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Abstract Background: Obesity is associated with low-grade inflammation. Several training modalities are proposed to
combat obesity but also to improve the inflammatory profile. The aim of this study was to evaluate the effects of physical
activity combined with nutritional education on pro/inflammatory cytokines in obese adolescents. Methods: In this
intervention study, 44 adolescents aged 15 + 1.38 were selected. Participants were randomly separated into two groups: group
1 (n = 22) who completed the training program and nutrition education; group 2 (n = 22), the training program alone.
Anthropometric and physiological measurements were performed. All subjects underwent assessment of inflammatory
markers before and after the 12-week training session with measurements of (C-reactive protein) CRP interleukin-6 (IL-6)
and tumor necrosis factor-o, (TNF-a). Results: The results indicated a significant decrease in body mass (0.78%) waist
circumference (4.33%) and fat percentage (4.82%) in group 1 subjects. Those in group 2 also showed a significant difference
in waist circumference (1.91%) and fat percentage (0.61%). Significant decreases in serum levels of TNF-o (p < 0.05), IL-6
(p < 0.05) in both groups were observed after the intervention. However, only group 1 showed a decrease in CRP (p = 0.04).
Conclusion: This study showed that serum levels of TNF-a and IL-6 and CRP can be reduced in obese adolescents after 12
weeks of exercise training combined with diet modification. Exercise combined with dietary education is an important
therapeutic aspect to increase success in combating the harms of obesity.
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. towards processed foods and high-calorie diets over the past
1. Introduction 30 years [4].

Adolescence is a key period in the development of obesity
observed in adulthood. Indeed, at this period, regardless
of gender, hormonal impregnation induces an increase in
body fat, increased by the decrease in physical activity often
observed in adolescents. Fat mass gain favors the
development of insulin resistance (IR) and chronic
inflammation, well known factors of oxidative stress (OS) at
rest [3]. In addition to being a risk factor for cardiovascular
disease, obesity is associated with a large number of
abnormalities such as hypertension, metabolic syndrome,
certain cancers, sleep apnea syndrome and type 2 diabetes
* Corresponding author: _[5,6]. It is also associateq with low-grade inflammatiqn
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Obesity is an important multifactorial condition associated
with risk of many chronic diseases and high mortality
rates [1]. It is characterized by abnormal or excessive
accumulation of adipose tissue that can have adverse health
consequences for individuals of all ages. The global obesity
phenomenon has worsened in the last decades [2] and affects
both adults and adolescents. The increase in the prevalence
of adolescent obesity has been attributed to an imbalance
between energy intake and expenditure due to an
increasingly sedentary lifestyle, and anutritional shift
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and interleukin 6 (IL-6) and raise the level of oxidative stress.

This leads to insulin resistance in skeletal muscle that may
result in diabetes [7]. Circulating levels of theseinflammatory
markers (CRP, TNF-a and IL-6) are then elevated with
obesity [8].

Due to the complications of obesity, the prescription of
physical activity in obese adolescents is no longer a rarity
and is therefore recognized as a necessity. It is considered to
be an effective therapeutic approach in the fight against
chronic diseases. Previous studies have indicated thatregular
physical training such as aerobic or resistance training
reduces chronic inflammation, particularly in obese subjects
with elevated levels of inflammatory markers undergoing
longer- term intervention [9]. Kim et al [10] concluded that
circuit training can be considered an effective mode to help
decrease blood inflammatory factors in the obese person.

Another aspect that could accelerate the effect of exercise
on weight loss and consequently the improvement of serum
levels of inflammatory markers in the obese adolescent is the
adoption of healthy eating habits. Indeed, nutrition education
would be an optimal tool to improve dietary habits, which
could have implications on inflammatory parameters in
obeses adolescents.

Some studies on the effects of high-intensity interval training
("HIT") and nutritional counseling on cardiometabolic
biomarkers, hormonal parameters, and cardiorespiratory
fitnessin adolescent girls with obesity have shown that after
three months of intervention, the diet+HIIT group showed a
decrease in the area under the curve of glucose, insulin, and
CRP compared to the diet group [3].

