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Simple Summary: Resistance circuit-based training is an effective training method to decrease total
body fat and increase muscle mass in adults. Resistance circuit-based training promotes concurrent
improvements in strength performance and cardiorespiratory fitness variables in adults. If training
load is managed properly, a greater effect on body composition and strength adaptations is possible.
Regarding 1-RM improvements, the effect of this type of training is influenced by the training status,
obtaining greater effects in untrained and active adults, and by the training characteristics, showing
a larger effect in protocols with three sessions and a duration of >20 training sessions. For body fat
mass decreases, the effect of resistance circuit-based training was significantly greater in protocols
that used low (<60% 1-RM) or moderate intensity (60-80% 1-RM) and short periods or rest between
exercises (10-30 s).

Abstract: We assessed the effects of resistance circuit-based training (CT) on strength, cardiorespi-
ratory fitness, and body composition. A systematic review with meta-analysis was conducted in
three databases, ending on March, 2020. Meta-analysis and subgroup analysis were used to analyze
the effects of pre—post-intervention CT and differences from control groups (CG). Of the 830 studies
found, 45 were included in the meta-analysis (58 experimental groups (n = 897) and 34 CG (n = 474)).
The CT interventions led to increases in muscle mass (1.9%; p < 0.001) and decreases in fat mass
(4.3%; p < 0.001). With regard to cardiorespiratory fitness, CT had a favorable effect on VO2max
(6.3%; p < 0.001), maximum aerobic speed or power (0.3%; p = 0.04), and aerobic performance (2.6%;
p = 0.006) after training. Concerning strength outcome, the CT increased the strength of the upper
and lower extremities. Only the magnitude of strength performance appears to be influenced by
the training (number of sessions and frequency) and the training status. Moreover, low and mod-
erate intensities and short rest time between exercise increase the magnitude of change in fat mass
loss. Therefore, CT has been shown to be an effective method for improving body composition,
cardiorespiratory fitness, and strength of the lower and upper limbs.

Keywords: fat mass; maximum oxygen uptake; muscle mass; one maximum repetition

1. Introduction

Many guidelines for physical activity and exercise published by international associa-
tions [1] have recommended an increase in maximal strength, along with cardiovascular
fitness and the improvement of body composition, to provide overall health benefits in the
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young [2] and elderly population [3], as well as for the improvement of quality of life in
patients with different pathologies such as cancer [4], kidney diseases [5], or diabetes [6].
In numerous pathologies and in athletic disciplines, endurance and resistance training
are often trained concomitantly (i.e., concurrent training) as part of a periodized training
program [7]. To date, one of the most common concurrent training methods is resistance
circuit-based training (CT) [8], which promotes aerobic conditioning, muscular endurance,
and neuromuscular and strength adaptations in one workout [9]. This method comprises
single or several sets of different exercises completed in succession with little rest between
exercises. The exercises are performed at low (<60% of one maximum repetition (1-RM)),
moderate (60-80% 1-RM), or high loads (>80% 1-RM), with a high number of repetitions
(12-15) or lower (<12) or using a set length of time (e.g., 30 s), and with a very short rest
period between exercises (e.g., 30 s) [8]. CT has been previously recommended as an
elective type of training in untrained or people with a lower basal level of fitness [10],
due to fact that this type of training can improve both upper body maximal strength and
VOymax [8]. In addition, CT has been applied as an introductory type of training for
developing cardiovascular conditioning and 1-RM in athlete periodization programs [8].
However, the results of CT in trained athletes are controversial, because some studies [10]
conclude that the aerobic adaptations may be lower in those who are more fit, while other
CT studies find using heavier loads [11,12] for developing strength and cardiorespiratory
fitness are much more likely to improve them.

During CT training, athletes elicit higher heart rate but similar strength requirements to
those reported during a traditional strength-training session [13]. In addition, in comparison
to traditional strength training, higher lactate concentrations and ratings of perceived exertion
have been shown during CT [14]. Moreover, CT has been shown to elicit higher oxygen con-
sumption during the session in comparison to a traditional strength-training session [15] and
aerobic treadmill exercise [9]. Furthermore, greater excess post-exercise oxygen consumption
during the recovery has been reported after CT compared to a traditional resistance training
session [16] or a treadmill exercise [17,18]. These characteristics of CT are typically related
with the specific strength and aerobic adaptations and body composition changes linked to
this type of training. In terms of cardiorespiratory fitness, previous studies have observed
improvements in VO,max [19-22] and endurance performance [20,23,24]. In addition, CT
increases strength performance [11,19,25] and optimizes body composition [11,25]. However,
other researchers do not find significant improvements in maximal strength [10], muscle
growth [26,27], aerobic performance [12], or VOpmax [12,28], or significant decreases in body
fat [10,26] after a CT training program in healthy adults.

These controversial findings regarding the effectiveness of CT may be related to the
training characteristics applied during the different CT training protocols [8]. For instance,
the load intensity (i.e., high vs. low loads), number of rounds, number of sets, number of
repetitions, and number of exercises or rests between exercises must be manipulated in
the CT training protocol; these characteristics establish a different dosage of training, and
consequently, they impact on the interference effect and promote different endurance and
strength adaptations. Therefore, little is known about the optimal CT dose for enhancing
endurance and strength, and to optimize body composition, or about what the more
effective CT characteristics are (program duration, number of sets, rounds, repetitions, rest,
training intensity, etc.). Thus, to obtain an answer to these aforementioned questions and
to determine the most effective CT dose in order to optimize the body composition and
improve strength and cardiorespiratory fitness, it is necessary to analyze the quantitative,
meta-analytical, and meta-regression effect of the current literature.

A previous systematic literature review with meta-analysis [8] has critically discussed
the potential of CT to increase VO,max and upper body 1-RM. A potential limitation of
this previous work is that it did not include lower body maximal strength. Therefore, to
the best of our knowledge, no study has analyzed the overall effect of CT on whole-body
strength training. Another limitation of this previous work is that it only analyzed VO,max
as a cardiorespiratory fitness variable, and previous studies [29,30] confirmed that other
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variables, such as maximum aerobic speed (MAS), are considered important indicators
of aerobic performance that may in turn be useful for prescribing individualized training
zones. Remarkably, no previous study has systematically analyzed the effect of CT on
body composition variables, despite this training method being commonly used as an
intervention to lose body mass and fat mass and to increase muscle mass [31]. Taken as
a whole, this clearly demonstrates the growing interest around CT’s potential and the
need to conduct new analysis. Therefore, our aim was to perform a systematic review and
meta-analysis to investigate the use of resistance circuit-based training to maximize body
composition and improve strength and cardiorespiratory fitness markers in healthy adults.
A secondary aim was to examine which training characteristics and dosage produced the
greatest adaptations of the variables analyzed.

2. Materials and Methods
2.1. Design

The methodological process was based on the recommendations formulated in the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) declara-
tion [32]. Additionally, the review was registered in PROSPERO International Prospective
Register of Systematic Reviews (www.crd.york.ac.uk/prospero/index.asp (accessed on
1 February 2019), identifier CRD42019122373).

2.2. Data Sources and Search Profile

A comprehensive literature search was performed using PubMed-Medline, Web of
Science, and the Cochrane Library, from database inception up to March, 2020. A database
search for scientific articles related to resistance circuit-based training and its effects on
endurance performance, strength, and body composition was performed. Two different
authors (JARA and DJRC) performed the search independently, and the results of the search
between the authors were the same. The following combination of terms was used: “circuit
training” or “circuit weight training” or “circuit strength training” or “circuit resistance
training”. The Boolean operator “and” was used to combine these descriptors with: “body
composition” or “endurance” or “oxygen consumption” or “strength” or “resistance”.

2.3. Selection Criteria

No restrictions for the search date were applied. The specific inclusion criteria were:
(1) studies examining CT intervention; (2) original studies; (3) human experimentation;
(4) studies published in English; (5) chronic interventions with a minimal duration of two
weeks; and (6) studies assessing at least VO;max (VO,max had to be assessed through a
sub-maximum or maximum test with gas exchange in an ergometer, and the values from
the test had to be expressed as mL/kg/min) or 1-RM (1-RM had to be assessed through
the 1-RM test and with a upper- or lower-limb exercise) or body composition of tested
participants. Research studies were excluded if they: (1) used a sample population with
pathologies, and if they were not between 18 and 65 years of age; (2) were reviews or
assessed the effects of an acute intervention; (3) were not an original investigation published
in full; (4) did not meet the characteristics of CT (i.e., the sets, volume of rest, etc.); (5) was
published in a language other than English; or (6) did not specify the test to be evaluated.

