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ABSTRACT

Obesity and low cardiorespiratory fitness are major risk factors for numerous non-communicable diseases and mortal-
ity, and efficient treatment protocols to counteract these conditions are highly warranted. We evaluated the effect of high-
intensity circuit training (CIT) on body composition and cardiorespiratory fitness of sedentary overweight individuals.
Cardiorespiratory and body composition were assessed before and after a 8-week circuit training (CIT; four sessions of
full-body CIT per week; age, 38 + 9 years old; height, 174 + 10 cm,; body mass, 93.1 + 22.2 kg; n = 32), and 8-week inactiv-
ity (CON; neither training nor lifestyle changes from week; 0-8 age, 39 + 7 years old, height, 168 = 8 cm, body mass, 89.5
+ 17.5 kg, n = 33). The two-way repeated-measures ANOVA revealed moderate to large reductions were observed in body
mass, BMI, and fat percentage after CIT (d=0.43-0.81; P<0.05). In contrast, all body composition parameters remained
stable after 8-week inactivity (P<0.05). A small to moderate group x moment interaction was found for body mass, BMI
and % fat (d=0.10-0.60; P<0.05). Small improvements in VO, were observed after CIT (d=0.48 [0.11-0.85]; P=0.010),
while small to moderate reductions were observed in VO, and PV were observed after inactivity (d=0.47 [0.11-0.83] and
0.64 [0.26—-1.01], respectively; P<0.05). A small moment x group interaction was observed for VO, (d=0.19 [0.13-0.26];

P<0.001). Our findings suggest that 8-week of full-body circuit training may improve cardiorespiratory fitness and body
composition in sedentary overweight individuals.
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moderate intensity physical activity per week is sufficient
and effective to prevent weight gain®. Moreover, national
guidelines from public health institutions on physical activ-
ity, as well as the Committee on Exercise and Cardiac Re-
habilitation of the American Heart Association have previ-
ously endorsed and supported these recommendations for
healthy adults to improve and to maintain health’.

Introduction

Poor cardio-respiratory fitness and obesity are world-
wide concerning public health and predispose individuals
to develop type 2 diabetes, dyslipidaemia, hypertension,
pulmonary diseases, certain cancers, and cardiovascular
disease'. Also, physical inactivity elevates the risk for pre-
mature death and the incidence of unhealthy conditions,

which independently or in combination are well-established
risk factors for various chronic diseases or conditions®.

Extensive evidence showed that prolonged aerobic exer-
cise training performed as running, brisk walking, or bicy-
cling reduces the relative risk for developing several meta-
bolic diseases®®. In accordance, the World Health
Organization (WHO) and the American College of Sports
Medicine (ACSM) guidelines state that 150-t0-250 min
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A recent systematic review by Batrakoulis et al.® and
network meta-analysis including 81 randomized con-
trolled trials (RCT) encompassing five different exercise
training types in relation to cardiometabolic health in
obese individuals. The authors concluded that multicom-
ponent or complex training methods appears to be superi-
or in relation to cardiometabolic risk factors compared to
conventional aerobic training, as well as resistance train-

11



V. Rago and M. Mohr: High Intensity Training, Obesity and VO,

2max’

Coll. Antropol. 47 (2023) 1: 11-18

ing and high-intensity interval training alone, which may
question the precision of current guidelines for physical
activity for overweight and obese persons. These findings
are supported by other meta-analyses evaluating the ef-
fect of other multicomponent or hybrid training protocols
on cardiometabolic health parameters such as maximum
oxygen uptake (VO,_ ), body mass, fat percentage and
muscle mass®™. Thus, it is of interest to examine the ef-
fect of complex training modalities on cardiorespiratory
fitness and body composition in sedentary obese popula-
tion groups. For example, circuit training (CIT), which
normally involves whole-body training with (or without) a
large cardiovascular and metabolic loading, as well as
high energy expenditure and strength elements, which are
the main factors driving favourable adaptations in cardio-
respiratory fitness and body composition. This is further
supported by a recent systematic review and meta-analy-
sis based on 45 trial, which demonstrates beneficial effects
of circuit-based training on body composition and cardio-
respiratory fitness'”.