However, other recent studies have not confirmed the
effects of exercise on inflammatory cytokines [12] and
probably due to the non-isolation of the effects of
exercise-induced weight loss. Furthermore, the mechanism
linking exercise to these inflammatory biomarkers is not
clearly defined and the effects of regular exercise on serum
levels of pro/inflammatory cytokines are not conclusive. The
nature of the intervention may be important in inducing
favorable changes in body composition and inflammatory
markers in the obese individual. Therefore, more studies are
needed to show the importance of a type of intervention on
health markers in this population. Therefore, the purpose of
the present study was to compare the effects of 12 weeks of
an aerobic training program combined with nutrition education
to an aerobic training program alone on pro/inflammatory
cytokines.

2. Materials and Methods

Participants

The purpose of this quasi-experimental research study was
to evaluate the effectiveness of twotypes of training programs
on pro/inflammatory cytokines. A total of 44 obese
adolescents aged 14 to 18 years were recruited for this
intervention study. Parents of all subjects were informed of
the experimental procedures and provided written informed

and signed consent prior to anydata collection. Eligible study
subjects were randomized into two groups: group 1 (n = 22)
who completed the training program and nutrition education;
group 2 (n = 22), the training program only. Obesity was
defined with a body mass index (BMI) > 95th percentile.
Any subject with no history and type of medical condition
that precluded physical activity was included in the study.
The study was approved by the scientific committee of the
Higher Institute of Physical and Sports Education. Parents of
children younger than 18 years of age signed an informed
consentbefore participating in the training session.

Procedures

All subjects were familiar with all procedures. Assessment
of anthropometric and body composition parameters,
measurement of serum inflammatory markers (TNF- a, IL-6,
and CRP), and dietary habits were performed before and
after the 12-week training session.

Anthropometric and body composition parameters

Body mass (kg) was measured to the nearest 0.1 (kg) with
the participant in light clothing and without shoes using a
digital scale (SECA707, Hamburg, Germany). Body height
(m) was determined to the nearest 0.5 cm using a stadiometer
(Takei, Tokyo, Japan). Body mass index (BMI) was then
calculated (kg/m2). Waist circumference was measured
twice using a flexible anthropometric tape placed on the
upper edge of the iliac crest and recorded to the nearest
centimeter. Fat percentage was measured using a BC535
multifunction impedance meter(Tanita, Japan).

Biochemical analysis

Blood samples from all subjects were taken one day before
and two days after their last exercise session. This blood was
allowed to clot for 60 minutes, centrifuged at 1000 rpm,
(4°C), and the serum was collected and stored at -20°C until
inflammatory biomarker analysis. Blood concentrations of
IL-6, TNF- and CRP were measured in double assay by
enzyme-linked immunosorbent assay according to the
manufacturer's specifications.

Dietary habits

The dietary habits of the children were collected by a
food frequency questionnaire (FFQ). The food frequency
questionnaire included the following food products
consumed most often in Congo: soft drinks, fruits,
vegetables, red meat, fish, sweets. It was divided into
frequency perweek (rarely, frequently). In addition, 2 other
questions were added separately to the FFQ regarding the
frequency of consumption of fast-food type meals.

Intervention Program

The training program was structured in two microcycles of
18 sessions each. The duration of each microcycle was six
weeks. Three weekly sessions were performed during this
program mainly on Monday, Wednesday and Friday. Each
session was 1 h 30 min in length. The sessionsconsisted of six
different parts, namely: 1) 5 min of grip, 2) 15 min of
warm-up, 3) 30 min of muscle strengthening, 4) 25 min of
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aerobics, 5) 10 min of relaxation, and 6) 5 min of cool-down
and recovery.

During microcycle 1, subjects worked at 65% of HRmax
from week 1 to week 4, then from week 5 to week 6 the
intensity was slightly increased to 70% of HRmax. In
microcycle 2, the intensity in weeks 7 and 8 was also 70% of
HRmax. This intensity was increased to 80% of HRmax
fromweeks 9 to 12.

During the sessions, the warm-up part aimed at
cardiovascular activation, joint mobilization and muscle
warm-up. It was carried out using fast walking, slow running
and jumping exercisesfollowed by stretching.

