
Abstract 

Benefits of exercise are known for a long time, but mechanisms
underlying the exercise mode recommendations for specific chronic
cardiovascular diseases remain unclear. The aim of this study was to
compare the effects of different circuit training protocols in order to
determine which is the best for weight loss and for specific over-
weight-related disorders. Forty-five female sedentary overweight
participants from 20 to 50 years (average 31.8±11.2) were enrolled
and assigned to three different groups; each group was compared
with a control normal-weight group. Three different circuit proto-
cols were randomly assigned to each overweight group: aerobic-
tone-aerobic (ATA), aerobic-circuit-aerobic (ACA) and mini-tram-
poline circuit (MTC), while control group performed a classic cir-
cuit weight training (CWT). Every group trained three times per
week, for 12 weeks. The results show that ATA group reduced body
fat and total body mass more than other groups (P<0.001; P=0.007).
ACA group reduced total body mass in significant statistical way
(P=0.032), as well as body fat (P<0.001) and low-density lipopro-
tein cholesterol (P=0.013). In MTC group there was a significant
reduction in every parameter we analyzed (total body mass, body fat
and lipid profile: P<0.001). CWT group has shown a significant loss

only in body fat (P<0.001). Every circuit protocol is optimal for
reducing body fat and total body mass: however, MTC protocol has
shown the best results on lipid profile. 

Introduction

Many of the biochemical and physiological adaptations that
follow physical activity occur in response to an increased energy
demand in muscle cells that can be modifies with intensity, dura-
tion of work and rest intervals.

The aforesaid adaptations, which are both cellular and sys-
temic, are specific to the type of training performed, for example,
endurance or strength; though, the reasons behind the recommen-
dations on how training programs can be used for specific health
benefits remain unclear.

In the past, many guidelines have focused on resistance train-
ing or aerobic training to facilitate weight loss or weight mainte-
nance, but recently it has been suggested that resistance training
can also be effective for reducing fat mass,1,2 although the litera-
ture in this regard is still rather hazy.

Some researchers have suggested that a circuit training com-
posed of endurance and resistance training it may be preferred to
one focused only on a single mode of exercise.3-5

Both resistance training and aerobic training are prescribed for
sedentary and obese subject, because they promote an improve-
ment of blood pressure and heart rate, body composition, bio-
chemical markers (insulin, glucose, cholesterol, etc.), as well as
strenght and aerobic capacity.6-8

A type of combinated-training is the circuit training (CT),
which includes both multi-joint resistance training and aerobic
exercise. The proportion of the two types of training is established
and bodyweight exercises or with small tools keep high heart rate.
The training session includes several stations where different exer-
cises are performed for a set time; after the appointed time the sta-
tion is changed as quickly as possible without rest period. 

As shown by Paoli and collegues, the effect of CT on various
physiological measurements is intensity-dependent: subjects who
performed a high intensity circuit training for 12 weeks had the
greatest reductions in body weight, percentage of body fat, waist
circumference, and blood lactate during a submaximal exercise
and a greater improvement than the low intensity circuit group.9

In the present study we compared four different CT protocols
and we evaluated the effects on several key physiological health
markers (like body fat mass and dyslipidemia) in overweight sub-
jects with the purpose of establishing which protocol is the best.

The estimated number of people with dyslipidemia is expected
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to reach 78 million in the most important countries by 2022.10

Hyperlipidemia is a leading cause of morbidity and mortality
worldwide and one of the major and modifiable risk factors for car-
diovascular disease investigated in this study.11

Materials and Methods

Forty-five female sedentary (exercising<1-2 times/wk) over-
weight [body mass index (BMI)>25] from 20 to 50 (mean
31.8±11.2) years old, who could have mild to moderate dyslipi-
demia (either total cholesterol>220 mg/dL, low-density lipoprotein
(LDL) cholesterol 130-190 mg/dL, HDL cholesterol<40 md/dL),
were enrolled in the study and were assigned to three different
groups (15 subjects each); each group was compared with a control
normal-weight group of 15 subjects (BMI<25).

The overweight groups were randomly assigned to one of three
different circuit protocols: aerobic-tone-aerobic (ATA), aerobic-
circuit-Aerobic (ACA) and mini-trampoline circuit (MTC), while
control group performed a classical circuit weight training (CWT).

Training protocols
The participants trained 3 times a week (with at least 1 day of

rest between session) and 60 minutes per session for 12 weeks
under the supervision of qualified sport scientists and researchers. 