2.4. Study Selection and Data Extraction

Retrieved articles were reviewed independently by two authors (JARA and DJRC)
in order to select relevant articles. In addition to the literature search, references were
scanned for further relevant articles, which were included in our analysis if they met the
inclusion criteria. Two authors (JARA and DJRC) independently extracted data from the
included studies. The following information was extracted: authors of the paper; study
design; country; number of participants included in each group; gender; level of training
of the sample; age; height; weight; fat mass (%); body mass index (BMI kg/ mz) ; VO,max
(mL/kg/min); and 1-RM (kg). Regarding the characteristics of the CT intervention, the
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information extracted included: study duration (weeks); training frequency (days x week);
intensity (% RM or other); number of exercises; session duration (min); total number of
sessions; number of bouts/sets; number of repetitions; work time in each exercise (seconds);
rest between sets (seconds); and rest between exercise (seconds).

2.5. Outcomes

The outcomes analyzed were: (a) body composition—(I) body mass, (ii) fat mass (%
and kg), and (iii) muscle mass (lean body mass, skeletal muscle mass, and fat-free mass
were included as muscle mass components); (b) cardiorespiratory fitness—(i) VOp,max,
(ii) maximum aerobic speed and power (MAS/MAP), (iii) aerobic performance, and (iv)
anaerobic threshold; (c) strength, (c1) upper limbs—(i) 1-RM of bench press, (ii) 1-RM of
front pull down, (iii) 1-RM of elbow flexion, and (iv) handgrip; (c2) lower limbs—(i) 1-RM
of leg press, (ii) 1-RM of leg extension, (iii) 1-RM of half-squat, and (iv) countermovement
jump (CM]J) height. If the articles did not include any of these variables, they were removed.

2.6. Risk of Bias Assessment (Study Quality)

The methodological quality of the selected studies was assessed with the Cochrane
risk-of-bias tool [33] that includes the following domains: (1) random sequence generation
(selection bias); (2) allocation concealment (selection bias); (3) blinding of participants
and personnel (performance bias); (4) blinding of outcome assessment (detection bias);
(5) incomplete outcome data (attrition bias); (6) selective reporting (reporting bias); and (7)
other bias. For each study, each item was described as having either a low risk of bias, an
unclear risk of bias, or a high risk of bias. Risk of bias was assessed independently by two
authors (LAC and DJRC) using the Cochrane risk-of-bias tool [33]. Additionally, a visual
inspection of the publication bias was performed using the funnel plot. Egger’s test [34]
was also used to analyze the possible publication bias of the funnel plot. The threshold of
statistical significance was set at a p-value lower than 0.05.

2.7. Data Synthesis and Statistical Analysis

The meta-analysis and the statistical analysis were conducted using Review Manager
software (RevMan 5.2; Cochrane Collaboration, Oxford, UK). A random effects meta-
analysis was conducted to determine the effect of CT on body composition (body mass, fat
mass, and muscle mass), cardiorespiratory fitness (VO,max, anaerobic threshold, aerobic
performance and MAS/MAP), and strength (upper and lower limb 1-RM, handgrip, and
CM]J height). Effect sizes of outcomes between training and control arms, as well as the

differences before and after training intervention, were calculated as the (adjusted Hedges’

dif ference in mean outcome between groups )
SDpooled=standard deviation of outcome among participants
with mean + SD and 95% confidence intervals.

g) standardized mean difference (SMD =

my — mp 3
SMD = 1-—
\/(nl—l) sd2+(n—1)sd3 ( 4N — 9)
N-2
N = (n1 +n2)

The threshold values for SMD were >0.2 (small), >0.5 (moderate), and >0.8 (large) [35].
In addition, the mean difference (MD) was used when all the studies assessed the same
outcome and measured it in the same way. Each difference of the means was weighed
according to the inverse variance method [36].

The heterogeneity between the studies was evaluated through the I? statistic, and
between-study variance using the tau-square (Tau?) [37]. I? values of 30-60% represented
a moderate level of heterogeneity. A p < 0.1 value suggests the presence of substantial
statistical heterogeneity. The publication bias was evaluated through an asymmetry test as
estimated from a funnel plot.
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2.8. Effects of Moderator Variables: Meta-Regression and Sub-Analysis

Subgroup analysis was performed using Review Manager software (RevMan 5.2;
Cochrane Collaboration, Oxford, UK) to analyze the effect of categorical variables. In this
case, studies were divided into those analyzing the impact of CT according to: (a) sex
(women and men); (b) training status (trained, active, or untrained); (c) intensity (low,
<60% 1-RM; moderate, 60-80% 1-RM; and high, >80% 1-RM); (d) training volume (10-20,
21-30, or >30 total sessions); (e) frequency per week (2 or 3 sessions); (f) sets (2, 3, or >3);
(g) repetitions (6-12 or >12) and rest between exercise (10-30, 31-60, or >60 s). In each
study, the SMD (CI 95%) before and after CT was calculated. The estimate of the effect was
estimated using the inverse variance random effects method. The difference between the
groups was calculated using the chi-square statistical test (x?). Significance was accepted
at an alpha level < 0.05.

3. Results
3.1. Search Results and Characteristics of Included Studies

A total of 830 articles were identified in the initial search. Of these, 799 abstracts and
titles were reviewed, 726 articles were deleted, and 73 full-text articles were assessed for
eligibility. Finally, 45 studies [10-12,19-28,38-69] met the inclusion and exclusion criteria,
including 58 experimental groups (1 = 897 participants) and 34 control groups (n = 474
participants) (Figure 1).

]

.5 Records identified through Additional records identified
E database searching through other sources
b2 (1 =830) (n=0)
5
S
¥ ¥
Records after duplicates removed
(n=799)
op
E
g
Y
b
@ Records screened Records excluded
(n=799) (n=726)
—
~ l
S Full-text articles assessed
= for eligibility
:'Ec (n=73) Full-text articles excluded, with
g reasons
l (n=28)
— Studies included in n=12: did not assess an outcome
— qualitative synthesis analyzed
(n :|45) 1 =3: obese-overweight sample
E l n=1:included drugs
£} s .
'E Studies included in n=2: summaries or minutes of
= quantitative synthesis meetings
(meta-analysis)
(n=45) n =9: did not include an isolate
circuit training program
n = 1: acute effect study

Figure 1. Flow diagram of the included studies.

3.2. Participants and CT Characteristics

Supplemental Table S1 presents participant details; the range age of the participants
was 18-42.5 years, with a weight range of 52.5-95.5 kg and a BMI range of 20.1-30.9 kg /m?.
Additionally, the CT characteristics are shown in Table 1. The average duration of the CT
was 10 weeks (range: 4-28), with a weekly frequency of 2 and 3 sessions per week with
between 6 and 14 exercises per session.
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Table 1. Characteristics of the training intervention of studies included in the meta-analysis.

S Duration Frequency Intensity (% Exercises SeSSIfm Total Bouts/Sets Repetitions Work Time Rest Rest
tudy Group (Weeks) (Days x RM or ) Duration Session (1) ) ) Each between between
Week) Other) (min) Exercise (s) Sets (s) Exercise (s)
CT 8 3 85-90 6 55-78 24 3-6 6 25 300 35
Alcaraz et al., 2011
CG 8
CT 12 3 75 6 27 36 3 8 30 - 60
Allen et al., 1976
CG 12
CT 8 3 - 3-5 60 24 3 15-20 - 120 -
Ambrozy et al., 2017
CG 8 3 - 2 60 24
Arce-Esquivel and CT1 5 3 60 8 60 15 3 8-12 - - -
Welsch, 2007 CT2 5 3 60 8 60 15 1 8-12 - - -
CT 25 1 0-40 7 - 25 3-5 10-30 - - -
Bachero-Mena et al., 2020
RT 25 2 40-55 4 - 50 2-3 4-6 - - -
CT 8 3 - 8-10 45-60 24 2-3 - 30 300 30
Beqa et al., 2020
CG 8
CT1 (no pause) 10 3 75-85 6 30 3 6-10 60
thZ (1 sec rest 10 3 75-85 6 30 3 6-10 60
Byrd et al. 1988 etween reps)
§T3 (2 sec rest 10 3 75-85 6 30 3 6-10 60
etween reps)
CG 10
CT 12 3 60 - 35 36 3 15 - - -
Camargo et al., 2008
CG 12
CT 12 2 - 6 30 24 4 - 30-40 120 20-30
Chtara et al., 2005
CG 12 - - - - - - - - - -
CT 12 2 - 6 30 24 4 - 30-40 120 20-30
Chtara et al., 2008
CG 12 - - - - - - - - - -
CT 14 3 67-80 69 60 42 2-4 8-12 - - 20-30

Dorgo et al., 2009
Manual CT 14 3 67-80 6-9 60 42 2-4 8-12 - - 20-30
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Table 1. Cont.

