

13. Dhillon, R. J. & Hasni, S. Pathogenesis and management of sarcopenia. Clin. Geriatr. Med. 33, 17-26. https://doi.org/10.1016/].
cger.2016.08.002 (2017).

14. Munoz-Martinez, F. A., Rubio-Arias, J., Ramos-Campo, D. J. & Alcaraz, P. E. Effectiveness of resistance circuit-based training for
maximum oxygen uptake and upper-body one-repetition maximum improvements: A systematic review and meta-analysis. Sports
Med. 47, 2553-2568. https://doi.org/10.1007/s40279-017-0773-4 (2017).

15. van de Port, I. G., Wevers, L. E., Lindeman, E. & Kwakkel, G. Effects of circuit training as alternative to usual physiotherapy after
stroke: Randomised controlled trial. BM] 344, 2672. https://doi.org/10.1136/bmj.e2672 (2012).

16. Marcos-Pardo, P. J. et al. Effects of a moderate-to-high intensity resistance circuit training on fat mass, functional capacity, muscular
strength, and quality of life in elderly: A randomized controlled trial. Sci. Rep. 9, 7830. https://doi.org/10.1038/s41598-019-44329-6
(2019).

17. Buch, A. et al. The effect of circuit resistance training, empagliflozin or “vegeterranean diet” on physical and metabolic function in
older subjects with type 2 diabetes: A study protocol for a randomized control trial (CEV-65 trial). BMC Geriatr. 19, 228. https://
doi.org/10.1186/s12877-019-1219-7 (2019).

18. Buch, A. et al. Circuit resistance training is an effective means to enhance muscle strength in older and middle aged adults: A
systematic review and meta-analysis. Ageing Res. Rev. 37, 16-27. https://doi.org/10.1016/j.arr.2017.04.003 (2017).

19. Bocalini, D. S. et al. Effects of circuit-based exercise programs on the body composition of elderly obese women. Clin. Interv. Aging
7, 551-556. https://doi.org/10.2147/cia.S33893 (2012).

20. Paoli, A. et al. Effects of high-intensity circuit training, low-intensity circuit training and endurance training on blood pressure
and lipoproteins in middle-aged overweight men. Lipids Health Dis. 12, 131. https://doi.org/10.1186/1476-511x-12-131 (2013).

21. Romero-Arenas, S. et al. Effects of high-resistance circuit training in an elderly population. Exp. Gerontol. 48, 334-340. https://
doi.org/10.1016/j.exger.2013.01.007 (2013).

22. Miura, H., Nakagawa, E. & Takahashi, Y. Influence of group training frequency on arterial stiffness in elderly women. Eur. J. Appl.
Physiol. 104, 1039-1044. https://doi.org/10.1007/s00421-008-0860-1 (2008).

23. Turri-Silva, N. et al. High-intensity interval training versus progressive high-intensity circuit resistance training on endothelial
function and cardiorespiratory fitness in heart failure: A preliminary randomized controlled trial. PLoS One 16, €0257607. https://
doi.org/10.1371/journal.pone.0257607 (2021).

24. Brentano, M. A. et al. Physiological adaptations to strength and circuit training in postmenopausal women with bone loss. J.
Strength Condition. Res. 22, 1816-1825. https://doi.org/10.1519/JSC.0b013e31817ae3f1 (2008).

25. Choi, H. M., Hurr, C. & Kim, S. Effects of elastic band exercise on functional fitness and blood pressure response in the healthy
elderly. Int. J. Environ. Res. Public Health https://doi.org/10.3390/ijerph17197144 (2020).

26. Ramos-Campo, D. J., Andreu-Caravaca, L., Carrasco-Poyatos, M., Benito, P. J. & Rubio-Arias, J. Effects of circuit resistance training
on body composition, strength, and cardiorespiratory fitness in middle-aged and older women: a systematic review and meta-
analysis. J. Aging Phys. Activ. 30, 725-738. https://doi.org/10.1123/japa.2021-0204 (2022).

27. Norton, K., Norton, L. & Sadgrove, D. Position statement on physical activity and exercise intensity terminology. J. Sci. Med. Sport
13, 496-502. https://doi.org/10.1016/j.jsams.2009.09.008 (2010).

28. Medicine, P. The GRADE System for Rating Clinical Guidelines. (2009).

29. Higgins, J. P. T. et al. (eds) Cochrane Handbook for Systematic Reviews of Interventions (Wiley, 2019). https://doi.org/10.1002/97811
19536604.

30. Higgins, J. P. T, Thompson, S. G., Decks, J. J. & Altman, D. G. Measuring inconsistency in meta-analyses. BMJ 327, 7414 (2003).