Thus, the objective of the present study was to test the
hypothesis that 8-week of regular whole-body CIT and
dietary advice generates clinically relevant beneficial ad-
aptations in body composition and cardiorespiratory fit-
ness in overweight adults.

Materials and Methods

Participants

Eighty sedentary overweight men (n=34) and women
(n=46) were recruited for the study (Table 1). The partic-
ipants were recruited via social media based a lifestyle,
age, and body mass index (BMI). The possibility to par-
ticipate was advertised on Facebook, and potential partic-
ipants could sign up and come to an information meeting.
The eighty participants were randomly and sex-specifical-
ly assigned to a CIT group and a control group (CON). The
study was approved by the ethical committee of the Faroe
Islands and conducted in accordance with the Declaration
of Helsinki (1964). After being informed verbally and in
writing of the experimental procedures and associated
risks, all participants gave their written consent to take
part in the study.

Experimental design

An RCT design was applied. After recruitment, 80 par-
ticipants were enrolled in the present study based on se-
lection criteria being a sedentary lifestyle for the last five
years, an age range of 25—55 years, and a BMI >25. Par-
ticipants with chronic diseases were excluded. The partic-
ipants were first randomized gender-specifically into CIT
(Mean + standard deviation, age 38 + 9 years old; height
174 + 10 cm; body mass = 93.1 £ 22.2 kg; n = 40), and CON
(age = 39 + 7 years old, height 168 + 8 cm, body mass =
89.5 + 17.5 kg; n = 40). The training group took part in
full-body high-intensity CIT with 2—4 training sessions
per week for 8 weeks, while CON had no training or life-
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style changes in the same period. Fifteen dropouts were
observed due to injuries (n = 4), low training attendance
(n =17), and lack of time (n = 4), which resulted in 32 and
33 participants in CIT (female aged 39 + 5 years old;
height 177 = 5 cm; baseline body mass, 95.7 + 18; male
aged 39 + 10 years old; height, 180 + 7 cm; baseline body
mass, 103.8+ 16.9 kg) and CON (female aged 38 + 8 years
old; height, 163 + 5; baseline body mass, 86.6 + 16 kg; male
aged 37 + 8 years old; height 166 + 7 cm; baseline body
mass 88.5 + 19.5 kg), respectively.

All subjects performed a VO, _ -test and body compo-
sition assessments at baseline, as well as after 8 weeks of
intervention treatment. The post-fitness tests were con-
ducted 48-72 hours after the last training session. The
training was continued until the last measurement was
obtained. The dietary intake was not controlled during the
training period and the testing periods were not timed in
relation to the menstrual cycle for women.

Training intervention and diet advice

The training was the “Burn-Classic” fitness concept
being basic CIT involving a large muscle mass and aerobic
training at high-intensity combined with recovery inter-
vals with low intensity activity. All exercises were large
muscle group exercises including jumps, pushing and pull-
ing drills, high-intensity shuttle runs and core exercises.
Exercise was conducted in an order, so the same muscle
group was not used in consecutive exercises. Every session
lasted 60 min (38—45 min of effective training) and con-
sisted of 30—60 s full-body strength-based exercises inter-
spersed by 15—20 s of passive recovery (changing exercise)
after training principles previously described. In the first
4-week training, the participants completed 30-s work
intervals, the following 4 weeks they completed 60-s work
intervals. A trained and certified fitness coach was pres-
ent during all training sessions in order to give technical
advice and control the intensity and duration of the train-
ing and to secure a safe training environment.