The muscle strengthening sequence was organized as a
circuit. This circuit included 12 workshops that can be
grouped mainly into squats, push-ups, sit-ups, crunches and
jumps. Thesquats, push-ups and sit-ups were performed in 2
sets with 30 seconds of recovery. Each set consisted of 10
repetitions for the first 4 weeks, 15 repetitions for weeks 5-8,
and 20 repetitions for the last 4 weeks. Cladding were also
performed in two sets separated by 30 seconds of recovery.
The set includes 20 seconds of effort for the first 4 seconds
and 30 seconds for the last 8 weeks. During the cycle,
improvements in aerobic capacity and endurance strength
weretargeted at the energy and muscle levels, respectively.

The nutrition education component of the weight
management program was based on a non- dieting approach,

which aimed to bring about changes in participants' eating
habits. A total of 24 sessions made up this program with two
weekly sessions of one hour each. Themes coveredin the first
6 weeks included "drinking healthy beverages (avoiding
unhealthy soft/sweet drinks)"; "“increasing consumption of
vegetables and legumes"; "reducing consumption of sweets
and pastries while increasing fresh fruits and nuts"; and
"increasing consumption of fish". From week 7, the
following topics were covered: consequences of poor food
choices; food rhythm; food pyramid. The registered
dietitians used the Smart Moves manual, which provided a
consistent structure for all session topics.

The objectives and content of the nutrition education
training sessions are summarized in Table 1.

Statistical Analysis

Data from this study were analyzed using SPSS version
22.0 software (SPSS Inc, Chicago, IL). Data were presented
as mean and standard deviations. The Kolmogorov-Smirnov
was used to test normality. The independent samples were
was used to compare the two groups. The pre- training and
post-training variables in each group were compared using
the paired-samples t- test. Changes in dependent variables
resulting from the training program were assessed by two-
way repeated measures analysis of variance (time*group).
Post-hoc tests were performed using the post-Bonferroni test
and the significance level was set at p <0.05.

Table 1. Objectives and content of the of the nutrition education training sessions

Session Content Goals Methods
Introduction of the instructors and obese teenagers
to each other and overview of the program with Refer ob h g
. . handover of a written document. € ef obese tegnage!'s to the program an Presentation, questions and
Orientation Di ion of the i . £ nutritional establish a relationship of trust between the ANSWETS
Discussion ot the importance ot nutritiona instructors and these young people.
intervention for obese people in general and
teenagers in particular.
Presentation, questions and
1 Emphasis placed on the importance of verifying Assess the level of nutritional knowledge of answers
adolescents' knowledge of nutrition adolescents Group discussion
Smart Moves manual
icati i i Presentation, questions and
Discussion of the quality of food to be eaten and commun!c_atmg abou_t eating habits and the d
. . nutritional practices to adopt, and answers
2 explanation of the importance of a healthy, L .
- communicating the benefits of a healthy,
balanced diet .
balanced diet. Smart Moves manual
D'lscussmn of behavnc_ar_s and certain pract!ces _ Presentation, questions and
relating to food and nutrition, as well as habits that Encourage teenagers to reduce their answers
3 are detrimental to health. consumption of fatty and sugary foods, but Group discussion
Guidance on the importance and necessity of increase their consumption of fish" Smart I\F;I |
maintaining weight mart vVioves manua
Discussion of the physiological adaptation of obese Promoting physical activity Presentation, questions and
4 teenagers, promoting strategies such as sports. answers
Orientation towards a method of problem solving Guide obese teenagers in the types of physical Group discussion
and time management in situations of dehydration. activity they should be practicing. Communication
. . . Presentation, questions and
Explanatl_on of t_he importance qf a hea!thy diet Maintaining and promoting physical health answers,
combined with regular physical activity .
5 . . . Introduction to sources of
Referral to formal and informal nutrition education . - - .
Improve adolescents' knowledge of nutrition information on nutrition
resources education
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3. Results

The anthropometric characteristics, body composition
and serum levels of inflammatory parameters before the
intervention of the two groups were compared in table 2. The
two groups were identical with respect to the age of the
participants (16.00 + 1.41 vs. 15.54 + 1.37 years), body mass
(75.14 £ 6.63 vs 73.70 + 5.25 kg), body mass index (31.72 £

Table 2. Comparison of anthropometric and pro/inflammatory characteristics post interventionbetween group 1 (n=22) and group 2 (n=22)

1.61 vs 31.57 = 1.21 kg/m2). The post intervention blood
concentrations of TNF-a (3.05 = 0.05 vs 3.09 £ 0.09 pg/ml),
and CRP (2.36 + 0.06 vs 2.38 + 0.02 mg.L-1) between group
1 (exercise program combined with nutrition education) and
group 2 (exercise program alone) showed no significant
difference apart from IL-6 level which showed a significant

difference (P = 0.018).