31. Boyle, M. J. H. K. P. Functional Training for Sports. (2003).

32. Ramos-Campo, D. J., Andreu-Caravaca, L., Carrasco-Poyatos, M., Benito, P. J. & Rubio-Arias, J. A. Effects of circuit resistance
training on body composition, strength, and cardiorespiratory fitness in middle-aged and older women: A systematic review and
meta-analysis. J. Aging Phys. Act. 30, 725-738. https://doi.org/10.1123/japa.2021-0204 (2022).

33. Bobowik, P. & Wiszomirska, I. Diagnostic dependence of muscle strength measurements and the risk of falls in the elderly. Int
Rehabil Res 43, 330-336. https://doi.org/10.1097/MRR.0000000000000430 (2020).

34. Ou, M. Y., Zhang, H., Tan, P. C., Zhou, S. B. & Li, Q. E. Adipose tissue aging: Mechanisms and therapeutic implications. Cell Death
Dis. 13, 300. https://doi.org/10.1038/s41419-022-04752-6 (2022).

35. Henriquez, S. et al. Effects of two training modalities on body fat and insulin resistance in postmenopausal women. J. Strength
Cond. Res. 31, 2955-2964. https://doi.org/10.1519/JSC.0000000000002089 (2017).

Scientific Reports | (2024) 14:8823 | https://doi.org/10.1038/s41598-024-59386-9 nature portfolio


https://doi.org/10.1016/j.jesf.2013.03.003
https://doi.org/10.1016/j.jesf.2013.03.003
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1007/s11357-023-00828-z
https://doi.org/10.1111/joa.12902
https://doi.org/10.1172/jci158451
https://doi.org/10.1007/s11357-016-9884-3
https://doi.org/10.1519/JSC.0b013e3182023a51
https://doi.org/10.1519/JSC.0b013e3182023a51
https://doi.org/10.1002/jcsm.12901
https://doi.org/10.3390/nu12051293
https://doi.org/10.3390/nu12051293
https://doi.org/10.1152/physrev.00061.2017
https://doi.org/10.1152/physrev.00061.2017
https://doi.org/10.1016/j.cger.2016.08.002
https://doi.org/10.1016/j.cger.2016.08.002
https://doi.org/10.1007/s40279-017-0773-4
https://doi.org/10.1136/bmj.e2672
https://doi.org/10.1038/s41598-019-44329-6
https://doi.org/10.1186/s12877-019-1219-7
https://doi.org/10.1186/s12877-019-1219-7
https://doi.org/10.1016/j.arr.2017.04.003
https://doi.org/10.2147/cia.S33893
https://doi.org/10.1186/1476-511x-12-131
https://doi.org/10.1016/j.exger.2013.01.007
https://doi.org/10.1016/j.exger.2013.01.007
https://doi.org/10.1007/s00421-008-0860-1
https://doi.org/10.1371/journal.pone.0257607
https://doi.org/10.1371/journal.pone.0257607
https://doi.org/10.1519/JSC.0b013e31817ae3f1
https://doi.org/10.3390/ijerph17197144
https://doi.org/10.1123/japa.2021-0204
https://doi.org/10.1016/j.jsams.2009.09.008
https://doi.org/10.1002/9781119536604
https://doi.org/10.1002/9781119536604
https://doi.org/10.1123/japa.2021-0204
https://doi.org/10.1097/MRR.0000000000000430
https://doi.org/10.1038/s41419-022-04752-6
https://doi.org/10.1519/JSC.0000000000002089

www.nature.com/scientificreports/

36. Marcos-Pardo, P. J. et al. 1Effects of a moderate-to-high intensity resistance circuit training on fat mass, functional capacity, mus-
cular strength, and quality of life in elderly: A randomized controlled trial. Sci. Rep. https://doi.org/10.1038/s41598-019-44329-6
(2019).

37. Schoenfeld, B. J. The mechanisms of muscle hypertrophy and their application to resistance training. J. Strength Condition. Res.
24, 2857-2872. https://doi.org/10.1519/JSC.0b013e3181e840f3 (2010).

38. Bersiner, K. et al. Resistance exercise: a mighty tool that adapts, destroys, rebuilds and modulates the molecular and structural
environment of skeletal muscle. Phys. Act Nutr. 27, 78-95. https://doi.org/10.20463/pan.2023.0021 (2023).

39. Broskey, N. T. et al. Effect of aerobic exercise-induced weight loss on the components of daily energy expenditure. Med. Sci. Sports
Exerc. 53, 2164-2172. https://doi.org/10.1249/MSS.0000000000002689 (2021).