Duration Frequency Intensity (% Exercises Sesmf)n Total Bouts/Sets Repetitions Work Time Rest Rest
Study Group (Weeks) (Days x RM or ) Duration Session (1) ) ) Each between between
Week) Other) n (min) 1 " " Exercise (s) Sets (s) Exercise (s)
CT 8 3 5-8 RPE 8 45-60 24 3 15 - 60-120 0-30
Garnacho-Castafio : ~
etal,, 2018 CT instability 8 3 5-8 RPE 8 45-60 24 3 15 - 60-120 0-30
CG 8
CT 20 3 50 10 45 60 2 10-20 - - 20-30
Gettman et al., 1978
CG 20
Gettman et al., 1979 CT 8 3 50-90 8 24 24 2 10-15 - - 30
CT 20 3 50 9 25 60 2 12 30
Gettman et al., 1980 CT isokinetic 20 3 60°/s 10 29 60 2 12 30
CG 20
CT 12 3 40 10 22,5 36 3 12-20 30 - 15
Gettman et al., 1982
CG 12
Getty et al., 2018 CT 4 3 - 6 - - 3 - - - -
CT1 9 3 60 9 27 27 3 - 20 80 20
Haennel et al., 1989 CT2 9 3 50 9 27 27 3 - 20 80 20
CG 9
CT 10 3 40-60 10 - 30 1-3 12-20 20-30 - 10-30
Harber et al., 2004
CG 10
CT1 4 4 40 9 50-55 16 3 8-11 30 120 30
Hedayati et al., 2012 CT2 4 4 80 9 50-55 16 3 8-11 30 120 30
CG 4
CT 12 2 b83‘85 a?“i 6 24 2 6-16 180 180
Hermassi et al., 2019 ody weight
CG 12
CT 10 2 60-80 8 20 2-3 8-12 180 180
Hermassi et al., 2020
CG 10
CT 12 3 70-807% 1HR 10 40 36 3 - 40 - 20
Kaikkonen et al., 2000 pea
CG 12
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Table 1. Cont.
Duration Frequency Intensity (% Exercises Sesmf)n Total Bouts/Sets Repetitions Work Time Rest Rest
Study Group (Weeks) (Days x RM or ) Duration Session (1) ) ) Each between between
Week) Other) n (min) 1 " " Exercise (s) Sets (s) Exercise (s)
Martinez-Guardado et al., CT 7 2 85 6 60 14 3 6 25 300 35
2019
CT 7 3 10 RPE 8 45-65 21 3 15 - 60-120 0-30
Maté-Mufioz et al., 2014 CT instability 7 3 10 RPE 8 45-65 21 3 15 - 60-120 0-30
CG 7
Messier and Dill, 1985 CT 10 3 67-80/<65 12 20 30 - 8-12 - - -
Moghadasi and Domieh, CT 8 3 65-80 8 50-60 24 2-4 8-12 - 120-180 60-90
2014 CG 8
Moghadasi and CT 12 3 65-80 8 50-60 36 2-4 8-12 - 120-180 30
Siavashpour, 2013 CcG 12
CT 10 3 65-80 7 - 30 3 8-12 - 120 ratio 1:3
Monteiro et al., 2008
CG 10
CT 12 3 - 10 - 30 2-3 - 30 300 60
Ibrahim et al., 2018
CG 12
CT 12 3 Elastic bands 10 36 3 10-20 ratio 1:2 300
Ibrahim et al. 2018b
rahim et al. 2018 G 1
CT 4 3 ;3{_80 /li 6 60 12
Jackson et al. 2017 pea
CG 4
CT 10 3 40-60 9 50 30 3 12-20 - - 20-60
Jeong et al., 2019
CG 10
CT 5 4 60% VO,max 6 20 2-3 20-24 20 240 20-60
Petersen et al., 1988
CG 5 3
CT 6 35 10 21 2-3 - 20 240 20-60
Petersen et al., 1989
CG 6 3 - 21 - - - - -
CT 8 3 45-60 6-8 24 3 12-15 - 180 20
Rahmani-Nia et al., 2011 G S
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Table 1. Cont.
Duration Frequency Intensity (% Exercises Sesmf)n Total Bouts/Sets Repetitions Work Time Rest Rest
Study Group (Weeks) (Days x RM or ) Duration Session (1) ) ) Each between between
Week) Other) n (min) 1 " " Exercise (s) Sets (s) Exercise (s)
Ramos-Campo et al., 2018 CT 7 2 85 6 60 14 3 6 25 300 35
CT1 8 3 - 12 7 24 1 - 30 - 10
Schmidt et al., 2016 CT2 8 3 - 12 14 24 2 - 30 - 10
CG 8
CT 4 14 6 56
Sperlich et al., 2018
CT 4 28 6 112
30-40% body
CT 28 1-2 weight or 13 1-5 5-30
Strelnikowa et al., 2019 body weight
CG 28
Taipale et al. 2013 CT 8 1-2 8 ratio 1:3-1:5
CT 8 1-2 8 14 ratio 1:3-1:5
Taipale et al. 2014
CT 8 1-2 8 14 ratio 1:3-1:5
CT 12 3 - 10 15 36 3 - 30 0 0
Takahata, 2018
CG 12 - - - - - - - - - -
CT 10 3 75 8 30 3 15 10 40-60
Taskin, 2009
CG 10 3 8 - - - - -
CT 10 3 40-55 10 22,5 30 3 - 30 15
Wilmore et al., 1978
CG 10

CG = control group, CT = resistance circuit-based training.
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3.3. Quality of Studies: Publication Bias

In addjition, visual inspection on body composition and endurance outcomes showed
an absence of non-significant asymmetry. However, the funnel plots and the Egger test
showed a significant asymmetry for the strength outcomes (Supplemental Table 52), except
for the CM]J. The publication bias analysis was conducted on the variables included in
the subgroup analysis. Supplemental Figure S1 shows the methodological quality of the
selected studies assessed with the Cochrane risk-of-bias tool.

3.4. Meta-Analysis
3.4.1. Effect of CT on Body Composition

Table 2 shows the effects of CT on body composition variables. The CT evoked a
significant decrease on fat mass (kg and %: n = 395, MD = —0.70%, p < 0.001, 12 = 0%;
n =123, MD = —1.04 kg, p = 0.004, I?> = 0%, respectively) and a significant increase on
muscle mass after training (n =181, MD =1.18 kg, p < 0.001, 2= 0%). In addition, significant
differences were observed in favor of the CT group when compared to the CG (Figure 2) in
fat mass (% and kg) and muscle mass (kg). However, no change in weight was observed.

Table 2. Effect of resistance circuit training and endurance training on body composition outcomes.

) n Random IV, IC 95% Test Overall Effects Heterogeneity
n Studies

Participants Effects Z(p) Tau? Chi® p I?

Weight (kg)-MD
CG 24 287 —0.08 [-0.86, 0.70] 0.20 (0.840) 0.000 2.17  1.000 0%
CT 34 456 0.06 [-0.59, 0.72] 0.19 (0.850) 0.000 746  1.000 0%

Fat Mass (%)-MD
CG 22 258 0.02 [-0.45, 0.48] 0.07 (0.950) 0.000 3.43  1.000 0%
CT 29 395 —0.70 [-0.98, —0.43] 5.03 (<0.001) 0.000 23.60 0.700 0%

Fat Mass (kg)-MD
CG 6 53 —0.30[—-1.00, 0.41] 0.82 (0.410) 0.000 0.58  0.990 0%
CT 10 123 —1.04 [-1.75, —0.33] 2.87 (0.004) 0.000 0.95 1.000 0%

Muscle Mass (kg)-SMD

CG 10 108 —0.05[-0.31, 0.22] 0.34 (0.740) 0.000 0.37  1.000 0%
CT 14 181 0.28[0.07, 0.49] 2.63 (0.008) 0.000 5.53  0.960 0%

CG = control Group, CT = resistance circuit training, MD = mean differences, SMD = standardized mean difference, IV = inverse variance
method, CI = confidence interval.