Total group Group 1 Group 2 p_value
Parameters (n=44) (n=22) (n=22)
Mean = SD Mean = SD Mean = SD
Age (years) 15.77 £ 1.39 16.00 + 1.41 15.54 + 1.37 0.28
Height (cm) 153.71 £ 5.43 153.83 £ 6.23 153.75 £ 4.64 0.96
Weight (kg) 74.36 + 5.47 75.14 + 6.63 73.57+4.01 0.34
BMI (kg/m?) 3142+131 3172+ 161 31.11+0.86 0.12
BF (%) 35.53 £ 6.59 36.83+ 6.52 3424+ 6.55 0.19
Waist circumference (cm) 87.86 + 6.50 88.72 £ 7.68 87.00 £ 5.09 0.38
IL-6 2.83+£0.03 2.84 £ 0.03* 2.82+£0.04 0.02
TNF-a 3.07+0.07 3.05+ 0.05 3.09 + 0.09 0.17
CRP 2.37+0.05 2.36 + 0.06 2.38+0.02 0.13

BMI: body mass; WC: waist circumference; BF: body fat; CRP: C-reactive protein; IL-6: interleukin-6; TNF-a:
tumor necrosis factor-o; group 1: having followed the training program and nutritional education; group 2:having

followed the training program only.

Table 3. Values of body mass (BM), body mass index (BMI), waist circumference (WC) andbody fat, interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-a)
and C-reactive protein (CRP)at baseline and after 12 weeks of the intervention in group 1 (n = 22) and group 2 (n = 22) subjects

After Before P-value
Parameters Mean + SD Mean + SD
Weight (kg)
Group 1 75.14 £ 6.63 74.55 £ 6.73 <0.001
Group 2 73.70+5.25 73.57+4.01 0.60
BMI (kg/m?)
Group 1 3172+ 161 31.47 + 1.69** 0.01
Group 2 31.57+1.21 31.49+1.22 0.05
WC (cm)
Group 1 88.89+ 4.92 85.04 £ 6.51*** <0.001
Group 2 87.54+5.20 87.00 +5.11* 0.04
BF (%)
Group 1 36.71+ 6.49 34.94 £ 6.41*** <0.001
Group 2 34.91+6.39 34.24 + 6.55* 0.03
IL-6 (pg/ml)
Group 1 2.84+£0.41 2.23 £ 0.56*** 0.001
Group 2 2.82+0.30 2.71+0.87 0.05
TNF-a (pg/ml)
Group 1 3.05+0.54 2.54 + 0.31** 0.001
Group 2 3.11+091 2.75+0.76* 0.63
CRP (mg/L)
Group 1 2.36 + 0.62 1.95 + 0.55* 0.04
Group 2 2.38+£0.28 2.36 £ 0.56 0.27

BMI: body mass index; WC: waist circumference; BF: body fast; IL-6: interleukin-6; TNF-c: tumor necrosis
factor-a; CRP: C-reactive protein; group 1: having followed the training program and nutritional education;

group 2: having followed the training program only.
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Table 4. Changes in eating habits observed after 12 weeks of the nutritional intervention in thesubjects surveyed