To set up the intensity of aerobic training we have used the
maximum heart rate (HR) obtained during the maximal graded
test. Each session included a warm-up and cool-down period
involving 5 min of low-intensity and light stretching activities.

Each protocol corresponds to a training performed in circuit,
that is doing multiple sets of exercises using medium to high rep-
etitions, low intensity, without breaks, or with very short breaks
between exercises. The exercises with weights can be done using
free weights, strength machines, and calisthenics, and their execu-
tion is performed without any pause.

The advantages of circuit training were mainly due to a stim-
ulus on the improvement of strength, hypertrophy, muscular
endurance and aerobic capacity in a single training session, able to
generate the anaerobic and aerobic workout benefits, although in a
generally lower way when compared to conventional methods.

CWT it is a variation of the resistance training, performed in cir-
cuit. Intensity was maintained at 60% of HR max. Partecipants per-
formed 10 exercises for the main muscle groups, 2 sets of 15 reps.

ATA is a training method in which the aerobic (cardio) part is
mixed with the anaerobic (resistance training) part in the same ses-
sion, with the aim to emphasize weight loss compared to tradition-
al aerobic methods. Participants trained by alternating 10’ of
endurance on treadmill at 70% of HR max with training at 5-resis-
tance exercise stations (push ups; lateral shoulder raise; abdominal
crunches; squats; calf). 

ACA mixes the typical weight training exercises with the tra-
ditional aerobic cardiovascular workout, with the aim of producing
both improvements in terms of strength and muscle mass, and on
cardiovascular capacity. In this kind of protocol, the weight train-
ing exercises are alternated with 5 aerobic stations, called active
recovery (jumping rope, jumping jack, skip, mountain climbers,
jog on the spot); the duration of which varies from 30-60 seconds
to 2-3 minutes or more, with moderate intensity. 

MTC mixes aerobic and anaerobic exercises performed all on
a mini trampoline (122 cm diameter modified mini trampoline
designed by Jill Cooper). The exercise sequences stimulate alter-
nately upper and lower muscle groups: this technique is designed

to stimulate the cardiovascular engagement follows the redistribu-
tion of blood flow in muscle groups far from each other.

Experimental procedures
Weight was measured to the nearest 0.01 kg using an electronic

scale (BWB-800 Medical Scales; Tanita Corporation, Arlington
Heights, IL, USA), and height to the nearest 0.01 m using a
Harpenden portable stadiometer (Holtain Ltd, Crosswell, UK).

Body composition was assessed using bioelectrical impedance
analysis (BIA; Akern Bioresearch, Pontassieve, Italy), which is a
non-invasive and portable method for the estimation of fluid com-
partments, fat, and fat-free mass.

The maximal graded tests were performed on an electronically
braked cycle ergometer (type Monark), under the supervision of a
cardiologist, using a Polar heart rate monitor (Polar, Kemple,
Finland).

Venous blood samples were taken at rest, before starting the
fitness training programs and repeated at the end of them (after 12
weeks). 

Blood plasma was obtained through blood centrifugation
(1077 g x 5’) and it was used to determine lipid profile: total cho-
lesterol, high-density lipoprotein cholesterol (HDL) and triglyc-
erides (TG) were measured by an enzymatic colorimetric method
using a Modular D2400 (Hoffman-La Roche Ltd, Basel,
Switzerland). LDL-C fraction was calculated from Friedewald’s
formula: LDL-C=TC - HDL-C - (TG/5).

Results 

In every group we analyzed total body mass, body fat and lipid
profile and the results show that the ATA group reduced body fat and
and total body mass more than other groups (P<0.001 and 0.007,
respectively) (Table 1). The ACA reduced total body mass in signif-
icant statistical way (P=0.032), as well as body fat (P<0.001) and
LDL cholesterol (P=0.013). Concerning the MTC group, there was
a significant reduction in every parameter we analyzed (total body
mass, body fat and lipid profile: P<0.001). The CG (performed CWT
protocol) has shown a significant loss only in body fat (P<0.001). In
conclusion, it appears that all the circuit protocols are optimal exer-
cises for reducing body fat and total body mass: however, MTC pro-
tocol has shown the best results on lipid profile. 

Statistical analysis
Multivariate analysis of variance (MANOVA) on difference

measures was used to compare weight, BMI, and lipid profiles
across all groups. Whenever significant differences in values
occurred, multiple comparisons test (useful for determining where
significant differences occur between pairs of groups) was per-
formed using a post-hoc Tukey-Kramer test, considered the most
powerful method for all pairwise comparisons. Alpha significance
level was set at 5% (and was adjusted for multiple comparisons).
Statistica Software, ver. 8.0 was used for the analysis.