CcT CG Mean Difference Mean Difference
Body mass (kg) Mean  SD Total Mean _ SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Begaetal, 2020 -4.13  9.25 19 -0.83 105 18 2.8% -3.20 [[9.69, 2.09] —
Camargo etal., 2008 -0.5 13.93 7 06 1562 7 0.5% -1.10[-16.60, 14.40)]
Chtara et al,, 2008 0.9 424 9 1.2 424 g 7.5% -0.30 [-4.22, 3.62] T
Garnacho-Castafio etal., 2018_a 0.1 14.57 14 0.2 1457 16 1.1% -0.10[-10.55, 10.25] B e —
Garnacho-Castarfio etal, 2018_b  _inestability 0.4 15896 14 0.2 1457 16 1.0% 0.20[-10.80,11.20] I
Gettman etal, 1978 0.5 193 1 0.6 21 14 0.5% -0.10[-15.95, 15.75]
Geftmanetal,1982_  _Men -1.1 11.76 14 1.8 134 14 1.3% 0.80[8.54,10.14] e —
Gettman etal,, 1982_ _Women 0.1 27.43 12 -0.4 2547 12 0.3% 0.50 [-20.68, 21.68]
Harber etal, 2004 0.2 1016 ] 0.4 16.68 4 0.4% -0.20[-18.00,17.60]
Hedayati etal., 2012_a 0.7 9.4 g 03 382 ] 2.6% 0.40 [-6.29, 7.09] s e—
Hedayati et al., 2012_b -0.2 r.e 10 n3 382 g 4.3% -0.50 [-5.68, 4.68)] T
Hermassietal, 2019 -1.6 18.72 10 -3 2181 a 0.3% 1.40[-16.98,19.78]
Hermassi etal.,, 2019b -3.4 10.39 12 0 11.75 10 1.3% -3.40[12.76, 5.96] —
Ibrahirm et al. 2018 0.3 14.07 12 0.4 1478 10 0.8% -0.10[-12.24,12.04] . R
Jackson etal. 2017 0.52 8.49 10 0.88 14.05 10 1.1% -0.35[10.52,9.82] B
Jeong etal, 2019 - -0.4  7.35 12 -0.2  B6.79 13 3.7% -0.20 [-5.76, 5.36) T
Moghadasi and Domieh, 2014 0.4 18.57 9 014 1283 10 0.6% 0.26[14.25, 14.77]
Moghadasi and Siavashpour, 2013 -0.2  15.7 9 -0.2  9.45 10 0.8% 0.00[-11.81,11.81) —
Petersen etal.,, 1988 0.2 188 16 -0.5 276 11 321% 0.70 [-1.20, 2.60] -
Schmidtetal, 2016_a _Men -0.1 11.6 15 1.2 10.04 15 1.9% -1.40 [9.16, 6.26) —_—T
Schmidtetal., 2016_a _Women 0 1479 17 0 998 21 1.7% 0.00[28.22,8.22) e
Schmidtetal, 2016_b _Men o 11.46 13 1.3 10.04 15 1.8% -1.30 [9.34,6.74) R
Schmidtetal, 2016_b Women 1 9.62 15 0 998 21 2.8% 1.00 [-5.47, 7.47] e p—
Takahata, 2018 0 1003 22 -0.1 9.81 19 3.1% 0.10[-5.98,6.18] I —
Taskin, 2009 -3.07 18.27 16 -012 7.39 16 1.7% -2.95[11.26, 5.26] I
Wilmore etal., 1878_  _Men 0.7 39 16 0 353 10 13.7% 0.70 [-2.20, 3.60) ——
Wilmore etal., 1978_ _Women 0.1 5.02 13 -0.4 3.32 11 10.2% 0.50 [-2.86, 3.86] -
Total (95% Cl) 344 337 100.0% 0.13[-0.94, 1.21) L ]
Heterogeneity: Tau®= 0.00; Chi®= 3.26, df= 26 (P = 1.00); F= 0% _250 ) 10 250
Testfor overall effect: Z= 0.24 (P = 0.81) Favours [CG] Favours [CT]

Figure 2. Cont.
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CT CG Mean Difference Mean Difference

Fat mass (%) Mean _SD Total Mean _ SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Alcarazetal., 2011 1.5 673 15 -04 877 7 07% -1.10[-5.44,6.24] —
Bega etal, 2020 -503 727 18 006 851 18 14% -508[1020,0032] —
Camargo et al, 2008 13 B4 7 07 424 7 12% -200[-769, 369 —
Chtara et al, 2008 13 318 9 0 594 8 20% -130[570,310] —t
Geftrnan etal., 1978 1.7 9.41 11 1 609 14 09% -270[9.11,3.71] —
Geftrnan etal, 1982_a _Men -31 517 14 1 735 14 1.7%  -210[6.81,2.61] —r
Geftnan etal, 1982_a _Women 28 806 12 14 9.4 12 08% -3.90[10.91,3.11] —
Harber et al,, 2004 1.6 518 2 -05 45 4 12% -1.10[6.79,4.59] —
Hedayati etal, 2012_a 08 312 3 02 208 8 61% -100[-349,1.49] -t
Hedayati etal, 2012_b 0 326 10 02 206 8  B2% -0.20[-267,227] -
Hermassi etal, 2019 -22 563 10 -13 533 8  16% -090[583, 403 —
Hermassi et al, 2019b 05 06 12 0 234 10 171%  -0.50[-1.99, 0.99] -
lbrahirm etal. 2018 1 954 12 1.2 1033 10 05% -0.20[8.57,8.17] e
Jackson etal. 2017 -1.21 831 10 -0 611 10 0.9%  -1.11[7.50,5.28] —
Moghadasi and Domieh, 2014 0.2 872 9 004 724 10 10% -0.16[6.44,6.132] —
Moghadasi and Siavashpour, 2013 -24 84 g 09 644 10 08% -3.30[-10.08, 3.49] —
Rahmani-Nia etal., 2011 -035 287 20 001 205 20 159% -036[1.91,1.19 -
Schmidtetal, 2016_a _Men -05 585 15 03 565 15 22%  -0.80[4095 335 —
Schmidtetal, 2016_a  _VWomen 05 48 17 03 419 21 44% 0.20[-2.74,314] -T-
Schmidtetal, 2016_b  _Men -0.3 537 132 032 585 15 23%  -0.60[4.69,32.49] -
Schmidtetal, 2016_b  _\Women 07 48 15 03 419 21 42% 0.40[2.62,3.42] -
Takahata, 2018 06 B77 22 1 BS54 18 23%  -0.40[4.48, 269 -1
wilmore etal, 1878_  _Men 15 178 16 -05 18 10 176%  -1.00[-247, 047] =
Wilmore etal, 1978_  _Women -18 281 13 -01 283 11 72% -1.70[-4.00,060] —
Total (95% CI) 307 292 100.0% -0.82[-1.43,-0.20] [
Heterogeneity: Tau®= 0.00; Chi*= 7.29, df= 23 (P = 1.00); F= 0% e & 9 o
Test for overall effect: Z= 2.60 (F = 0.008) Favours [CT] Favours [CG]

cT cG Mean Difference Mean Difference
Fat mass (kg) Mean SD Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% CI
Alcaraz etal, 2011 11 1012 15 814 04 7 109% -924[1437,-411] -
Camargo etal., 2008 1.2 7.82 7 64 07 7 91% -7B0[13.42,-1.79)] —
Gettman etal, 1978 -1.3 1168 11 8.63 1 14 7.0% -8.93[16.85,-3.01] i
Harber et al,, 2004 17 554 2 41 06 4 152% -580[968,-192) -
Wilmore etal,, 1978_  _Men -1.1 1.84 16 1.42 0.4 10 30.8% -2.52[-3.46,-1.58] -
Wilmore etal,1978_  _Women -1.2 311 13 234 0.2 11 26.9% -3.54 [-5.23,-1.85] L
Total (95% CI) 70 53 100.0% -5.01[-7.08,-2.94] ()
Heterogeneity: Tau®= 3.38; Chi*= 15.06, df= 5 (P = 0.01); "= 67% k + + d
Test for averall effect Z= 4.75 (P < 0.00001) . 'Fﬁanvoms cn UFEVOWS [C;jg] 100