Group 1 (n=22) Group 2 (n =22)
Variables
Debut 12 weeks P-value Debut 12 weeks P-value
Fruits
- Frequently 7(31.2) 8 (36.3) 011 5(22.7) 7(31.8) 0,81
- Rarely 15 (68.8) 14 (63.7) 17 (77.3) 15 (68.2)
Vegetables
- Frequently 1(4.5) 6 (27.2) 0.95 4(18.2) 6 (27.3) 0.50
- Rarely 21 (95.5) 16 (72.8) 18 (81.8) 16 (72.7)
Red meats
- Frequently 18 (81.8) 20 (90.9) 0.64 17 (77.3) 15 (68.2) 0.74
- Rarely 4(18.2) 2(9.1) 5(22.7) 7(31.8)
Fish
- Frequently 13 (59.1) 16 (73.8) 0.52 12 (54.5) 14 (63.6) 0.61
- Rarely 9 (40,9) 6(27,2) 10 (46,5) 8(36.4)
Poultry
- Frequently 5(22.7) 1(25.5) 0.18 7(31.2) 8 (36.4) 0.87
- Rarely 17 (77.3) 21 (74.5) 15 (68.8) 14 (63.6)
Sweets
- Frequently 17 (77.3) 8(36.4) 0.01 16 (72.7) 18 (81.8) 0.68
- Rarely 5(22,7) 14 (63,6) 6 (27.3) 4(18.2)
Snacks
- Frequently 21 (95.5) 12 (54.6) 0.04 17 (77.3) 14 (63.6) 0.33
- Rarely 1(4.5) 10 (45.4) 5(22.7) 8(36.4)
Fastfoods
- Frequently 21(25.5) 12 (54.6) 0.04 19 (86.3) 20 (90.9) 0.42
- Rarely 1(74.5) 10 (45.4) 3(13.7) 1(9.1)
out-of-home consumption
- Frequently 7(47.1) 13(59.1) 9 (40.9) 11 (50.0)
- Rarely 15 (52.9) 9 (40.9) 0.12 16 (59.1) 11 (50.0) 0.61

The numbers in the boxes represent the number and frequency of food consumption

Changes in anthropometric and inflammatory parameters
within each group are described in table 3. These data
revealed that after 12 weeks of intervention, body mass
percentage fat (P < 0.001), waist circumference (P < 0.001)
were significantly improved in group 1. However, in group 2,
no changes inbody mass and body mass index were observed.
Significant decreases in body fat (P = 0.03) and waist
circumference (P < 0.001) were observed in this group.

Due to the decrease in percentage fat and waist
circumference in both groups, a decrease in inflammatory
parameters (IL-6, TNF-a and CRP) was observed, except for
CRP in group 2.

The changes in dietary habits were presented in table
4. At the end of the 12-week nutritional intervention
program, the consumption of sweets (P = 0.01) and soft
drinks (P = 0.02) was reduced in the intervention group. As
well as fast food consumption (P = 0.04) and snacking (P =
0.04). However, in the control group, there was no additive
effect of the program.

4. Discussion

The present study compared the effects of two types of

intervention on pro/inflammatory cytokine levels in obese
adolescents. The first is based on an aerobic training program
combined with nutritional education and the second on an
aerobic training program only. In group 1, the 12-week
program resulted in a significant decrease in body mass and
fat percentage compared to baseline. But there was also a
decrease in serum levels of pro-inflammatory cytokines such
as IL-6 and TN-a in both groups at the end of the programs.
This study also showed that in adolescents who followed a
combined program, the intervention had positive effects on
the level of inflammatory cytokine (CRP).

Overall, the data from this study showed a significant
decrease in body composition parameters after the combined
intervention. The magnitude of this decrease was at least 4%.
In this context, Luo et al [13] observed a reduction in body
mass fat percentage of 3.7% after an intervention period
based on a yoga program combined with a 12-week aerobic
training program. Similarly, some authors have shown that
regular exercise could contribute to the improvement of
certain parameters of body composition by decreasing, for
example, the amount of fat that is considered an important
source of inflammation [14]. If no change in body
composition was observed in obese people who followed the
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aerobic program alone, then it can be hypothesized that the
loss of body mass and percentage of fat observed following
the aerobic program combined with nutrition education is
due to dietary restriction after a change in eating behavior
and significantwater loss caused by the intensity and duration
of the exercise. Another potential reason for this
improvement could probably be related to the result of
upregulation of bioenergetic oxidation and thus an increase
in lipid oxidation.

It has also been shown that weight loss can lead to an
improvement in the pro/inflammatory profile, as was the
case in this study. Indeed, the beneficial effects of exercise
on pro- inflammatory cytokine levels observed after the two
types of intervention proposed in this studyare not surprising
since the majority of results from the literature demonstrate a
reduction in plasma concentrations of several cytokines in
response to high-intensity programs [15,16].

