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Abstract: We assessed the cardiorespiratory responses and exercise tolerance during 12 week training
(intermittent vs. continuous) in obese children. Twenty nine obese adolescent were randomly allocated into
either the IT or CT group. The CT group performed a 30 to 40 minute continuous exercises a 60% to 70 % of
vWO2max. IT group was instructed to run for 2 min interspersed with recovery periods of one minute. The
exercise intensity was 80% of the vWO2max increased by 5% every four weeks. Along the training period, the
increase of the load was carried out by increasing the intensity and the number of repetitions. At baseline and
after 12 weeks of intervention, cardiorespiratory fitness, body composition and lipid parameters were assessed.
Improvement of Weight and Fat mass were significantly lower during the intermittent exercise (Weight q
=81.1+13.8 vs. 79.1+13.3 and Fat mass = 33.8 6.7 vs. 31.8 +7.1 respectively) compared to the continuous
exercise in the obese adolescent (Weight = 80.7 £13.2 vs. 75.8 £11.2 and fat mass = 33.7 + 6.7 vs. 28.845.1
respectively). After the continuous training program, significant beneficial effects on the HDL-C (nmoi-1y (0.97
+0.06 vs. 1.12 i‘Ol), ratio LDL-C/HDL-C (2931022 VS. 2391‘013), ratio TC/HDL-C (4571019 VS. 3921020)
Improved capacity cardiorespiratory best of IT versus CT, at the Resting. HR (beats. m’) (83+ 4 vs78+3 and
78 +4 vs. 76 +3 respectively), systolic BP (mmHg) (p<0.01 vs. NS), VO,max (ml.min":.k™) (p<0.001 vs. p<0.05)
and recovery index (p<0. 01 vs. p<0.05). Greater improvement in cardiorespiratory fitness of intermittent
group compared to the continuous group. The other subjects who completed the continuous training program
have improved their lipid profiles and their body composition more that the group intermittent.

Keywords: intermittent training; continuous training; body composition; cardiorespiratory fitness; lipid
profiles; obese adolescent.

I.  Introduction

Obesity during childhood and adolescence has been identified as a major health problem throughout
the world [1]. It has been associated with a reduced exercise tolerance and a decrease of cardiopulmonary
function as well as an alteration of peripheral muscles responses [2-3]. Decreased physical activities and
sedentary life style were the most important factors contributing in the development of paediatric obesity [4].
Consequently, exercise training was often included in weight-loss programs with energy restriction. It was
shown previously, that the practice of a regular exercise by obese subjects (with different obesity classes)
improves their body composition and their functional capacities [5-6]. The benefits of regular exercise are well
documented [7], but the rationale underlying the exercise mode recommendations for specific health benefits
remains unclear due in large part to the sparse scientific data supporting these recommendations. We need
require clear exercise guidelines based upon sufficient evidence from which to prescribe the most effective
exercise plan [8]. Most studies consider that continuous training to be beneficial for maintaining cardiovascular
fitness. However, exercising with intervals may be more effective [9]. In addition, other researchers have
suggested that intermittent exercise of moderate intensity with at least 10 minutes duration accumulating 30
minutes per day(3 times / session / 30 min per day), provided cardiovascular benefits [9]. DeBusk et al., [10],
observed that, subjects who exercised in intermittent sessions experienced gain in physical fitness and
improvement in blood lipid profile. Previous studies showed that the intermittent bouts of walking provided
improvement in aerobic fitness, body composition, plasma lipoprotein and blood pressure compared to
continuous or long session of physical training [11]. Short bouts of intermittent exercise training lead to a
significant improvement in cardiovascular fitness as compared to the longer continuous bout of similar duration
[12]. On the other hand, a continuous training program for 70-80% of maximum heart rate for 30 min / day, 5
days / week showed an increase in aerobic capacity, improved blood lipid profiles and improved aspects of
physiological well-being, sedentary middle- aged adults [13]. Regular physical activity reduces, also, the risk of
cardiovascular disease [11]. therefore the present study was undertaken with a view to investigate the
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effectiveness of continuous and intermittent exercise training on body composition, the lipid profile and the
cardiorespiratory fitness of obese adolescent boys. We hypothesize that the continuous training would further
improve body composition, and lipid profile while training intermittent yield results more relevant
cardiorespiratory capacity

I1.  Methods

2.1. Subjects

Twenty nine for obese adolescents (boys), in good health participated in this study. Their mean values
of age, height and weight were respectively 13 + 08 years, 1.62 £ 0.08 m, 81.2 + 13.7 kg. After receiving a
complete verbal description of protocol, risks and benefits of the study, the subjects provided written consent to
an experimental protocol approved by the Researsh Ethics Committee of the Faculty Medicine’s, from
University of Sfax in Tunisia. A stripling was defined as obese when his Body Mass Index (BMI) is superior to
the 97th percentile defined by Rolland- Cachera et al, [14]. A draw has divided the subjects into two groups.
The first group of 15 adolescents (CT) participates in continuous training program. The second group of 14
adolescents (IT) realizes the program of intermittent training.