CcT cG Mean Difference Mean Difference
Muscle mass (kg) Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alcarazet al, 2011 1.5 6.94 15 03 7 7 3.3% 1.20 [-5.07, 7.47] ~
Carargo etal., 2008 06 849 7 -0 849 7 16% 0.70 [-2.19, 8.59]
Gettman etal, 1978 18 821 11 -0.4 1399 14 1.7% 2.20[-6.59, 10.99]
Gettman etal, 1982_  _Men 1.8 871 14 -0.2 11.22 14 2.3% 2.00 [-5.48, 8.48] —
Gettman etal, 1982_  _Women 18 1378 12 0 1145 12 13% 1890[-824,1204]
Harber et al., 2004 1.9 481 2 06 12392 4 07% 1.30[12.75,15.35]
Jackson etal 2017 107 532 10 06 873 10 32% 0.47 [-5.87, 6.81] _—
Takahata, 2018 0.3 416 22 -0.5 429 19 19.3% 0.80 [-1.80, 3.40] T
wilmore et al, 1978_  _Men 17 284 16 -02 361 10 18.8% 1.80 [0.73, 4.53] T
wilmore etal, 1978_  _Women 13 234 13 -02 178 11 478% 1.50[-0.15,3.15] HE—
Total (95% CI) 128 108 100.0% 1.41 [0.27, 2.55] >
Heterogeneity: Tau®= 0.00; Chi*= 0.53, df=9 (P =1.00); F=0% 320 -1=D ) 150 2&
Testfor overall effect: Z=2 42 (P= 0.02) Favours [CG] Favours [CT]

Figure 2. Results of a random effects meta-analysis for resistance circuit training (CT) compared to control group (CG),

shown as mean difference and standardized mean difference with 95% CIs on body composition.

3.4.2. Effect of CT on Endurance Outcomes

The overall effects on VO,max (MD: 2.93; IC: 1.97, 3.90), MAS/MAP (MD: 0.35; IC: 0.02,
0.67) and aerobic performance (SMD: 0.65; IC: 0.09, 1.20) showed a significant improvement
after CT (Table 3). Additionally, significant differences were found in favor of the CT when
compared to the CG on VOymax (Z = 7.53; p < 0.001) and aerobic performance (Z = 4.71;
p < 0.001) (Figure 3).

Table 3. Effect of resistance circuit training and endurance training on endurance outcomes.

. n Random IV, IC 95%  Test Overall Effects Heterogeneity
n Studies
Participants Effects Z(p) Tau? Chi? p I?
VO;max (mL/kg/min)-MD
CG 16 234 0.03 [-0.55, 0.61] 0.11 (0.91) 0.000 13.88 0.530 0%
CT 28 367 2.93[1.97, 3.90] 5.98 (<0.001) 4.010 114.31 <0.001  76%
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Table 3. Cont.
) n Random IV, IC 95%  Test Overall Effects Heterogeneity
n Studies
Participants Effects Z(p) Tau? Chi? 4 I
MAS/MAP-MD
CG 1 9 0.04 [-0.67, 0.75] 0.11 (0.91) N/A N/A N/A N/A
CT 5 45 0.35[0.02, 0.67] 2.07 (0.04) 0.000 3.73 0.440 0%
Aerobic Performance-SMD
CG 5 64 —0.11[—0.46, 0.24] 0.63 (0.53) 0.000 3.07 0.690 0%
CT 10 128 0.65[0.09, 1.20] 2.27 (0.02) 0.620 39.82 <0.001  77%
VT2-SMD

CG 3 32 —0.01 [-0.50, 0.48] 0.05 (0.96) 0.000 0.01 0.990 0%
CT 5 57 0.20 [-0.29, 0.69] 0.79 (0.43) 0.120 6.63 0.160  40%

CG = control group, CT = resistance circuit training, MD = mean differences, SMD = standardized mean difference, IV = inverse variance
method, CI = confidence interval, VT2 = second ventilatory threshold, MAS-MAP = maximum aerobic speed/power.

cT CG Mean Difference Mean Difference
VO.max Mean  SD Total Mean _ SD Total Weight IV, Random,395% Cl IV, Random, 95% CI
Allen etal., 1976 -0.4 865 33 -1 706 33 4.2% 0.60[3.21,4.41)
Ambrozyetal, 2017 631 915 20 5863 1022 20 1.7% 0.68 [-5.33, 6.69)] E—
Carmargo et al,, 2008 47 447 7 -08 283 7 3.9% 5.50[1.58,9.42] e
Chtara et al., 2005 292 B35 9 -014 79 9 1.4% 3.06 [-3.56, 9.68) —
Geftman etal, 1978 14 BB5 11 -1.2 517 14 27% 260217, 7.37) —
Geftman etal., 1980_a 26 758 13 0.1 102 5 0.7% 250[7.34,12.34]
Gettman etal, 1880_h _|sokinetic 21 438 11 01 102 5 0.7% 200[7.31,11.31]
Geftman etal,, 1982_a _Men 48 691 14 0.7 527 14 3.0% 4.10[-0.45, 8.65] 1
Geftmanetal, 1982_a _Women 44 566 12 -01 693 12 2.4% 4,50 [-0.586, 9.56) 1
Haenneletal, 1989_a 37 24 8 -1 29 8 8.2% 4.70[2.08,7.31] —
Haennel etal., 1989_h 38 255 8 -1 29 8 7.8% 4.90(2.22,7.58] —
Kaikkonen et al., 2000 38 716 27 1.3 7893 27 3.7% 2.50[-1.53,6.53) I —
Moghadasi and Domieh, 2014 47 403 9 -007 573 10 31% 4771[0.35,919]
Petersen etal., 1989 41 172 8 -1 255 8 11.4% 510([2.97,7.23] I
Schmidtetal, 2016_a _Men -08 1039 15 05 103 15 1.2% -1.30[-8.70,6.10]
Schmidtetal, 2016_a _Women 26 B.37 17 0.6 496 21 4.4% 2.00[1.70,5.70) I e
Schmidtetal, 2016_b _Men 22 8953 13 05 103 15 1.2% 1.70 [-5.65, 9.05)
Schmidtetal, 2016_h _Women 31 439 15 06 496 21 6.1% 250057, 5.57] T
Wilmore etal, 1978_a _Men -0.2 1.69 16 -05 297 10 12.5% 0.30[-1.72,2.32) -
Wilmore etal, 1978_a _Wamen 38 184 13 08 184 11 19.6% 3.00[1.52,4.48] ——
Total (95% CI) 279 273 100.0% 3.09 [2.29, 3.90] L 2
Heterogeneity, Tau®= 0.30; Chi*= 20.89, df=19 (P = 0.34); I*= 9% _1?0 55 3 é 130
Test for overall effect: Z=7.53 (P < 0.00001) Favours [CG] Favours [CT]
cT CcG Std. Mean Difference Std. Mean Difference
Aerobic performance Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chtara et al., 2005 4578 80.25 9 -633 71.79 9 128% 0.65 [-0.30,1.61] ™
Gettman etal.,, 1978 43 87.2 " -18 4387 14 16.8% 0.89[0.06,1.72) =
Gettman etal,, 1980_a 90 286.43 13 12 272.06 5 109% 0.26 [-0.78,1.29] 1T
Gettman etal, 1980_b _lsokinetic 126 22208 " 12 272.06 5 102% 0.45[-0.62,1.53] T
Gettman etal,, 1982_a _Men 18 8207 14 -1 101.06 14 17.3% 1.26[0.43, 2.08] —
Gettman etal, 1982_a _Women 59 88.09 12 20 728 12 17.7% 0.47 [-0.35,1.28) T
Wilmore etal, 1978_a _Men 238 1747 16 -42 1888 10 14.2% 1.51 [0.60, 2.41] I
Total (95% CI) 86 69 100.0% 0.82[0.48,1.16] ¢
Heterogeneity: Tau®= 0.00; Chi*= 574, df = 6 (P = 0.45); F= 0% VR T
Test for overall effect: Z=4.71 (P < 0.00001) Favours [CG] Favours [CT]
CcT CG Std. Mean Difference Std. Mean Difference
Anaerobic threshold Mean  SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Camargo et al,, 2008 25 423 7 -01 207 7 16.8% 0.73[0.36,1.83]
Chtara etal,, 2005 325 433 9 004 548 9 21.0% 062 [-0.33,1.57)
Garnacho-Castafio etal,, 2018_a -02 08 14 0 043 16 31.0% -0.31 [-1.03,0.41]
Garnacho-Castario etal, 2018_b  _inestahility -01 07 14 0 0.43 16 31.2% -0.17 [[0.89, 0.55]
Total (95% Cl) 44 48 100.0% 0.10 [-0.39, 0.60]