To describe the exercise responses to CIT, partici-
pants’ heart rate (HR) and rating of perceived exertion
(RPE) were collected in one sample session in the fifth
week. HR was measured continuously during the tests
using a Polar Vantage NV chest belt monitor weighing
~100 g (Polar Electro Oy, Kempele, Finland). Exercise
and peak HR were expressed as percentage of maximum
HR obtained in the incremental test, as previously de-
scribed". Individual RPE using the Borg’s category ratio
scale (CR10) after training sessions. The participants’
RPE was collected in isolation to avoid the potential ef-
fects of peer pressure 15—20 min after each training ses-
sion since the timing of collection has previously been
reported not to affect the RPE outcome'. This ensured
that the perceived effort reflected the whole session and
not the most recent exercise intensity”. The players an-
swered the question “How intense was your today’s ses-
sion?” on a scale ranging from 0 (no effort at all) to 10
(maximal effort) arbitrary units [AU].
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The CON did not change their lifestyle during the 8
weeks intervention (control period). Both CIT and CON
received group-based dietary advice sessions led by a di-
etitian and provided with a standardised meal plan. CIT
received the dietary advice at baseline. The meal plan
aimed to lower body weight, but to maintain muscle mass.
Thus, the meal plan was semi-low-caloric, providing 1,800
and 2,300 kcal per day for the women and men, respec-
tively, which corresponds to protpcols delivered to patients
with diabetes.

Previous studies of group-based diabetes education have
reported HbA1C decreases of 0.5—2.0% in T2DM patients'®.
The main principles of the meal plan were substituting
high-starch and high-sucrose foods with low-glycaemic nat-
ural fibre-rich plant foods". In accordance with the official
Danish dietary recommendatins, the recommended vege-
table intake was 300 g per day and fruit consumption was
limited to two to three pieces per day in order to limit fruc-
tose intake'™ . The participants were instructed to mini-
mise consumption of sucrose-containing foods, especially
sugar-sweetened beverages, and to substitute starchy foods
with wholemeal foods such as wholemeal bread, pasta and
rice”. The recommended intake of saturated fat, dietary
cholesterol and trans fat is the same for diabetic subjects as
for the healthy population'®'®. However, based on Danish
dietary surveys, the participants were advised to increase
consumption of foods containing long-chain n-3 fatty acids
(EPA and DHA) from fatty fish'.

Testing

Maximal oxygen uptake testing

Participants reported to the laboratory after being in-
structed to refrain from vigorous exercise 24 hours prior
to the tests and to avoid alcohol, tobacco, and caffeine on
the day of testing. To determine VO, __and peak pulmo-
nary ventilation (PV) participants completed an incre-
mental cycling test to exhaustion on an electronically
braked cycle ergometer (Excalibur Sport, Lode, Gronin-
gen, Netherlands) with continuous measurements of VO,
and V, using an online gas collection system (model
Cosmed, Quark b2, Milano, Italy). Heart rate was moni-
tored (HRM-Dual, Garmin, Olathe, Kansas, USA)
throughout the test. Gas analyzers and the flow of the
applied spirometer were frequently calibrated. The exer-
cise protocol started with a 6 min warm-up period; 3 min
at 30 or 50 W followed by 3 min at 50 or 70 W for women
and men, respectively, after which the workload was in-
creased 15 or 20 W/min for women and men until the point
of exhaustion or a cadence <60 rpm. Participants were
verbally encouraged and motivated throughout the test.
Participants were blinded to pulmonary measurements,
power output and time elapsed. Breath-by-breath VO, val-
ues were averaged over 30 s, and the VO, was defined
as the highest 30s value. The highest HR averaged over
15 s in the three different tests was retained as maximum
HR. Participants were tested at the same time of the day

for all three tests and were familiarized to the testing
procedure prior to baseline testing.

Body composition

Body composition was assessed using bioelectrical im-
pedance analysis (InBody 270, Biospace, California, USA
prior to the cardiorespiratory testing. Total body mass,
whole-body fat percentage and lean body mass were evalu-
ated. Additionally, body mass index (BMI) was calculated.

Statistics

Shapiro-Wilks test revealed that all variables were
normally distributed within each group and evaluation
moment (P>0.05). A multiple one-way analysis of variance
(ANOVA) was used to assess possible between groups dif-
ferences at baseline. A two-way repeated-measures ANO-
VA was used to test for differences in body composition
and cardiorespiratory fitness. The independent variables
included one between-subjects factor (training interven-
tion) with two levels (CIT and CON), and one within-sub-
ject factor (time) with two levels (pre- and post-interven-
tion). To examine the influence of training intervention on
the development of our dependent variables, we used these
ANOVAs to test the null hypothesis of no different change
over time between groups (training intervention X time
interaction). To qualitatively interpret the magnitude of
differences, effect sizes (d) and associated 95% confidence
intervals (95% CI) were classified as small (0.2—0.5), mod-
erate (0.5—0.8) and large (>0.8).