2.2. Materials and measured parameters
2.3. Anthropometric measures

Mass (kg) of the subjects was measured with a calibrated electronic scale and standing height (m) was
measured with a stadiometer fixed. Similarly, waist circumference (cm) was also measured using a tape. BMI
was calculated for each subject using the following formula: weight / Size? (kg.m™).Body fat (%) was estimated
from four skinfolds (supra-iliac, biceps, triceps and subscapularis) according to Durnin and Womersley formula
[15]. The measurement of these skinfolds was conducted by a clamp Harpenden. This fat is used to calculate the
Lean Mass (LM) by the formula of Hallynck et al, [16].
MM = (1, 10 * weight (kg)) - 128 * [weight® / (100 * height (m))?]

2.4 A stress test

Measures of VO, max and the recovery ability post-exercise will be discussed at the end of the test
with Lurking triangular wheels (COSMED Pulmonan-Function Equipment 37 Via dei Piani di monte Savello I-
00040 Rome ITALY).This dynamic test, until the maximum fatigue, consists in increasing the speed of 1km /
time every 2 min, after warm up for 5 min with a speed of 6km / time. Heart rate and VO, during the test and
recovery will be measured using an analyzer (version 1.2 PRO Fit mate COSMED)

2.5 Determination of serum lipids

Venous blood samples (ante-cubital vein) were performed in dry tubes under basal conditions (8 am
morning). After centrifugation, the sera were frozen at -80 ° C until analysis. Total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and glucose levels were measured in all
subjects before and after programs after 12 hours fasting using standardized techniques described by Wegge JK
[17]. Low-density lipoprotein cholesterol (LDL-C) was calculated as described by the Friedewald formula [18].

2.6 Exercise Training Protocols.

The subjects were divided into two groups and subjected to two training programs (interval training
(IT), continuous training (CT)). The training lasted 12 weeks with three weekly sessions. The intensity was
monitored as a function of time and the distance traveled

2.7 Intermittent training: Intermittent group was instructed to run for 2 min interspersed with recovery periods
of one minute. The exercise intensity was 80% of the vVO,max increased by 5% every four weeks. Along the
training period, the increase of the load was carried out by increasing the intensity and the number of repetitions

2.8 Continuous training: Training was carried out continuously at 60% of vWO, max (first 4 weeks), 65% of
vVVO2max (second 4 weeks) and 70% of vWO, max (3rd 4 weeks).Progress was controlled by increasing the
intensity and duration of exercise in order to have the same training load between groups trained.

2.9 Statistical analysis

All data were presented as means values and standard deviation.

A paired Student’s t-test was used to analyze within group changes. The differences between the two groups
(IT) and (CT) were compared by unpaired Student’s t-tests. Tukey’s post hoc test was used to compare means
and to evaluate the relationships between various parameters. Spearman’s correlation analysis was performed.
Analysis was performed using StatView software and the significance threshold was set at p < 0.05.
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I11.  Results
3.1. Two protocols effects on the anthropometric characteristics
Basic anthropometric characteristics of our population and their changes during the training period are
reported in Table 1. Groups (IT) and (CT) were similar in age, size and exhibited similar adiposity. This was
evaluated by BMI, the fat and waist circumference (WC).The training period of 3 months induces a
modification of all parameters of body composition of our subjects. However, this varies depending on group.

3.2. Intra-group body weight changes

Table 1 shows a significant decrease in body weight of subjects in our population. The subjects (CT)
weighing 80.7 £ 13.2 kg before and 75.8 + 11.2 kg after the training period, ( a decrease of -4.9 + 2.1 kg, p
<0.01). For group (IT), this decrease is less important. Indeed, body weight adolescents pass of 81,1+13.8 kg
before to 79.1 + 13.3 kg after this period ( a decrease of - 2.0 = 0.5 kg, p <0.05).