Heterogeneity. Tau®= 0.07, Chi*= 4.16, df= 3 (P = 0.24), F= 28%

Testfor overall effect: Z= 0.41 (P = 0.68)

I I I

VA IR
Favours [CG] Favours [CT]

Figure 3. Forest plot showing the results of a random effects meta-analysis for resistance circuit training (CT) compared to

control group (CG) on aerobic performance.
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3.4.3. Effect of CT on Strength Outcomes

Table 4 provides the effects of CT on strength outcomes. CT training led to an increase
in upper-limb strength (SMD; bench press: 1.16, front pull down: 1.29, elbow flexion: 1.60,
handgrip: 0.30) after training. In addition, increases in strength of lower-limb exercise after
CT were observed (SMD; leg press: 1.83, leg extension: 1.28, half-squat: 1.20, CM]J: 1.06).
Likewise, significant differences were observed in bench press, front pull down, elbow
flexion (Figure 4), and lower limbs in leg press, leg extension, half-squat, and CM] (Figure 5)
when compared to CG, in favor of CT group.

Table 4. Effect of circuit resistance training and endurance training on strength outcomes.

. n Random IV,IC95%  Test Overall Effects Heterogeneity
n Studies
Participants Effects Z(p) Tau? Chi? p ?
Upper Limbs
Bench Press-SMD
CG 17 186 0.11[-0.09, 0.31] 1.05 (0.290) 0.000 5.15 0.990 0%
CT 27 404 1.16 [0.84, 1.47] 7.21 (0.001) 0.480 102.25 <0.001 75%
Front Pull Down-MD
CG 4 50 —0.30 [—-3.21, 2.60] 0.21 (0.840) 0.000 0.07 0.990 0%
CT 5 61 11.61 [8.83, 14.39] 8.20 (0.001) 0.000 0.78 0.940 0%
Elbow Flexion-MD
CG 5 54 —0.41[—1.44, 0.62] 0.79 (0.430) 0.000 0.64 0.960 0%
CT 9 121 5.00 [3.09, 6.92] 5.11 (0.001) 6.970 63.86 <0.001 87%
Hand Grip-MD
CG 2 36 1.40 [—1.46, 4.25] 0.96 (0.340) 0.000 0.23 0.630 0%
CT 6 95 2.15[0.01, 4.28] 1.97 (0.050) 0.000 2.48 0.780 0%
Lower Limbs
Leg Press-SMD
CG 6 61 0.25[-0.11, 0.61] 1.34 (0.180) 0.000 4.87 0.430 0%
CT 9 177 1.83[1.15,2.52] 5.25 (0.001) 0.790 34.90 <0.001 77%
Leg Extension-SMD
CG 11 125 0.08 [-0.17, 0.33] 0.65 (0.510) 0.000 421 0.940 0%
CT 17 201 1.28[0.83, 1.74] 5.51 (<0.001) 0.650 62.280 <0.001 74%
Half-Squat-SMD
CG 7 73 0.02 [-0.31, 0.34] 0.11 (0.910) 0.000 1.80 0.940 0%
CT 11 190 1.20[0.72, 1.67] 4.95 (0.001) 0.430 38.70 <0.001 74%
CMJ-MD
CG 5 63 0.43 [-0.16, 1.01] 1.42 (0.150) 0.000 1.85 0.760 0%
CT 11 118 3.58 [2.69, 4.47] 7.87 (0.001) 0.430 12.80 0.240 22%

CG = control group, CT = resistance circuit training, MD = mean differences, SMD = standardized mean difference, IV = inverse variance

method, CI = confidence interval.
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RCT CG Std. Mean Difference Std. Mean Difference
Bench Press Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alcaraz et al., 2011 192 276 15 -14 243 7 4T% 0.74 [-0.19, 1.67] —
Byrd et al. 1988_a 17 169 20 13 143 10 54% 0.99[0.19, 1.80] —
Byrd et al. 1988_b 187 134 10 13 143 10 45% 1.20[0.23, 2.17) —_—
Byrd et al. 1988 ¢ 184 198 10 13 143 10 47% 0.95[0.01, 1.88] —
Camargo et al., 2008 6.1 159 7 -03 213 7 42% 0.32 [-0.74, 1.38] -T—
Garnacho-Castano et al., 2018_a 02 04 14 0 04 16  5.8% 0.49[-0.24, 1.22] I
Garnacho-Castario et al., 2018_b _inestability 02 03 14 0 04 16 58% 0.54 [-0.19, 1.28] N
Gettman et al., 1978 209 279 11 86 308 14 54% 0.40 [-0.40, 1.20] ™
Gettman et al., 1982 _Men 9 17 14 1191 14 57% 0.43[-0.32, 1.18] I
Gettman et al., 1982 _Women 6 114 12 0 5 12 53% 0.66 [-0.17, 1.48] =
Harber et al., 2004 156 114 8 -29 404 4 34% 0.71 [-0.54, 1.96] T
Hermassi et al., 2019 151 151 10 2 158 9 47% 0.81[-0.14, 1.76] —
Hermassi et al., 2019b 192 88 12 15 75 10 38% 2.42[1.27,3.57] —_—
Maté-Mufioz et al., 2014_a 35 234 10 -07 272 12 52% 0.16 [-0.68, 1.00] -+
Maté-Mufioz et al., 2014_b_inestability 37 127 12 07 272 12 54% 0.20 [-0.60, 1.00] T
Moghadasi and Domieh, 2014 145 89 9 01 85 10 4.1% 1.58 [0.52, 2.65) —_—
Moghadasi and Siavashpour, 2013 261 88 9 02 87 10 31% 2.87[1.51, 4.24] —_—
Monteiro et al., 2009 8 71 10 03 53 10 46% 1.18[0.21, 2.14) —
Rahmani-Nia et al., 2011 93 67 20 1 66 20 6.1% 1.22[0.54, 1.90] -
Wilmore et al., 1978 _Men 118 115 16 179 10 52% 1.02[0.17, 1.86) —
Wilmore et al., 1978 _Women 14 43 13 15 23 11 32% 3.41[2.09, 4.74] I
Total (95% CI) 256 234 100.0% 0.96 [0.66, 1.25] ¢
Heterogeneity: Tau® = 0.25; Chi* = 44.48, df = 20 (P = 0.001); I = 55% T 5 5 4

Test for overall effect: Z = 6.35 (P < 0.00001)

Elbow Flexion

Mean SD Total

Mean Difference

Favours [CG]

Favours [RCT]