Relative changes in body composition and cardiorespi-
ratory were calculated using delta (A) values. Paired sam-
ple correlations were computed to analyse the associations
between acute exercises responses to CIT and percentag-
es of changes (A) in body composition and cardiorespira-
tory variables, as well as between A values among our
dependent variables. To interpret either the magnitudes
of correlation, the following criteria were adopted: trivial
(r<0.1), small (r=0.1-0.3), moderate (r=0.3—-0.5), large
(r=0.5-0.7), very large (r=0.7-0.9) and almost perfect
(r>0.9). The associated 95% confidence intervals (95%CI)
were also calculated.

Data were reported as mean (SD) for all variables. The
level of statistical significance was set at P < 0.05. Data
analyses were performed using Statistical Package for
Social Science software (IBM SPSS, Version 25.0. Ar-
monk, NY).

Results

Acute exercise responses to circuit training

The CIT group completed in total 22 + 3 training ses-
sions over the 8-wk intervention period corresponding to
a training frequency 2.7 + 0.4 sessions per week. During
CIT, HR during exercise averaged 84 + 3 % HR_ _ and
peaked 94 + 4 % HR__ . After CIT, the participants per-
ceive the intensity as 7+ 1 au. No significant correlations
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were observed between exercise responses to CIT and
training adaptations (P<0.05).

Body composition

A detailed description of changes in body composition
parameters through 8-week CIT compared to CON is re-
ported in Table 1.

Women undergoing CIT experienced large reductions
in body mass, BMI and fat percentage (d= 0.98 to 0.81;
P<0.001), with no changes in muscle mass percentages
(P=0.020). On the other hand, women experienced moder-
ate increases in only muscle mass after 8-week inactivity
(d [95% CIs] =-0.57 [-1.02; —0.10]; P=0.018). A small to
moderate group x moment interaction was found in wom-
en in all body composition parameters (d= 0.15 to 0.62;
P<0.05).

Men experienced large reductions in body mass and
BMI after 8-week CIT (d=1.79 [0.98; 2.58] and 1.82 [1.00;
2.61), respectively). No changes in body composition pa-
rameters were observed in men after inactivity (P<0.05).
A small to moderate interaction was found in men for body
mass and BMI (d= 0.58 [0.29; 0.88] and 0.42 [0.21; 0.64],
respectively; P< 0.001).

When pooling women and men, moderate lo large re-
ductions were observed in body mass, BMI and % fat after
CIT (d=0.43 to 0.81; P<0.05). On the other hand, all body
composition parameters remained unchanged in CON af-
ter 8-week inactivity (P<0.05). A small to moderate group

x moment interaction was found for body mass, BMI and
% fat (d=0.10 to 0.60; P < 0.05).

Cardiorespiratory parameters

A detailed description of changes in cardiorespiratory
parameters through 8-week CIT compared to CON is re-
ported in Table 2.

Women undergoing CIT experienced moderate increas-
esin VO, and reductions PV (d=-0.58 [-1.1;-0.04] and
0.72 [0.16; 1.26], respectively; P<0.05). On the other hand,
inactive women did not observed any changes in VO,
(P=0.107) but observed moderate reductions in PV after
8-week inactivity (d [95% Cls] = 0.67 [0.19; 1.14]; P=
0.006). A small to moderate group x moment interaction
was found in women for VO,  (d=0.17 [0.04; 0.29];
P=0.013)

No changes in physiological parameters were observed
in men after either 8-week CIT or inactivity (P<0.05).
However, a small interaction was observed in men for
VO after 8-week CIT (d= 0.23 [0.07; 0.39]; P=0.010).