3.3 Intra-group BMI changes in

Table 1 shows a significant reduction in BMI in our subjects during the training period. In the group
(CT), this index pass of 30.8 + 2.9 Kg.m™ before, to 28.5 + 2.6 Kg.m™ after the training program, or a loss of
- 2.3Kg.m™ £ 0.6 (p <0.01). In the group (IT), a decrease of BMI is less marked, but it is significant. Thus, the
values of this index pass of 30.2 + 3.6 Kg.m-2 before to 29.4 + 3.1 Kg.m™ after the training program, a decrease
of - 1.2 £ 0.4 Kg.m™ (p <0.05).

3.4 Intra-group fat mass changes

The training program induces also a decrease in body fat in all our subjects. It pass in the group (CT) of
33.7 £ 6.7 kg before to 28.8 + 5.1 kg after the training program, a decrease of - 4.9 + 2.4 kg (p <0.01). The same
is observed for the group (IT), in which values of fat are 31.8 + 7.1 kg after against 33.8 = 6.7 kg before the
training period, which corresponds to a decrease of - 2.0 £ 0.5 kg (p <0.05).

3.5 Intra-group fat free mass changes

The training period does not alter lean mass in all our subjects. However, a slight increase but not
significant of this mass was observed in group (CT) (p = 0.062). The values pass of 46.4 + 7.8 kg before to 47.1
+ 7.3 kg after this period.

3.6 Intra-group waist circumference changes

Our program induces, also, a decrease (WC) of all our subjects. This varies depending on group. It pass
in the group (CT) of 100.1 + 12.3 cm before to 94.3 + 8.7 cm after continuous training, a decrease of — 5.8 £
3.7cm (p <0.01). The same is observed for group (IT), the decrease of waist circumference is less marked. its
values pass of 98.2 + 9.4 cm before to 96.3 + 9.9 cm after training intermittent, or a loss of -1.9 5.4 cm (p =
0.06).

3.7 Two protocols effects on the lipid profile

Lipid parameters values in pre-and post-program are summarized in Table 2. Before our program, lipid
basal plasma was significantly similar in all of our subjects. Our continuous training program induced a
significant decrease in plasma concentrations of TG, LDL-C and TC. Similarly, we recorded in these same
subjects (CT), lowered reports LDL-C/HDL-C and CT/ HDL-C (p <0.01). The decrease in these parameters
were less marked in group (IT) (p <0.05).However, in this group no significant change was recorded at TC and
LDL-C. The HDL-C/TG ratio were significantly increase after our continuous training (0.71 = 0.11 before
versus 0.86 = 0.09 after (p <0.01)).Finally, intermittent and continuous training showed a significant increase in
HDL-C (p <0.05 and p <0.01 respectively).

3.8 Two protocols effects on the cardiorespiratory fitness

Cardio-respiratory parameters Changes in both groups of our population before and after training are
summarized in Table 3. For groups (CT) and (IT) a resting heart rate decrease is significant (p <0.05 and p
<0.01 respectively).A systolic blood pressure (SBP) decrease follows the same profile. This is more marked in
group (IT) compared with those in group (CT). It is respectively 131 + 2 after versus 134 + 3 before and 131 + 3
before versus 129 + 3 after).
Similarly, we recorded in these groups a diastolic blood pressure (DBP) lowered, but is significant only for
subjects who completed the continuous training program (IT) (p <0.05).Statistical analysis revealed a significant
improvement in VO2max, maximal aerobic speed (MAS) and recovery index (RI) in both groups: (CT) (p
<0.05, p <0.01 and p <0.05 respectively) (IT) (p <0.001, p <0.001 and p <0.01 respectively).
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IV.  Discussion