Mean Difference

Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Harber et al., 2004 13.6 6.72 8 -11 13865 4 1.0% 14.70 [0.54, 28.86]
Moghadasi and Domieh, 2014 6.6 3.46 9 -0.2 332 10 21.2% 6.80 [3.74, 9.86] -
Moghadasi and Siavashpour, 2013 66 3.4 9 -01 305 10 23.3% 6.70 [3.78, 9.62] -
Rahmani-Nia et al., 2011 64 58 20 0 873 20 13.1% 6.40[2.51, 10.29] —_
Wilmore et al., 1978 _Men 36 255 16 -1 29 10 414% 4.60[2.41,6.79] =
Total (95% CI) 62 54 100.0% 5.89 [4.48, 7.30] ¢
Heterogeneity: Tau? = 0.00; Chi® = 3.52, df = 4 (P = 0.47); I? = 0% _250 _110 5 110 250
Test for overall effect: Z = 8.20 (P < 0.00001) Favours [CG] Favours [RCT]
| Mean Difference Mean Difference
Front Pull Down Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Moghadasi and Domieh, 2014_aCT 12.8 12.69 9 -01 913 10 18.9% 12.90 [2.86, 22.94] —
Moghadasi and Siavashpour, 2013_aCT 12.8 12.54 9 -02 913 10 19.2%  13.00 [3.04, 22.96] —
Monteiro et al., 2009_aCT 121 6.55 10 -09 868 10 41.9% 13.00 [6.26, 19.74] —
Rahmani-Nia et al., 2011_aCT 9 1597 20 0.2 15.52 20 20.0% 8.80 [-0.96, 18.56] ol
Total (95% CI) 48 50 100.0% 12.14 [7.78, 16.50] <
Heterogeneity: Tau® = 0.00; Chi* = 0.56, df = 3 (P = 0.90); I = 0% t t } y
o -50 -25 0 25 50
Test for overall effect: Z = 5.45 (P < 0.00001) Favours [CG] Favours [RCT]
Mean Difference Mean Difference
Hand Grip Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Schmidt et al., 2016_aCT_Men 1.9 11.52 15 0.2 11.24 15 14.6% 1.70 [-6.45, 9.85]
Schmidt et al., 2016_aCT_Women 16 9.4 17 18 7.72 21 313% -0.20 [-5.76, 5.36]
Schmidt et al., 2016_bCT_Men 5 982 13 0.2 11.24 15 15.9% 4.80 [-3.00, 12.60]
Schmidt et al., 2016_bCT_Women 04 751 15 1.8 7.72 21 38.2% -1.40 [-6.43, 3.63]
Total (95% CI) 60 72 100.0% 0.41 [-2.70, 3.52]
Heterogeneity: Tau? = 0.00; Chi? = 1.86, df = 3 (P = 0.60); I? = 0% _240 _140 150 250

Test for overall effect: Z = 0.26 (P = 0.79)

Favours [CG] Favours [RCT]

Figure 4. Forest plot showing the results of a random effects meta-analysis for resistance circuit training (CT) compared to

control group (CG) on upper limbs exercise.
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RCT CcG Std. Mean Difference Std. Mean Difference
Leg Extension Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Byrd et al. 1988_a 108.2 8337 20 -21 73.08 10 8.4% 1.34 [0.50, 2.18] -
Byrd et al. 1988_b 255 338 10 -21 73.06 10 8.0% 0.46 [-0.43, 1.36] 1T
Byrd et al. 1988 ¢ 227 4271 10 -21 73.086 10 8.1% 0.40 [-0.49, 1.28] T
Gettman et al., 1978 1274 11277 11 594 10217 14 8.7% 0.62 [-0.20, 1.43] T
Gettman et al., 1982 _Men 31 4393 14 -10 76.91 14 9.1% 0.64 [-0.13, 1.40] e
Gettman et al., 1982 _Women 20 57.79 12 -2 41.23 12 8.7% 0.42 [-0.39, 1.23] T
Harber et al., 2004 60.8 1244 8 45 32.08 4 3.6% 2.55[0.82, 4.27] e —
Moghadasi and Domieh, 2014 18.7 13.09 9 -01 10.89 10 6.9% 1.50 [0.45, 2.55] I
Moghadasi and Siavashpour, 2013 104 12,95 9 02 15.09 10 7.7% 0.72 [-0.22, 1.65] T
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Figure 5. Forest plot showing the results of a random effects meta-analysis for resistance circuit training (CT) compared to

control group (CG) on lower limbs exercise.

3.5. Subgroup Analysis
3.5.1. Subgroup Analysis on Body Composition Outcomes

Fat mass: Supplemental Table S3 shows the effect of CT on fat mass according to the level
of training of the participants and the training characteristics. Fat mass decrease similarly
in trained (MD: —0.52; IC: — 0.86, — 0.18; p = 0.003) and untrained participants (MD: —1.22;
IC: — 1.80, — 0.65; 4.18). Concerning training characteristics, a greater effect on fat loss was
observed when training included 2 or 3 per week, with a total duration between 21-30 (MD:
—1.10, CI: —1.65, —0.55) sessions, using low or moderate intensity. Furthermore, sessions
which included 3 sets (MD: —0.84; CI: —1.23, —0.45) and >12 repetitions (MD: —1.00; CI:
—1.89, —0.10) with differences from 6-12 (x? = 3.64, p = 0.06) and a short rest between exercises
(10-30 MD: —1.10, —0.58; IC: —1.63) produced a greater effect in fat decrease.

Muscle mass: Only untrained participants (SMD: 0.30; IC: 0.04, 0.56) increased muscle
mass (Supplementary Table S3) performing CT. A greater effect was observed for the following;:
when training included 3 sessions per week (SMD: 0.34; CI: 0.11, 0.58), 21-30 sessions (MD:
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0.51; CI: 0.17, 0.85), at low intensity (SMD: 0.45; CI: 0.14, 0.77), 3 sets (MD: 0.33; CI: 0.09, 0.58),
and short rest between exercise (10-30 s, SMD: 0.44; CI. 0.14, 0.74).

3.5.2. Subgroup Analysis on Endurance Outcomes

VO,max: CT led to a significant increase in VO;max in men and women. In ad-
dition, VO,max increase in trained, active, and untrained participants. Regarding the
characteristics of the training, CT produced a significant greater effect on VO,max when
the program was carried out 3 days a week and had a duration of 21-30 to more than
30 sessions (maximum 112) using moderate or low intensity, and the CT included 2 or
3 sets, from 6-12 to more than 12 repetitions, and used short (10-30 s) or long (>60 s) rest
periods. However, no differences between subgroups were found in any of the participants
and training characteristics or in the training characteristics (Supplementary Table S5).

Aerobic performance: No interaction effect was observed on aerobic performance.
However, a significant improvement was only observed in studies involving active men
that performed 3 sessions per week using more than 30 sessions at low intensity and
including 2 sets and more than 12 repetitions and a short rest between exercises (10-30 s).
(Supplementary Table S4).

3.5.3. Subgroup Analysis on Strength Outcomes

Bench press: CT led to an increase in bench press strength in trained and untrained
participants (x> = 20.11, p < 0.001). In addition, all the characteristics analyzed led to a
significant increase after training (Supplementary Table S5).

Leg press: CT improved lower-limb strength (leg press) in men (SMD: 1.15; CI: 0.71,
1.59) and women (MD: 1.65; CI: 0.32, 2.98). In addition, greater significant increases were
observed in untrained participants (SMD: 1.74; IC: 1.13, 2.35). Moreover, a greater effect was
observed when training included 3 sessions per week (SMD; 1.53; IC: 1.05, 2.02; x% =14.12,
p < 0.001) and a total of 21-30 sessions (SMD; 1.83; IC: 1.16, 2.50; x% = 15.18, p < 0.001).
(Supplementary Table S5).

4. Discussion

This systematic review with meta-analysis aimed to assess the effect of CT on body
composition, cardiorespiratory fitness, and strength in healthy adults. A secondary objec-
tive was also to analyze which training characteristics and dosage had a greater effect in the
variables analyzed. The major finding indicates that CT had an overall significant and large
effect on body composition, reducing fat mass (average of 4.3%) and increasing muscle
mass (average of 1.9%). Additionally, CT significantly improves aerobic performance
(i.e., increase maximum aerobic speed and aerobic performance) and VO,max (average
6.3%), showing that this type of training increases cardiorespiratory fitness independent of
the training protocol used in the studies. In addition, the present meta-analysis showed that
CT had an overall significant and large effect on upper (bench press) and lower strength
(leg extension) performance (1-RM) (average of 20.0 and 23.0%, respectively). However,
only the magnitude of strength performance appears to be influenced by the training
(i.e., number of sessions and frequency) and population characteristics (i.e., training status).
Moreover, the magnitude of change of fat mass (%) is affected by the training intensity and
the rest between exercises.