When pooling men and women, small improvements in
VO, .. were observed after CIT (d=—0.48 (-0.85; —0.11);
P =0.010). On the other hand, small to moderate reduc-
tions were observed in VO, _ and PV were observed in
CON after inactivity (d= 0.47 [0.11; 0.83] and 0.64 [0.26;
1.01]; P< 0.05). A small moment x group interaction was
observed for VO, __(d=0.19 [0.13; 0.26]; P < 0.001).

2max

2max

TABLE 1

CHANGES IN BODY COMPOSITION PARAMETERS THROUGH 8-WEEK CIRCUIT TRAINING COMPARED
TO CONTROL GROUP

Control group

Circuit training group Group x moment interaction

Before 8 weeks P d (95% ClIs) Before 8 weeks P d (95% ClIs) P d (95% ClIs)
Women (n=21 and 16)
Body mass (kg) 86.6+16.7 86.8+16.3 0.605 -0.12(-0.54;0.32) 88.6+19.6 83+17.5 <0.001 1.80(0.98;2.59) <0.001 0.62(0.36;0.87)
BMI (kg - m-2) 32+52 321451 0.562 -0.13(-0.56;0.30) 31.8+6.3 29.8+5.6 <0.001 1.81(0.99;2.6) <0.001 0.61(0.36;0.87)
Fat (%) 41.5+5.9 41.7+6.3 0.365 -0.20(-0.63;0.23) 374+77 35.8+74 <0.001 0.98(0.37;1.57) <0.001  0.34(0.2;0.47)
Muscle mass (%) 27.7+3.9 281+4.2 0.018 -0.57(-1.02;-0.10) 28.9+4.9 28.8+4.8 0.380 0.23(-0.27;0.72) 0.020  0.15(0.03; 0.27)

Men (n= 16 and 16)

Body mass (kg) 95.7+18.0 96.3+17.6 0.338 -0.29(-0.86;0.3) 103.8+16.9 97.5+15.1 <0.001 1.79(0.98;2.58) <0.001  0.58 (0.29; 0.88)
BMI (kg - m-2) 30.6+5.1 30.5+4.2 0.888 0.04(-0.53;0.61) 31.9+4.9 30.0+4.4 <0.001 1.82(1.00;2.61) <0.001 0.42(0.21;0.64
Fat (%) 30.9£56 311+6.2 0.670 -0.13(-0.69;0.45) 26.7=8.5 26+8.9 0412 0.21(-0.29;0.7) 0.391  0.03(-0.04; 0.1)
Muscle mass (%) 37.3+7  37.2+7.0 0.744 0.10(-0.47,0.66) 41.2+52 40.6+4.9 0.345 0.24(-0.26;0.74) 0.508  0.02 (-0.04; 0.07)

All pooled (n= 37 and 32)

Body mass (kg) 89.9+17.5 90.3+17.1 0.277 -0.19(-0.54;0.15) 96.2+19.6 90.3+17.7 <0.001 1.81(1.24;2.37) <0.001  0.60 (0.40; 0.80)
BMI (kg 'm?)  31.5+51 315448 0.852 -0.03(-0.37,0.31) 31.8+5.6 29.9+5.0 <0.001 1.84(1.26;2.4) <0.001 0.53(0.35;0.71)
Fat (%) 376477 37.8+8 0378 -0.16(-0.50;0.19) 32.0£97 30.9+9.5 0022 0.43(0.06;0.79 0.012  0.10(0.02; 0.17)
Muscle mass (%) 31.1+6.9 31.4+6.9 0097 -0.30(-0.64;0.05) 351+£8.0 347+77 0241 0.21(0.14;0.56) 0.067  0.05(0.00; 0.11)

BMI= body mass index
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TABLE 2