At the end of the training period, changes in body composition were illustrated. These are characterized
by a reduction in body weight, BMI and body fat while maintaining Fat free mass. Also, the body mass loss
recorded in our study varies depending the groups. It is higher in group (CT) compared with those in group (IT).
The group (CT) has lost -4.9 + 2.1 kg, while the group (IT) has lost only -2.0 + 0.5 kg. The first observation is
that, as in adults, studies on the physical exercise effect on the weight of the adolescent show sometimes
contradictory results [19-20]. Our results about weight loss group (IT) are similar to those published by Arnt
Erik Tjonna and al [21] and differ from those reported by Coquart JB and al [22]. It seems weight loss is modest
although significant in this type of study. Despite the discrepancies between the results; it seems that the
continuous exercise provides a significant improvement in weight loss [22-23]. This observation is verified in
group subjects (CT) showed an important decrease in body mass with a loss about -4.9 £ 2.1 kg. Our
observations join, therefore, the postulate of Arnt Erik Tjonna and al [21], who observed in adults under 16
weeks of continuous exercise a significant decrease of -3.6 kg bodyweight. The magnitude of the weight loss is
consistent with other investigations that used exercise and represents a 2.1% decrease for continuous program
and 1.0% decrease for intermittent program [24-25]. Our program also causes a decrease in BMI and body fat in
all our subjects. Thus, their means BMI pass of 30.5 kg.m™ before program to 29 kg.m™ after this period, which
corresponds to an average decrease of - 1.5 kg.m™. This BMI decrease was important in group subjects (CT)
that in group (IT) and different from that observed by Coquart JB and al [22] and similar than reported by
Lazzer and al [6-26]. Similarly, the fat mass in the two combined groups passes of 33.8 Kg before to 30.3 kg
after the program, or - 3.5kg loss. Similar findings were reported by Lazzer and al [26], on a period of 9 months.
Although comparisons of our results with other are difficult because of the difference of measurement methods,
it appears that our training program allows significant improvements in body composition that are important
than previous studies. Separating the two groups, we find that the fat mass loss of the group (CT) was
significantly higher than that observed in group (IT). It is of -4.9 £ 2.4 kg in (CT) thenitisonly-2.0 + 1.6 kg in
(IT) (p <0.01 and p <0.05 respectively) .

Also, our program has induced changes in waist circumference of all our subjects. Its mean value, all
combined groups passes of 99.2 cm before to 95.3 cm after the program, a decrease of - 3.9 cm. Separating the
two groups we found that the waist circumference loss is significant only in subjects of (CT) compared to that of
(IT). This loss is of the order of - 5.8 + 3.8 cm in (CT) but she is only that of - 1.9 + 4.6 cm in (IT). Our results
are consistent therefore with the advanced of Arnt Erik Tjonna and al [21] after 16 weeks intervention. Finally,
our training program produces no change in fat free mass of all our subjects, except group (CT) with a non-
significant increase (p = 0.58). In addition, our study examining the effects of two protocols, namely the
continuous and intermittent training, not only on the body composition and  lipid profile but also on the
cardiorespiratory fitness for obese adolescents Tunisians. In our study the interval training improves one hand,
the ability to oxidize lipids at exercise and secondly, it induces a decrease in triglycerides and increased the
HDL cholesterol. Our results are similar those reported by JE Donnelly and al [23], showed that a change in
HDL-C following a continuous or intermittent training However, in group subjects (CT), we found a greater
increase of HDL-C values and of ratio of HDL cholesterol to triglycerides. According to our study, the
significant reduction in plasma concentrations of the ratio TC / HDL-C, and LDL-C/HDL-C is mainly due to the
choice of continuous training. Intermittent training program did not induce significant changes in the values of
total cholesterol (TC) and LDL cholesterol (LDL-C), but produced an increase in HDL cholesterol (HDL-C)
values and a decrease in the ratio of TC / HDL-C. Our results are consistent with the postulate of Arnt Erik
Tjonna and al [21], which showed no change in the values of TG, LDL-C and TC after an intermittent and
continuous training. It appears that continuous training, although it did not significantly affect the values of TC
and LDL-C, it induces significant changes of ratio TC / HDL-C. Our study provides a further demonstration on
exercises choice that could be prescribed and recommended in obese subjects. The continuous training improves
the body composition, lipid profile. This type of training seems to have a more sustained than the intermittent
The result revealed that both intermittent and continuous groups had a significant decline in blood pressure and
heart rate of both continuous and intermittent training, reduction was greater in intermittent group (IT) than in
continuous group. However, both types of training induced a decrease in resting heart rate, systolic blood
pressure (SBP) and diastolic blood pressure (DBP) and an increase in VO, max and recovery index. Yet, in
group (IT), we found a greater improvement of all recorded values. Our results are similar to those of [10-27],
which showed almost the same change. In our study, the relative VO, max of both the continuous and
intermittent training groups improved significantly, Continuous and intermittent training improved the VO, max
of sedentary persons was observed in previous studies [28-29]. Cardio respiratory endurance is defined as
ability to sustain prolonged, rhythmic exercise. It is related with the highest rate of oxygen consumption
obtainable by the active muscle during maximal or exhaustive exercise [30]. Both the exercise training program
increased the VO, max reflected an increase in cardio-respiratory system efficiency. Previous researchers also

34



Effect Of Intermittent And Continuous Training On Body...

observed that both the continuous and intermittent exercise training program were able to improve the VO, max
[10-28-32]. But in our study, we observed that the degree of improvement in VO, max was higher after
intermittent training as compared to the continuous.