40. Seo, Y. G., Noh, H. M. & Kim, S. Y. Weight loss effects of circuit training interventions: A systematic review and meta-analysis.
Obes. Rev. 20, 1642-1650. https://doi.org/10.1111/0br.12911 (2019).

41. Martins, C., Gower, B. & Hunter, G. R. Metabolic adaptation after combined resistance and aerobic exercise training in older
women. Obesity 30, 1453-1461. https://doi.org/10.1002/0by.23450 (2022).

42. Wanderley, E. A. et al. Differential responses of adiposity, inflammation and autonomic function to aerobic versus resistance train-
ing in older adults. Exp. Gerontol. 48, 326-333. https://doi.org/10.1016/j.exger.2013.01.002 (2013).

43. Hwang, C. L., Chien, C. L. & Wu, Y. T. Resistance training increases 6-minute walk distance in people with chronic heart failure:
a systematic review. J. Physiother. 56, 87-96. https://doi.org/10.1016/s1836-9553(10)70038-2 (2010).

44. Ferte, ]. B. et al. Impact of resistance training on the 6-minute walk test in individuals with chronic obstructive pulmonary disease:
A systematic review and meta-analysis. Ann. Phys. Rehabil. Med. 65, 101582. https://doi.org/10.1016/j.rehab.2021.101582 (2022).

45. Getty, A. K. et al. Effects of circuit exercise training on vascular health and blood pressure. Prev. Med. Rep. 10, 106-112. https://
doi.org/10.1016/j.pmedr.2018.02.010 (2018).

46. Franklin, N. C. et al. Circuit resistance training attenuates acute exertion-induced reductions in arterial function but not inflam-
mation in obese women. Metab. Syndr. Relat. Disord. 13, 227-234. https://doi.org/10.1089/met.2014.0135 (2015).

47. Pernambuco, C. S. et al. Functional autonomy, bone mineral density (BMD) and serum osteocalcin levels in older female partici-
pants of an aquatic exercise program (AAG). Arch. Gerontol. Geriatr. 56, 466-471. https://doi.org/10.1016/j.archger.2012.12.012
(2013).

48. Ramos, A. M. et al. Resistance circuit training or walking training: which program improves muscle strength and functional
autonomy more in older women?. Int. J. Environ. Res. Public Health https://doi.org/10.3390/ijerph19148828 (2022).

49. Suzuki, E S. et al. Effects of a multicomponent exercise program on the functional fitness in elderly women. Revista Brasileira De
Medicina Do Esporte 24, 36-39. https://doi.org/10.1590/1517-869220182401179669 (2018).

Author contributions

HCX conducted the data visualization and data extraction and contributed to the writing of the manuscript.
XYP provided insights for the writing of the article and participated in the literature screening and data extrac-
tion. ZDY provided insights for the writing of the article and evaluated the potential biases in this study. YMY
completed the language polishing and editing of the manuscript. MT participated in the writing and guidance
of the manuscript.

Funding
The work was supported by the Fundamental Research Funds for the Central Universities under Grant
2016SYS002 and the National Key R&D Program of China under Grant 2018YFC2000602.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-59386-9.

Correspondence and requests for materials should be addressed to T.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:8823 | https://doi.org/10.1038/s41598-024-59386-9 nature portfolio


https://doi.org/10.1038/s41598-019-44329-6
https://doi.org/10.1519/JSC.0b013e3181e840f3
https://doi.org/10.20463/pan.2023.0021
https://doi.org/10.1249/MSS.0000000000002689
https://doi.org/10.1111/obr.12911
https://doi.org/10.1002/oby.23450
https://doi.org/10.1016/j.exger.2013.01.002
https://doi.org/10.1016/s1836-9553(10)70038-2
https://doi.org/10.1016/j.rehab.2021.101582
https://doi.org/10.1016/j.pmedr.2018.02.010
https://doi.org/10.1016/j.pmedr.2018.02.010
https://doi.org/10.1089/met.2014.0135
https://doi.org/10.1016/j.archger.2012.12.012
https://doi.org/10.3390/ijerph19148828
https://doi.org/10.1590/1517-869220182401179669
https://doi.org/10.1038/s41598-024-59386-9
https://doi.org/10.1038/s41598-024-59386-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of resistance circuit training on comprehensive health indicators in older adults: a systematic review and meta-analysis
	Methods
	Search strategy
	Inclusion and exclusion procedures
	Data extraction
	Quality assessment and certainty of evidence
	Statistical analysis

	Result
	Study selection and characteristics
	Risk of bias of included studies

	Results of the meta-analysis
	Body composition
	Muscle strength
	Cardiorespiratory endurance
	Blood pressure
	Functional autonomy

	Discussion
	Limitations
	Conclusion
	References