CHANGES IN CARDIORESPIRATORY PARAMETERS THROUGH 16-WEEK CIRCUIT TRAINING
COMPARED TO CONTROL GROUP

Control group

Circuit training group Group x moment interaction

Before 8 weeks P d (95% Cls) Before 8 weeks P d (95% Cls) P d (95% Cls)
Women (n=21 and 16)
VO2max (mlkg-1'min-1) 22.1+3.2 21.0+3.0 0.107 0.37(-0.08;0.81) 22+2.6  23.2+3.5 0.035 -0.58(1.1;-0.04) 0.013  0.17 (0.04; 0.29)
PV (L'min-1) 85.5+14.2 80.1+15.5 0.006 0.67(0.19;1.14) 97.5+13.3 89.1+16.1 0.012 0.72(0.16;1.26) 0.383  0.02 (-0.03; 0.0)
Men (n= 16 and 16)
VO2max (mlkg-1'min-1) 27.6+6.1  254+5.9 0.051 0.64(0.00;1.25) 26.4+6.3 28.3+6.2 0.084 -0.46(-0.97;0.06) 0.010  0.23(0.07; 0.39)
PV (L'min-1) 117.3+19.4 109.3+26.4 0.054 0.62(-0.01;1.23) 125.5+20.7 127.2+28.7 0.712 -0.09 (-0.58;0.4)  0.123  0.09 (-0.03; 0.2)
All pooled (n= 37 and 32)
VO2max (mlkg-1'min-1) 24.1+5.1 22.6+47 0.010 0.47(0.11;0.83) 24.2+52 257+5.6 0.010 -0.48(-0.85;-0.11) <0.001  0.19(0.13; 0.26)
PV (L'min-1) 97.1+£22.3 90.7+244 0.001 0.64(0.26;1.01) 111.5+22.3 108.2+30 0.238 0.21(-0.14;0.56) 0.350  0.01 (-0.02; 0.0)

PV, peak ventilation; VO2max, maximal oxygen uptake

Correlations between body composition and
physiological parameters after circuit training

A detailed description of correlations among changes
body composition and physiological parameters after cir-
cuit training is reported in Table 3.

Changes in body mass were almost perfectly correlated
to changes in BMI (»=0.99 [0.99; 1.00]; P<0.001). Chang-
es in muscle mass were moderately related to changes in
BMI (r=0.38 [0.04; 0.65] and negatively related to chang-
es in body fat (r=—0.87 [-0.93; —0.74]; P<0.001). Changes
in VO, _ were largely related to changes in PV (r= 0.58

2max

[0.29; 0.77]; P <0.001).

Discussion and conclusions

The main findings of our study were that 8 weeks of
full-body high intensity CIT combined with dietary advice
improved cardiorespiratory fitness, as well as induces
marked reductions in body mass and body fat content in
obese sedentary individuals with some minor sex-specific
differences.

There was a 19% dropout rate with main reasons being
exclusion because of too low attendance, injures and lack
of time to commit to training. Thus, compared to other
types of training interventions®?!, the intervention can
be considered feasible despite having a very high intensi-
ty and being perceived as physically demanding with an
average RPE of 7. There was a relatively high training
attendance with nearly three weekly session which falls
within the WHO guidelines for physical activity 0, but
with a markedly higher exercise intensity. Indeed, mean
heart rate during training was ~85% HR_ _ with near
maximum levels attained, which can be classified as vig-
orous or high intensity interval training?** with a high
energy expenditure®. Thus, the applied “Burn-Classic”
fitness concept with full-body circuit training elicits a
powerful stimulation of the cardiovascular system and a
high energy expenditure of a level comparable to a
small-sided game training session in football**, which has
been shown highly efficient in relation to upregulating
cardiorespiratory fitness and body composition'®"'.

The intervention was highly efficient in relation to in-
ducing weight loss. The CIT-group displayed a weight loss

TABLE 3
CORRELATIONS AMONG CHANGES BODY COMPOSITION AND PHYSIOLOGICAL PARAMETERS AFTER
CIRCUIT TRAINING
BMI Body fat Muscle mass
P r (95% Cls) P r (95% Cls) P r (95% Cls)
Body mass <0.001 0.99 (0.99; 1.00) 0.641 -0.09 (-0.42; 0.27) 0.025 0.40 (0.05; 0.65)
BMI 0.724 -0.07 (-0.40; 0.29) 0.030 0.38 (0.04; 0.65)
Body fat <0.001 -0.87 (-0.93; -0.74)