V.  Conclusion

That exercise training intermittent or continuous, in the presence of changes in body composition,
improves the lipid profile and cardiorespiratory fitness. It appears from this study that 12 weeks of intermittent
or continuous training has a positive additional effect on the body of our subjects. These results in a greater
improvement in cardiorespiratory fitness of intermittent group compared to the continuous group. The other
subjects who completed the continuous training program have improved their lipid profiles and their body
composition more that the group intermittent. These findings lead us to consider a combined training start first
with training intermittent aimed to improve cardiorespiratory fitness to ensure a better fit and then enchained
with continuous training to foster better improvement to adolescent health in overweight or obese.
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Results

Tablel. Anthropometric characteristics before and after the 3-month program in CT and IT groups

(mean + standard deviation)

CT (n=15) IT (n=14)

Parameters Before After Before After
Age (y) 12,9+0,5 13+0,8
Height (m) 1,62 +0,08 1,64+0,05
Weight (kg) 80,7 £13,2 75,8+11,2 ** 81,1+13,8 79,1+13,3*
BMI (kg/m-2) 30,8+29 28,5+2,6 ** 30,2+3,6 29,431 *
Fat mass (kg) 33,7+6,7 28,8451 ** 33,8+6,7 31,8+7,1*
Fat free mass (kg) 46,4+7,8 47,1+7,3 47,375 46,8+5,9
waist circumference (cm) 100,1+£12,3 94,3+8,7 ** 98,2+9,4 96,3+9,9

Legend: CT, continuous training; IT, intermittent training; BMI, body mass index; * p<0, 05; ** p<0, 01; ***
p<0, 001 after versus before program.
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Effect Of Intermittent And Continuous Training On Body...

Table2. Blood chemistry after versus before three month program in CT and IT groups (mean * standard

deviation)
CT (n=15) IT (n=14)

Parameters Before After Before After
Triglycerides (mmol/l) 1,38+0,32 1,31+0,2 1,35+0,16 1,27+0,11*
Cholesterol (mmol/l) 4,48+0,09 4,43+0,06 4,37+0,11 4,32+0,1
HDL-C (mmol/l) 007+0,06  1,12£0,1** 0,09+0,04 1,030,08*
LDL-C (mmol/l) 2,87+ 0,13 2,70 £0,21 2,75£0,15 2,740,13
LDL-C/HDL-C 2,03+£022  2.39%0,13 *** 2,78+0,23 2,64+0,27*
Ratio TC/HDL-C 457+0,19  3.92+0,20 ** 4,41%0,25 4,21+0,32*
Ratio HDL-C/Triglycerides 774011 0,86 +0,09* 0,74%0,15 0,78+0,13

Legend: HDL-C, height density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC,
Total cholesterol; * p<0, 05; ** p<0, 01; *** p<0, 001 after versus before program.

Table3. Cardio-pulmonary data of adolescents before and after the 3-month program in CT and IT groups

(mean = standard deviation)

CT (n=15) IT (n=14)

Parameters Before After Before After
Resting. HR(beats. m ") 7814 76+£3* 83+4 78+£3**
Systolic. BP (mmHg) 131+3 129+3* 134+3 131+2%*
Diastolic. BP (mmHg) 8516 83+3 8745 84+3*
vO2max (ml kg™ min™) 37,5+1,6 39,2+3,2* 38,7+1,2 42,941, 7%
MAS (km/h) 10,5+0,9 11,2+0,5** 11,1+0,3 12,5+0,4***
Recovery index (RI) 15,8+0,7 17,1+0,8* 14,811 16,4+1,8**

Legend: IT, intermittent training; CT, continuous training; Resting. HR, resting hear rat; Systolic. BP, systolic
blood pressure; Diastolic. BP, diastolic blood pressure; VO,max, maximum oxygen uptake; MAS, maximal

aerobic speed *p<0, 05; ** p<0, 01; *** p<0,001 after versus before program.
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