Discussion

Our study compared four different circuit training protocols,
trying to determine which can give better results in different situa-
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tions of increased cardiovascular risk and we can assert all of them,
with or without weights, with no breaks and low to moderate inten-
sity, repeated 3 times a week for 12 weeks had a high impact on
examined health markers. 

One of the main positive factors of a CT is the variety of exer-
cises, which have a quite short duration and are frequently
changed, that might be more appealing to a sedentary subject who
considers boring to workout.

Literature data are numerous, specifically those concerning the
female sex,12 which highlights the positive effects of both aerobic
training and strength training, in all ages and in particular condi-
tions such as premenopausal.

Concerning timing of intervention (12 weeks), in literature
were confirmed remarkable results, for kind of protocols that com-
pared aerobic workouts with anaerobic workouts, both for training
with moderate and progressive intensity.13 It supports the assump-
tion that 12-week-long exercise programme may be sufficient for
achieving beneficial effect as well as that this effect varies depend-
ing on the somatic built of the subject.

Conclusions

In our study, we noticed that minor effect changes occurred in
normal weight group; this can possibly be explained by the fact
that it has been administered a medium intensity protocol, and it
has recently been shown that the best results, especially in non-
obese subjects, are obtained with high intensity circuit protocols.14

Moreover, the only parameter that decreases in a statistically sig-
nificant way, that is body fat mass, oddly does not seem to go in parallel
with a statistically significant reduction in cholesterol and triglycerides.
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Table 1. Variables analyzed before and after three different circuit protocols and the control. 

Variables                                 ATA                                              ACA                                             CWT                                             MTC
                          Before          After          P          Before          After          P          Before          After          P          Before          After          P

BMI (kg/m2)          26.63±2.7       25.89±2.7       0.053        26.64±5.59         26±5.1        0.002*      25.08±4.25       24.92±3.9        0.43          26.29±4.1        25.02±3.9     0.000*
W (Kg)                   67.26±6.7        65.03±7.3      0.007*      72.81±17.0      71.22±15.8      0.032        70.90±16.6      69.97±15.6      0.087        70.90±11.0      67.45±10.2    0.000*
BFM (Kg)              24.24±5.1        21.40±5.9      0.000*      23.46±12.8      21.10±11.5     0.000*       19.34±5.0        17.16±5.2      0.001*      20.63±10.3      19.16±10.3    0.000*
BLM (Kg)             28.57±1.84      28.81±2.05      0.504         34.52±7.7        35.19±7.8       0.029        36.74±10.5       37.23±10       0.323         49.59±6.9        52.00±6.9     0.000*
CHOL (mg/dL)   168.14±32.2    169.28±29.7     0.865       171.42±38.9    162.21±34.5     0.178       179.25±28.9    171.33±28.3     0.245       228.65±23.5    191.15±19.5   0.000*
TG (mg/dL)          94.14±45.9      75.71±30.3      0.182        66.07±20.4      78.43±32.7      0.123       100.75±61.9     83.50±39.2      0.127       191.40±63.4    149.00±38.3   0.000*
HDL (mg/dL)        48.86±6.5        48.14±7.2       0.844        51.36±10.7      51.86±12.3      0.889        58.58±20.5      54.67±15.8      0.095        51.35±14.2      59.30±12.6    0.000*
LDL (mg/dL)      100.28±24.9    106.15±28.1     0.194       107.64±36.2     94.78±30.7      0.013       101.42±25.6    100.42±26.9     0.842       139.00±23.2     99.86±19.7    0.000*
GL (mg/dL)           91.71±9.8        95.14±5.9       0.291        87.64±10.3       85.07±9.1        0.25           90.0±7.3          90.5±9.2         0.75         130.5±24.2      106.2±18.4    0.000*
ATA, aerobic-tone-aerobic; ACA, aerobic-circuit-aerobic; CWT, circuit weight training; MTC, mini-trampoline circuit; BMI, body mass index; W, weight; BFM, body fat mass; BLM, body lean mass; CHOL, total choles-
terol; TG, triglycerides; HDL, high density lipoprotein cholesterol; LDL, low-density lipoprotein; GL, glucose. The significance levels of the differences observed between analyzed time-points were assigned using T-
test for Dependent samples (Statistica Software). *Differences statistically significant.
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