Muscle mass

VO2max

BMI, body mass index; VO2max, maximal oxygen uptake
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of ~6 kg, which is more than observed after comparable
short-term exercise training interventions' ****, which
may be a combination between the high energy expendi-
ture in training and the inclusion of dietary guidance to-
wards a calorie restricted diet. This notion is supported
by other studies combining dietary advice and high inten-
sity training and inducing a comparable weight loss>*.
The weight loss in the present study, was partly caused by
fat loss, which is supported by a significant correlation
between the change score in body mass and fat percentage.
Indeed, for the entire sample body fat content declined
from 32.0 to 30.9% corresponding to ~3 kg fat, which is a
large absolute effect). These findings are also supported
by a recent meta-analysis by Ramos-Campo et al."* show-
ing a 4.3% decrease in fat mass after circuit-based resis-
tance training. No change was observed in muscle mass
in our study, which is on contrast to the above-mentioned
meta-analysis showing an average ~2% increase. Thus,
the remaining weight loss in our trial is likely to associate
with fluid loss in relation to expected depletion of the mus-
cle glycogen stores due to the high intensity training® and
altered diet®™. The intervention-induced lowered body
mass reduced the body mass index from around 32 to be-
low 30 kg'm?, which is the threshold between obesity and
overweight, which has clinically relevance®. While both
men and women displayed a similar weight loss, only the
women-group reached statistical significance in lowered
body fat content, which may be associated with the fact
that women may be more prone to adhere to dietary ad-
vice, compared to men. For example, has it been shown
that women manifest a more pronounced adherence to
health foods and greater engagement in controlling body
weight®®. It cannot be ruled out that the lack of signifi-
cance in the male group can be associated with a statisti-
cal type 2 error due to lowered sample size. Collectively,
our results indicate that full-body high intensity CIT com-
bined with dietary advice is an efficient method to induce
short-term weight loss without compromising muscle mass
in obese and sedentary men and women.

The CIT intervention resulted in a between-group
difference in VO, __ . The entire sample displayed an in-
crease of 1.5 ml'’kg™ ‘min" corresponding to 6%, which is
in accordance with an average increase of 6.3% at me-
ta-analysis level'?. This is generally is less than observed
after other high intensity multicomponent training pro-
tocols such as football training', interval running®, cy-
cling® and rowing'®. The relatively small change induced
a group X time interaction, since the control group dis-
played a significant decrease in VO, _ of around the
same magnitude (6%) as the increase in CIT (see Table
2). Moreover, similar post-intervention improvements
were observed in both men and women, with the males
demonstrating a numeric, but non-significant change
(despite a strong tendency), but a group x time interac-
tion was present due to a numeric decrease in the con-
trols. Thus, CIT may also upregulate the weight-adjust-
ed VO, in obese sedentary controls over an 8-week
period, which mainly is caused by a large decline in body
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mass. It is surprising that the increase in VO,  _was
limited to a 6% increase considering the low baseline
values of the sample, a 6 kg decline in body mass and the
high cardiorespiratory loading observed during CIT. For
example, other studies showed an increase in VO, __of
2.5—4—5 ml'kg™ ‘min" after 12-week low volume high-in-
tensity interval training in frail patients with coronary
artery disease with a similar baseline level® ™, despite
that the training frequency was lower than in the present
study. Also, a previous meta-analysis showed an increase
of 3.5 mlkg™ 'min™ after short-term (12—16 weeks) rec-
reational football training interventions, which elicits a
similar heart rate response the circuit training protocol
in this study. It is possible that the intervention was too
short, but it should be mentioned that the CIT-group con-
tinued training for 8 additional weeks, which did not
cause marked additional changes in VO, ___(unpublished
data). Both men and women displayed a similar improve-
ment in VO, , which is in line with other high intensi-
ty group-based training interventions'® *°. Thus, full-
body circuit training can be applied to both sexes to cause
small improvements in cardiorespiratory fitness. The PV
did not change in the intervention group, while a decline
was observed in the control group, which indicate that 8
weeks was insufficient to improve the capacity of the re-
spiratory muscles.