The present results clearly show that CT by itself can elicit significant changes in body
composition, understood as fat loss and increasing muscle mass, especially in adult men.
With regard to fat mass, although most studies have shown significant reductions in body
fat with a frequency of training of 2-3 sessions per week, Chtara et al. [25] also showed a
decrease of 9.2% in body fat with only 2 sessions per week in active people. In addition,
Paoli et al., using similar training volumes and frequency for low-intensity circuit and high-
intensity circuit groups, found a greater decrease in body fat in the group that used high
intensity [70]. Nevertheless, our results have shown how 3 sessions per week, performed
at low or moderate intensities with a higher volume training (more repetitions and shorter
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rest time) may significantly improve the fat loss in subjects, with no change in the weight.
One possible explanation for these findings can be related to the lipolysis linked to low
intensity and high volume [71], because of the effect of the fat oxidation optimal range,
which has been shown to be reached at around 60% exercise intensity. In addition, these
results report an increase in muscle mass (not only muscle mass maintenance) because the
body mass was not modified. Hence, the effect of CT on weight could be influenced by the
increase of muscle mass and the decrease of fat mass, promoting body mass maintenance.
The main reason for this muscle growth may be associated with the intramuscular anabolic
signaling, the maximization of the response of muscle fiber recruitment, the time under
tension, and the metabolic stress [72] that resistance exercise (e.g., resistance circuit training)
promotes. Moreover, differences between untrained and trained subjects have been found
in several studies. Since untrained subjects have, among other things, more facility to
present changes in body composition, the range of improvement is usually much higher
compared to trained subjects, even after just a short period of training [73]. Apart from
the training characteristics, this may be due to the fact that, in untrained subjects, exercise
induces a larger increase in total energy expenditure than can be attributed to the energy
cost of a training program [74]. Therefore, if there is a greater expenditure of energy, the
loss of fat mass will be higher.

On the other hand, our meta-analysis extends the evidence that CT interventions are
effective for enhancing cardiorespiratory fitness, because there was an overall significant
and large pre—post effect of CT training on VO,max, MAS/MAP, and aerobic performance,
as well as between experimental and control groups. Improvements in VO,max are
influenced by maximal stroke volume, cardiac output, and peripheral factors (i.e., higher
capillarization, improvement in muscle buffering, or increases in activities of metabolic
enzymes) [75]. In this way, it has been reported previously that the main responses of the
cardiovascular system to resistance circuit training are a significant increase in VO,max,
with a concomitant improvement in maximal stroke volume and cardiac output [21].
On the other hand, to the best of our knowledge, the effect of CT on the aforementioned
peripheral factors have not yet been studied. However, it has been previously reported
that the combination of contractile activity, functional hyperemia, low O, tension, and
metabolic activity promotes an upregulation of angiogenic factors [76]. Additionally,
some previous endurance [77] or resistance training programs [78] found an increase
in muscle angiogenesis, showing an increase in vascular endothelial growth factor and
capillary-to-fiber ratio. Therefore, although CT is an effective training method to increase
cardiorespiratory fitness in healthy adults, little is known about whether it may increase the
relative contribution of peripheral factors (i.e., muscle perfusion, mitochondrial capacity,
or diffusion) to O, delivery and utilization. Thus, to provide a more complete review and
to truly determine the effect of CT, future studies should analyze these aforementioned
variables. Remarkably, our results have shown how the training and the population’s
characteristics did not influence the magnitude of change in cardiorespiratory fitness
variables. However, a statistical trend to obtain a greater effect on these variables was
observed in programs with a long duration (>20 sessions), using a frequency of 3 sessions
per week and performed at low or moderate intensities with a higher volume training
(more repetitions and shorter rest time).

With regard to strength variables, a significant pre—post increase in upper-limb
strength was found in bench press, front pull down, elbow flexion, and handgrip ex-
ercises, as well as lower-limb exercises (leg press, leg extension, half-squat, and CM]) after
training. In addition, significant differences were observed in both upper- and lower-limb
exercises when comparing the CG, in favor of the CT group. One of the main reasons for
the increase in strength in the CT group may be due to the significant increase in MM
found in the CT group. The increase in strength through structural factors, among which is
the increase in muscle mass, is a major pathway for the improvement of muscle strength.
The most important adaptations, such as an increase in the cross-sectional area of the
whole muscle and individual muscle fibers, is due to an increase in the size and number
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of myofibrils. Changes in fiber type, muscle architecture, and myofilament density are
morphological adaptations, but less important in terms of increasing MM [79].

The studies that led to improvements in upper- and lower-body strength used different
management of training variables (frequency of 1 to 3 sessions per week; intensities of 40
to 90% 1-RM; duration of 4 to 28 weeks; total number of sessions of 12 to 112; duration of
sessions of 7 to 78 min; number of exercises of 3 to 13; number of sets of 1 to 6; and number
of repetitions of 4 to 24). However, in the subgroup analysis, no differences were observed
in any of these subgroups in bench press strength, although differences between groups
were observed when subdividing by level of training in leg press performance, with greater
improvements in the group of untrained participants, as well as when using a frequency
of 3 times per week and 21-30 sessions in total. As previous research has concluded, the
level of training is a variable that influences adaptations to strength training [80,81]. In this
context, those with lower levels of strength may benefit more from CT with the goal of
improving strength [50], while those with greater levels of strength may need a more
specific stimulus [82]. However, some studies have concluded that CT and traditional
strength training may produce similar adaptations in resistance-trained men [11]. Other
variables, such as frequency, intensity, and volume, also modify the improvements in
muscle mass after strength training. Frequencies of 2 or 3 sessions per week [83] and
volumes of at least 10 weekly series per muscle group [84] appear to be adequate to
maximize gains in strength and hypertrophy. As for intensity, the literature indicates that,
in order to increase strength, high intensities are necessary. However, if the main objective
is to increase muscle mass, this can be achieved with both high and low intensities [85].

In this context, untrained individuals will be able to further increase their strength
and performance in certain exercises in the early stages of training through neural adapta-
tions (i.e., inter- and intra-muscular coordination, increased recruitment of motor units),
regardless of changes in body composition [86]. Even so, that interpretation should be
treated with caution since, while differences between groups by level of training have
been found in the leg press exercise, no such differences were observed in the bench press.
As mentioned above, there is some controversy in the literature about the consequences of
the interference effect on strength gains during training such as CT [87]. Therefore, more
research is required to compare traditional strength training and CT. Furthermore, research
analyzing the molecular basis and the signaling pathways could shed light on this topic,
and clarify the true impact of the interference effect.

We acknowledge several limitations of this meta-analysis, which are related in part
to the available studies included and the divergent methodologies employed, including
(i) the different intensities, volume, and CT characteristic procedures applied in the studies;
(ii) the small number of studies using high-intensity resistance circuit training to obtain a
more specific picture about the effect of this type of training on body composition, strength,
and cardiorespiratory fitness; (iii) the lack of longer studies to analyze the chronic effect of
CT (only six studies had a program duration of >12 weeks); and (iv) the lack of nutritional
and energy balance control of the included studies, which may affect the individuals’
results of body composition. In addition, we found that the available evidence has a high
risk of bias, primarily due to the low quality of available studies. Accordingly, to achieve a
more comprehensive picture, future studies should include a better quality of design and
analyze the effect of interventions of longer duration. Additionally, future studies should
identify the mechanism involved in the improvements in aerobic fitness, strength, and the
optimization of body composition after CT. In addition, to provide a more complete review
and to truly determine the effect of CT, future systematic reviews with meta-analyses that
compare CT with strength training are necessary. From a practical application point of view,
if coaches want to obtain greater effects on fat mass loss or VO,max improvements, the
program should include 3 sessions per week of CT performed at low or moderate intensity
and using a high number of repetitions (>20 repetitions) and short periods of rest time
(10-30 s), and with a long duration (>20 sessions). However, if the principal aim of the CT
program is to obtain greater effects on strength, the program appeared to produce higher
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gains in untrained participants who performed long duration programs (>20 sessions) with
a frequency of 3 sessions per week.

5. Conclusions

This systematic review with a meta-analysis concludes that resistance circuit-based
training does result in significant reduction in fat mass (average of 4.3%), and it greatly
increases muscle mass (average of 1.9%) and upper and lower strength (average 20.0 and
23.0%, respectively). Additionally, CT greatly improves cardiorespiratory fitness (i.e., VO,max
(average 6.3%), aerobic performance (average 2.6%), and maximum aerobic speed or power
(average 0.3%). On the other hand, only the magnitude of strength performance appears
to be influenced by the training (i.e., number of sessions and frequency) and population
characteristics (i.e., training status). Moreover, the magnitude of change of fat mass (%) is
affected by the training intensity and the rest between exercises. CT increases cardiorespiratory
fitness independent of the training characteristics and training population used in the studies.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/biology10050377/s1, Figure S1: Risk of Bias of the included studies; Table S1: Characteristics
of included studies in the meta-analysis. Table S2: Heterogeneity (Eger’s Test); Table S3: Subgroup
analysis of the effect of CT on body composition outcomes; Table S4: Subgroup analysis of the effect
of CT on cardiorespiratory fitness outcomes; Table S5: Subgroup analysis of the effect of CT on
strength outcomes.
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