The results of many studies are consistent with those
obtained in the present study. Indeed, the decreases in
cytokines observed in these studies would certainly be due to
the loss of weight and body fat following 12 weeks of the
proposed intervention programs. In this regard, Beaverset al
[9] reported that reductions in inflammatory cytokines are
not achieved by exercise, but are directly associated with
fat loss. This suggests that significant reductions in
inflammatory cytokines can be achieved with a fat mass loss
greater than 5%.

The decrease in IL-6 and TN-o cytokines observed in this
study is similar to the study by some authors. Steckling et al
[16] observed a significant decrease in plasma concentrations
of resisting, leptin, IL-6 and TNF-a after an intervention
based on a high intensity interval exercise program. Several
authors have reached the same results [17,18]. These results
from previous and current studies support why obese
adolescents should exercise regularly and adopt healthy
eating habits to alter body composition. Indeed, it has been
reported that I1L-6 levels rise in the obese and are positively
associated with a waist circumference ratio and BMI, and
decrease with weight loss [18].

Surprisingly, although a decrease in the levels of the
proinflammatory cytokines IL-6 and TNF- o was observed in
both groups, this finding was not the same for the
exercise-only group where CRP levels did not significantly
change. Consistent with the literature, the study by Koh
and Park [19] observed a significant decrease in plasma
concentrations of some markers, independent of a change in
body composition. In addition, Arsenault et al obtained no
change in the inflammatory profile with training at 50% of
V02 max for different training durations in one of the
overweight or obese subjects [20]. The present results are
also contradictory to those of the study by Nunes et al [21]
who reported an increase in plasma IL-6 levels after 12
weeksof high intensity interval training.

These trends can certainly be explained by the fact that in
these studies, the dietary behavior of the subjects was not
strictly followed, and they were not put on a diet that would
allow them to lose weight. Another plausible explanation for

these discrepancies is that the duration, intensity and type of
exercise offered in these studies were different from one
study to another. Several mechanisms could account for the
decrease in CRP levels following the aerobic program
combined with nutrition education. The primary mechanism
by which physical activity may modulate inflammation
levels is via muscle-derived cytokines (myokines) released
from concentrated skeletal muscle. It is therefore highly
likely that the benefits of this training are due to the use of
significantly elevated muscle mass during exercise [22],
which increases myokine production. The observation that
serum CRP levels did not decrease in the aerobic training
group alone is consistent with other studies showing that
concomitant weight loss is required before a decrease in CRP
levels becomes apparent [23].

There were several limitations to the present study: Firstly,
the sample size was limited because the study was conducted
in a single locality and in a few local schools. Similarly, most
of the adolescents did not meet the inclusion criteria when
they were recruited at the start of the study. Secondly, no
control group was included in the study. The two groups in
the study underwent different interventions and, as a result, it
is not easy to differentiate the proportion of changes in the
parameters studied as a result of the programs. In fact, this
third group was intended to provide a baseline comparison
for the effects of the interventions. Without this group, it may
be difficult to distinguish the impact of the interventions
from other potential influences. However, this cannot
destroy the conclusions of the study for this population.
Finally, the relatively short follow-up time for adolescents
means that it is not possible to accurately assess the effects of
this intervention over a long period. Consequently, further
studies are needed to confirm the long-term effects of this
multidimensional intervention.

5. Conclusions

The results obtained suggest that the intervention program
developed in this study is practically applicable in the fight
against obesity in adolescents. After the interventions, the
subjects who underwent the aerobic program combined with
nutritional education had lower levels of inflammatory
markers as well as percentage of fat than those in the group
who underwent the aerobic program alone.
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- High intensity intermittent exercise induces positive
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changes in body composition and inflammatory
parameters.

- Physical exercise combined with dietary restriction
also produces positive effects on these physical and
physiological parameters.

Contributions of the Study to Knowledge

- The study showed that physical exercise combined
with nutrition education produces moreeffective effects
than physical exercise alone.

- This study also set up a program for the management
of obesity. This program produces convincing effects
in the improvement of health parameters in obese
adolescents.
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