One of the strengths of this was that a randomized
controlled design was applied, and relatively homogenous
sample consisting of obese and overweight sedentary in-
dividual representing both sexes was recruited. The ini-
tial sample size was high and despite a ~20% dropout,
the statistical power was still sufficient with 32 and 33
subjects in each group. However, the testing for sex-spe-
cific changes there is a risk of a statistical type 2 error
due to small sub-groups. The training attendance was
high, and all sessions were supervised, which is a
strength.

It is also important to denote some limitations. The
dietary advice and meal plan were provided, but the nu-
tritional intake was not registered during the interven-
tion. Except for VO, ., we did not measure any other
fitness parameters which may have significantly affected
outcome of training protocol, such as strength and power
level of the participants. Additionally, although we clas-
sified our participants as adults, the age span was wide
(25—54 years old). In this context, the chronological may
have interfered with specific training adaptation on any
training system, with younger adults expected to adapt
sooner than their older counterparts.

In conclusion, short-tern full-body high intensity cir-
cuit training combined with dietary advice caused
marked and clinically relevant improvements in body
composition, as well as augmented maximum oxygen up-
take in obese and sedentary individuals. Thus, fitness
concepts such as the circuit training applied with con-
comitant dietary advice can be suggested as efficient
short-term treatment of obesity and physical inactivity.
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UTJECAJ KRUZNOG TRENINGA CIJELOG TIJELA NA SASTAV TIJELA I KARDIO-RESPIRATORNU
KONDICIJU KOD ODRASLIH OSOBA S PREKOMJERNOM TJELESNOM TEZINOM I SJEDILACKOG
NACINA ZIVOTA - RANDOMIZIRANO KONTROLIRANO ISPITIVANJE

SAZETAK

Pretilost i niska kardio-respiratorna kondicija su glavni ¢imbenici rizika za brojne nezarazne bolesti 1 smrtnost, te
su ucinkoviti protokoli lijecenja za borbu protiv navedenih stanja iznimno opravdani. Procijenili smo uc¢inak kruznog
treninga visokog intenziteta (high-intensity circuit training; CIT) na sastav tijela i kardio-respiratornu kondiciju osoba
s prekomjernom tjelesnom tezinom i sjedilackog nacina zivota. Kardio-respiratorna kondicija i sastav tijela utvrdeni su
prije i nakon 8-otjednog kruznog treninga (CIT; 4 kruzna treninga visokog intenziteta za cijelo tijelo tjedno; dob, 38 =9
godina; visina, 174 + 10 cm; tjelesna masa, 93.1 + 22.2 kg; < = 32), te 8 tjedana bez aktivnosti (bez treninga ili promjene
nacina zivota u razdoblju od tjedna O do tjedna 8 (neither training nor lifestyle changes; CON); dob, 39 + 7 godina, visi-
na, 168 = 8 cm, tjelesna masa, 89.5 + 17.5 kg; < = 33). Dvostrana ponovljena mjerenja ANOVA-om otkrila su umjerena
do velika smanjenja koja su utvrdena kod tjelesne mase, indeksa tjelesne mase 1 postotka masti nakon CIT treninga
(d=0.43-0.81; P<0.05). S druge strane, svi parametri tjelesnog sastava ostali su nepromijenjeni nakon 8-otjedne neak-
tivnosti (P<0.05). Utvrdeno je malo do umjereno medusobno djelovanje izmedu parametara grupe i trenutka evaluacije
kod tjelesne mase, indeksa tjelesne mase i postotka masti (d=0.10—0.60; P<0.05). Mala poboljSanja uocena su kod
VO,, .. nakon CIT treninga (d=0.48 [0.11-0.85]; P=0.010), dok su mala do umjerena smanjenja utvrdena kod VO, iPV
nakon neaktivnosti (d=0.47 [0.11-0.83], odnosno 0.64 [0.26—1.01]; P<0.05). Utvrdeno je malo medusobno djelovanje
izmedu parametara grupe i trenutka evaluacije kod VO, (d=0.19 [0.13—-0.26]; P<0.001). Nasi rezultati ukazuju na to
da 8-otjedni kruzni trening za cijelo tijelo moze poboljsati kardio-respiratornu kondiciju i sastav tijela kod osoba s pre-
komjernom tjelesnom tezinom i sjedilackog nacina zivota.
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